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Globally cardiovascular heart disease (CHD) is the number one killer of women and men. 

The major component of CHD, coronary artery disease (CAD) is a significant health threat. The 

purpose of this exploratory study was to help healthcare professionals have a better 

understanding of which prodromal symptoms can be most helpful in identifying women who are 

at-risk of having CAD and allow healthcare providers to determine which women should 

undergo cardiovascular diagnostic tests that are highly predictive such as cardiac catheterization.  

Women ages 40 to 89 years that had not previously had a diagnostic cardiac 

catheterization and were scheduled for an elective outpatient procedure were asked to participate. 

A convenience sample of 166 women completed a structured interview using the McSweeney 

Acute and Prodromal Myocardial Infarction Symptom Survey to explore prodromal symptom 

presence. Women underwent a catheterization procedure to quantify CAD.  To address the major 

hypothesis of the study, analysis of frequency (chi-square test) was used to determine the 

difference in proportion of variables measured on nominal and ordinal scales between the two 

groups of subjects diagnosed with CAD or without it.  The t-test was utilized to find the 

difference in mean of the variables measured on interval or ratio scales between the two groups.  
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For simultaneous testing of hypotheses, the Bonferroni method for controlling the overall error 

rate was used. Logistic regression analysis was used to explore the potential differences in 

possible predictor variables between those who had CAD from those who did not. 

Results of the logistic regression analysis indicated that subjects with one or more of the 

following; tingling of the hand or arms, were diabetic, had a history of thyroid disease or who 

had experienced menopause onset had higher odds of facing severe CAD.  
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CHAPTER 1 
INTRODUCTION 

Cardiovascular heart disease (CHD) in women is a global health and economic problem.  

CHD is America's number one killer of women and men (American Heart Association, 2008). 

Currently, the American Heart Association (AHA) (2008) estimates that 7.3 million women 

living today have a history of myocardial infarction (MI), angina pectoris or both. The AHA 

(2008) estimates that 1.2 million Americans will have a new or recurrent MI this year. 

More women than men die of CHD every year in the United States (AHA, 2008). Despite 

a well-documented recent decline of 17% in cardiovascular mortality in women for the year 

2007, CHD remains the leading single cause of death (Mosca et al., 2007). The morbidity 

connected with CHD is also substantial. Although an estimated 1.2 million people will 

experience a MI, many more will be hospitalized for evaluation and treatment of angina and 

chest pain syndromes (AHA, 2008). The AHA (2008) estimates that more than 403 billion 

dollars per year are spent on the healthcare of patients suffering from CHD. However, beyond 

the need for hospitalization, countless men and women troubled with chest pain syndromes are 

unable to perform normal activities of daily living, thereby experiencing a reduced quality of life 

(Bourassa et al., 2000). Published data from the Bypass Angioplasty Revascularization 

Investigation (BARI) states that approximately 30% of patients never return to work following 

coronary artery bypass or percutaneous coronary intervention (Bourassa et al., 2000). This report 

validates the pervasive clinical impression that CHD continues to be linked with substantial 

patient morbidity regardless of the decline in cardiovascular mortality. The enormity of the 

problem can be simplified : CHD affects millions of Americans, with annual costs that are 

measured in hundreds of billions of dollars (AHA, 2005b). 
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Several reports indicate that women who suffer with CHD are not treated as aggressively, 

have worse outcomes and have significantly higher mortality rates than men (Gibbons et al., 

1999; Kosuge et al., 2006; McSweeney, Cody, & Crane, 2001; Omran & Al-Hassan, 2006; Shaw 

et al., 2008). A survey by the AHA (2005b) found that a mere 13% of women believe the major 

component of CHD, coronary artery disease (CAD) is a significant health threat. Estimates are 

that less than 30% of women have discussed CAD with their primary healthcare provider (Jones, 

Edwards, Vallis, Ruggiero, & al, 2003). As the age of the general population rises and as 

comorbidities such as diabetes, hyperlipidemia and obesity escalate in the general population, 

women are at risk more than ever before (National Institute of Health, 2004). In response to the 

mounting dangers of CAD in women, organizations such as the AHA have partnered with public 

health officials to launch nationwide campaigns to raise awareness related to the danger of CAD 

for women (National Institute of Nursing Research, 2004).  

The scientific community has been busy attempting to demystify the unique ways in 

which CAD manifests itself within a woman's body. From an anatomical viewpoint, a woman's 

and a man’s heart have no differences. However, the warning symptoms of CAD in men and 

women are very different (DeVon, Ryan, Ochs, & Shapiro, 2008; McSweeney et al., 2001; 

Norris, Hegadoren, Patterson, & Pilote, 2008). Men typically present with the classic symptoms 

of MI such as shortness of breath, chest pain and pressure radiating to the jaw and down the left 

arm (Gibbons et al., 1999). McSweeney and colleagues report that women rarely feel chest ; 

sensation at all, and that their symptoms are often more covert or subtle such as fatigue, 

indigestion, back pain, shortness of breath or just an unwell feeling (McSweeney et al., 2001; 

McSweeney et al., 2003; McSweeney & Crane, 2000; Zuzelo, 2002). These less impressive, 

unclear, subtle symptoms often do not lead healthcare professionals to further investigate CAD 
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in women (Miller, 2002). The absence of considerable chest pain or pressure in women may be 

the significant factor that women have more unrecognized MI than men (Miller, 2002). 

Primary healthcare providers in the know are only now beginning to educate their peers 

to the differences in presentation of CAD between men and women (McSweeney et al., 2001; 

McSweeney et al., 2003; McSweeney & Crane, 2000; Miller, 2000). In 2003, McSweeney and 

colleagues reported that women who had been diagnosed with a MI, experienced symptoms such 

as fatigue or sleep disturbances as much as one month prior to the event, demonstrating the 

likelihood that by quickly acting on these early warning symptoms healthcare providers may 

thwart a looming MI. This seminal study assessed prodromal (early warning) symptoms that 

might be harbingers of MI.   

The researchers employed the McSweeney Acute and Prodromal Myocardial Infarction 

Symptom Survey (MAPMISS), a survey instrument developed to assess the presence of 37 acute 

and 33 prodromal symptoms identified by women in previous studies (McSweeney, O'Sullivan, 

Cody, & Crane, 2004). McSweeney defines prodromal symptoms as sensations that are new or 

vary in frequency, intensity or duration preceding the MI. Approximately 95% of women 

reported having new or variable symptoms up to one month prior to MI. This finding led 

McSweeney and colleagues (2003) to surmise that these prodromal cardiac symptoms were 

associated with the ensuing MI. The 5 most reported prodromal symptoms were 

• Tiredness/ unusual fatigue : 70% 
• Sleep disturbance/insomnia : 48% 
• Dyspnea/ shortness of breath : 42% 
• Gastric reflux/ indigestion : 39%  
• Apprehension/anxiety: 35% 

 
In the study, a mere 30% of women complained of chest discomfort of any type prior to MI. 

Women expressed the discomfort in ambiguous terms such as an aching, tightness and pressure, 
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but excluded the adjective pain. The report has made the case that women must be well-informed 

that the manifestation of any new onset symptoms no matter how vague, may be related to CAD 

and should seek out medical care to establish the source of the symptoms, particularly in the 

presence of known CAD risks such as smoking, hypertension, hyperlipidemia, diabetes, obesity 

or a familial history of CHD (McSweeney et al., 2003). 

McSweeney and colleagues (McSweeney & Crane, 2000) earlier found that women could 

identify an assortment of symptoms that they had experienced prior to their MI but had 

disregarded the symptoms or received an incorrect diagnosis when they went for medical 

treatment. Compounding and confusing the problem of symptom identification are two factors. 

First, women often present with multiple symptoms and are extremely vague in the description 

of symptoms to healthcare providers (Miller, 2000). Second, countless women ignore their own 

health condition citing family responsibilities as the reason (Zuzelo, 2002). 

The internal expression of women's CAD is deceptive to healthcare providers. In CAD, 

men and women build up coronary plaque; however, CAD in women often manifests itself in a 

more diffuse pattern (Kruk et al., 2007; Sheifer, Arora, Gersh, & Weissman, 2001). Instead of 

forming discrete lesions, women’s plaque is more uniform along the entire length of the vessel 

lining(Sheifer et al., 2001). These more diffuse disease patterns angiographically present as small 

coronary vessels and not as diseased vessels. Women who suffer with angina or a MI are more 

apt than men suffering the same circumstances to have only moderate or more evenly spread 

blockages in their four major coronary arteries (Eagle et al., 2004). Women often do not present 

with one severe discrete stenosis in the coronary artery. Meaning that in women, symptoms are 

probably caused by blockages in smaller, less flexible and accessible coronary arteries (Kruk et 
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al., 2007).  These differences in plaque formation may well explain some of the dissimilarity in 

the approach of treatment between men and women with CAD.  

Noninvasive cardiac diagnostic tests such as electrocardiograms (EKG) and exercise or 

nuclear stress tests that identify ischemia are not as predictive in women (50%) as in men (90%) 

(D'Antono, Dupuis, Fortin, Arsenault, & Burelle, 2006; DeCara, 2003). In Exercise Tolerance 

Testing, ST-segment response does not predict future risk for CAD events in women (Fowler-

Brown et al., 2004; Mora et al., 2003).  Low exercise capacity, along with low heart rate recovery 

after exercise, is the best independent predictor of death from CAD (Fowler-Brown et al., 2004). 

Instead of diagnosing CAD, indeterminate or false negative diagnostic tests lead primary 

healthcare providers to incomplete or incorrect diagnosis.  This fact, combined with a woman's 

inclination to assess improperly their risk and interpret their symptoms, will often result in health 

tragedies that are preventable (Lockyer, 2005; Ruston & Clayton, 2007).  

Another obstacle that women face in the cardiac healthcare arena, is that women are often 

prescribed or receive less appropriate CAD drugs such as cholesterol-lowering medications, 

devices like pacemakers/defibrillators or angioplasty/intracoronary stents after a diagnosis of 

heart disease is established (Enriquez, Pratap, Zbilut, Calvin, & Volgman, 2008; Omran & Al-

Hassan, 2006; Shaw et al., 2008). When compared, men and women with equivalent rates of MI, 

women were less apt to receive aggressive drug therapy (Carruthers et al., 2004; Omran & Al-

Hassan, 2006; Shaw et al., 2008). In view of the fact that women’s dominant coronary vessels 

are more prone to contain only moderate CAD angiographically, women are frequently sent 

home from the hospital with an incorrect diagnosis and with a less aggressive therapeutic 

medication regimen subsequent to experiencing CAD symptoms (Carruthers et al., 2004; Eagle 

et al., 2004). This aberrancy may elucidate the mysterious inequality among the rate of 
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angioplasty and bypass surgery performed after a severe stenosis is diagnosed during angiogram 

between genders. Eagle and colleagues (2004) evaluated data in records from over 10,000 

patients and found that in women and men whom had comparable CAD; women were prescribed 

and administered aspirin, and beta-blockers less frequently, common medication therapies which 

often avert a future MI. 

CAD characteristically affects women postmenopausal beginning in their late 50s, 10 

years later than it typically affects men (AHA, 2005a; Kosuge et al., 2006).This possibly 

accounts for why women have worse outcomes and have significantly elevated mortality rates 

post MI (AHA, 2005b, 2008).The key to improving rapid identification of CAD in women is 

through careful cardiac evaluation of women with known cardiac risk factors and by 

acknowledging less anticipated symptoms (Arslanian-Engoren et al., 2006; King & McGuire, 

2007).  

The consequence of healthcare providers not being in tune with the varied symptom 

presentation that women may have can not be overstated. Roughly 50% of women will die of 

some form of heart disease which is two times more than the number of women who will 

succumb to cancer of all types, including breast cancer in the United States (AHA, 2005a, 2008). 

While the specific value of prodromal symptoms in predicting an impending MI is unclear, the 

emergence of prodromal symptoms, in combination with women's typical CAD risk factors, 

might aid healthcare providers in determining if women should be referred for invasive 

diagnostic tests with high predictive value such as cardiac catheterization.  

In summary, research related to the prodromal symptoms that women frequently 

experience with MI is progressing; however, an obvious conclusion is that women's symptoms 

vary from what they anticipate. Traditional diagnostic tests such as EKG and exercise stress tests 
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used to predict CAD in men are not as predictive in women (D'Antono et al., 2006; DeCara, 

2003). Furthermore, a bias against women in the treatment of CAD has been suggested for quite 

some time, and in fact, research does demonstrate a bias against women receiving aggressive 

therapies related to CAD (Carruthers et al., 2004; Eagle et al., 2004; Shaw et al., 2008). To date, 

the prodromal cardiac symptoms of women prior to cardiac catheterization and MI have not been 

fully investigated. Given the magnitude of this problem, the need for further research is evident.  

McSweeney and colleagues (2004) have provided the medical community with a vast 

array of clues to solving the mystery of CAD in women, however, the list of 33 prodromal 

symptoms are so overwhelming that it becomes difficult for healthcare providers to focus on 

which symptoms or groups/clusters of symptoms could possibly predict CAD in women with a 

high degree of accuracy. The need to define the relationship that prodromal symptoms 

experienced by women have to one another as well as the relationship to CAD must be explored. 

A unique opportunity has become available to explore theses relationships within the cardiac 

catheterization setting.  Thus, the proposed exploratory research question for this study is: Do 

women's prodromal cardiac symptoms discriminate for coronary artery disease as evidenced by 

cardiac catheterization? 

• Aim 1: Examine the potential differences in women’s prodromal cardiac symptoms 
between those that have CAD and those that do not by assessing symptom presence prior 
to cardiac catheterization and quantifying CAD in the cardiac catheterization laboratory 
setting. 

o Hypothesis 1: There are differences in women’s prodromal cardiac symptoms 
between those that have CAD and those that do not. 

• Aim 2: Determine a prodromal cardiac symptom or a cluster of prodromal cardiac 
symptoms that can be most helpful to healthcare professionals in identifying women who 
are at-risk of having CAD. 

o Hypothesis 2: A prodromal cardiac symptom or a cluster of prodromal cardiac 
symptoms will discriminate between those women who have CAD and those that 
do not. 
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CHAPTER 2 
LITERATURE REVIEW 

Introduction 

Over the past two decades an increasing amount of research involving the experiences of 

women concerning CHD has been done. Research studies have focused on the gender differences 

of symptom identification, symptom perception, clinical presentation, risk factors and linguistic 

expression during the prodromal and acute phases of CAD. The current body of literature has 

shed light on the differences of gender presentation highlighting the female perspective and 

experiences of CAD. However, a need exists to determine how cardiac prodromal symptoms 

differ for women and the clinical implications that this information can provide.  

This review of the literature will examine the current knowledge of women’s cardiac 

prodromal symptoms. A literature search was used to select research studies reporting cardiac 

symptoms and including women, between 2000 and 2008. The research studies included were 

identified by a search of the PubMed database for the specified years. The studies included 

samples of adult women patients with cardiac disease reported in refereed journals. Only journal 

articles available in English were reviewed. The key terms searched were prodromal symptoms, 

cardiac symptoms, symptom presentation, symptom perceptions, gender differences, sex 

differences, women’s interpretation, women’s descriptions and women's symptoms. The 

objective of this literature review was to explore the available evidence on CHD and CAD 

symptoms in women.  

During 1997- 1999 a flurry of studies were published that compared symptoms between 

genders and found apparent differences particularly among women (Goldberg et al., 1998; 

Hochman et al., 1998; McSweeney, 1998; Meischke, Larsen, & Eisenberg, 1998; Meshack, Goff, 

& Chan, 1998; Penque et al., 1998). In 2002, Christine Miller published a comprehensive 
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integrative literature review and meta-analysis that examined these studies. While each study 

investigated a unique population and in different settings, the common theme present in all the 

1997-1999 studies was that they investigated the primary (not yet prodromal) symptoms of heart 

disease in women. Four quantitative studies reported chest pain to be the most frequently 

reported initial symptom followed by order of frequency either shortness of breath or fatigue 

(Goldberg et al., 1998; Meischke et al., 1998; Meshack et al., 1998; Penque et al., 1998). Miller 

(2002) postulated that while chest pain was the most frequently reported symptom in these 

studies most likely it was the most frequently identified symptom. McSweeney (1998) in a 

qualitative study interviewed 20 women after they suffered a MI. She found that the symptoms 

of breaking into a cold sweat and having a feeling of an unrelenting unusual fatigue were the 

most common symptoms in her sample (McSweeney, 1998). Women often experienced this cold 

sweat and fatigue or other atypical symptoms such as pain in the back, both arms and the left 

breast for 2 to 4 weeks prior to the MI. McSweeney (1998) also reported that only 30% of the 

women experienced significant chest pain and that 25% of the women in her analysis never 

experienced any chest pain at all. 

Included in the review were two studies that investigated predictors of cardiac disease in 

women. Jadin and Margolis (1998) reported that the overall best predictor of CHD in women 

was age. Vaccarino and colleagues indicated that co-existing comorbidities such as diabetes, 

congestive heart failure, and stroke were more prevalent in women with CHD concluding that it 

was only logical that later onset of disease processes coupled with comorbidities would 

invariably impact the nature and recognition of symptoms (Vaccarino, Parsons, Every, Barron, & 

Krumholz, 1999). Miller (2002) suggested that as a result of the aforementioned studies in the 

review that there may be underlying physiological, pathophysiological and anatomical reasons 
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for the varied clinical and symptom presentation of women. She implied that anatomically 

women are smaller in stature overall, have smaller hearts and smaller coronary vessels which 

contributes to the altered physiological and pathophysiology presentation of disease (Miller, 

2002). Miller (2002) also addressed the implications for practice by pointing out that it was not 

surprising that women did not fit the current diagnostic model for CHD that was built on 

research of men.  

There continues to be an expansion of the body of knowledge of symptom experiences of 

women with CHD (Miller, 2002). Miller (2002) concluded that the distinctive physiological, 

pathophysiological and anatomical differences among men and women had raised the bar for 

researchers. It has become essential that researchers be able to find a way to differentiate the 

unique symptom experience of women leading to improvements of early recognition and overall 

improved health status (Miller, 2002). 

Women’s Symptoms Quantitative Studies 

 Previous studies has implicated age as a promising source for the symptom differences 

between genders (Jadin & Margolis, 1998; Miller, 2002). Then and colleagues (2001) performed 

a systematic retrospective chart review of symptom differences of men (n=105) and women 

(n=48) in three acute care hospitals to determine symptom trends in subjects that had been 

diagnosed as suffering a MI. Subjects were stratified into three age groups 35-64, 65-75 old and 

>75 years old. Then (2001) found that the age group that reported the highest percentage (n = 6, 

40%) of atypical symptoms were women in the group 65-75 years old (n=15).  

Atypical symptoms experienced by the sample included indigestion, shortness of breath, 

abdominal pain, nausea, vomiting, diarrhea, and feeling ill (Then, Rankin, & Fofonoff, 2001). 

Typical symptoms experienced by the subjects of this study were chest pain, pressure, 

discomfort or heaviness (Then et al., 2001). The study results indicated an increasing trend of 
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atypical symptom presentation for male subjects > 75 years old that was not the trend for 

females. The authors cautioned readers that the small sample of women may limit the 

generalizability of the study (Then et al., 2001).   

 In 2003, DeVon and Zerwic investigated gender differences of symptoms in a descriptive 

study of women (n = 50) and men (n =50) hospitalized with unstable angina (UA).  Subjects 

were approached for data collection after they had been hospitalized and pain free for 12 hours. 

Subjects were recruited regardless of their previous CHD history.   

The subjects were administered three structure instruments the Unstable Angina 

Symptoms Questionnaire, the Canadian Cardiovascular Society Classification of Angina 

instrument and the Hospital Anxiety and Depression Scale to assess the severity and location of 

the UA symptoms. Results indicated that the majority of the sample was Caucasian, had some 

high school education, earned less than $20,000 dollars per year and were married. A history of 

MI was present for 40% of the sample with approximately 50% having had a previous bout with 

angina. More women than men were diabetic (46% vs. 34%) were hypertensive (80% vs. 56%) 

and had high cholesterol (72% vs. 68%). Women of the sample significantly reported more 

shortness of breath, difficulty breathing, weakness, nausea and loss of appetite as symptoms than 

men. Women also reported statistically significant more pain in the upper back than men (42% 

vs. 18%) of a stabbing or knifelike quality (DeVon & Zerwic, 2003). The authors concluded that 

men and women often experience comparable symptoms dung UA, women experience more 

atypical symptoms. 

Kimble and colleagues (2003) reported a descriptive study that assessed the gender 

differences of the pain characteristics and physical limitations between men (n = 89) and women 

(n = 39) with chronic stable angina (CSA). Subjects were identified from chart review at 
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physician offices that had a history of CHD and positive score on the Rose questionnaire as a 

screening for angina. Subjects were excluded if they had experienced a MI, coronary artery 

bypass surgery (CABG) or percutaneous coronary intervention (PCI) within six months of the 

study. Subjects were administered the short-form McGill pain questionnaire to assess pain 

dimensions and the physical limitation subscale of the Seattle angina questionnaire to assess 

physical activity limitation (Kimble et al., 2003).  

Results indicated that women were slightly older than men (mean 64.1 years vs. mean 

62.8 years), were more often diabetic (35.9% vs. 32.6%) and experienced less history of MI, 

CABG and PCI. Overall, men reported a greater pain dimension score for the descriptor of heavy 

tiring-exhausting sensation and women reported more intensity of tiring-exhausting and aching 

sensations and for the descriptor of hot-burning and tender. Women also, reported a greater 

physical limitation when angina was involved. Kimble concluded that men and women with 

CSA have more similarities than differences in the characteristics of pain with the exception of 

women having significantly more hot-burning and tender sensations. The authors believed that 

the description of tender was a unique finding to women when describing chest pain and 

warranted further exploration (Kimble et al., 2003). 

 In the report of a descriptive study, Granot and colleagues (2004) assessed gender 

differences of perceptions of pain symptoms among men (n =32) and women (n = 29) with UA. 

Characteristics of chest pain were described by hospitalized subjects using a semi-structured 

questionnaire that evaluated the intensity, duration and location of chest pain. Precipitating 

events and factors that relieved pain were also explored. 

 Results of the study indicated that 58% of the sample had a history of CAD with no 

statistical difference between genders. Women reported significantly more intense pain than 

22 



men. Women located pain more inn the stomach, jaw and back, whereas men had more chest 

pain. More women than men described their pain as pressure (84% vs., 37%). There were no 

significant differences between men and women in the events that provoked of factors that 

relieved chest pain however, women reported that rest reduced chest pain more often. Both men 

and women reported shortness of breath as the most frequent symptom. The authors concluded 

that women more often described a portrait of chest pain that was atypical and more intense in 

character (Granot, Goldstein-Ferber, & Azzam, 2004). 

 In a study that evaluated gender differences and similarities of men (n = 1258) and 

women (n = 683) presenting with acute coronary syndrome (ACS), Arslanian-Engoren and 

colleagues (2006) offered results from the ACS registry at the University of Michigan. 

Researches extracted information retrospectively from patient charts diagnosed with ACS 

regarding demographics, presentation, symptoms and comorbidities. Data was analyzed using 

chi-square for categorical variables and t-test for continuous variables. Logistic regression was 

used to create odds ratios for predictor variables (Arslanian-Engoren et al., 2006). Subjects were 

stratified by gender and age (<65 and ≥ 65years). 

 Results indicated that 72% of those in the study had a confirmed MI and 28% had UA.  

Women in the older age group were more likely than men of the same age group to be obese and 

have hypertension and less likely to smoke. Rates for MI, positive stress test and angina were 

equivalent but men were more likely to have had PCI and CABG surgery. Both men and women 

in the older age group were more likely to have a ST- segment elevated myocardial infarction 

(STEMI). There was no significant difference in the type of MI between genders. Men were 

more likely to present to the hospital with the complaint of chest pain, left arm pain and 

diaphoresis. Women presented more often with nausea, vomiting, jaw pain, neck pain and back 
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pain. Shortness of breath was present as the most reported symptom of all groups. Logistic 

regression offered that age was a significant predictor of nausea and diaphoresis and not of chest 

pain, shortness of breath or of arm pain. The authors concluded that small but statistically 

significant differences are apparent between genders in age, comorbidities and with initial 

presentation and location of symptoms to the hospital for ACS (Arslanian-Engoren et al., 2006). 

 Kosuge and colleagues (2006) investigated differences in the clinical features of men (n = 

351) and women (n = 106) with STEMI. Subjects were enrolled upon diagnosis of acute 

myocardial infarction (AMI) with non-invasive methods such as EKG demonstrating ST 

segment elevation in two leads and an increase of cardiac enzymes.  Subjects were interviewed 

and asked to describe the quality, severity and location of their pain. Immediately after admission 

93% of the subjects underwent cardiac catheterization and reperfusion if appropriate.  

Data was evaluated for differences between genders using t-tests and differences in 

prevalence were assessed using chi-square tests. Results revealed that women of the sample were 

older than men (mean age 72 vs. 62). Women were also more often than men to be diabetics 

(36% vs. 26%) and hypertensive (70% vs. 56%). Men most often had a squeezing feeling (35%) 

as the quality of their chest pain whereas women had a vague indescribable (45%) quality to the 

chest pain. Women reported more jaw, neck, back and arm pain than men. Men more often than 

women reported severe (52% vs. 38%) chest pain during a STEMI. Shortness of breath was 

equal between the groups, men experienced more sweating and women experienced more nausea 

and vomiting. In both men and women the culprit vessel for onset of the STEMI was most often 

the left anterior descending artery followed by the right coronary artery. Women with STEMI 

had a significantly higher in-hospital mortality rate than men (6 vs. 0). The authors concluded 

clinical profiles and presentation are different between genders. Women presenting with STEMI 
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tend to be older than men, have more comorbidities, more atypical symptoms and higher 

mortality then men (Kosuge et al., 2006). 

To investigate gender differences in pain symptoms associated with exercise induced 

ischemia, D’Antono and colleagues (2006) recruited 38 women and 94 men to participate in a 

prospective study of subjects with both angina symptoms and a positive myocardial perfusion 

imaging study. The study excluded subjects with significant and debilitating comorbidities in 

order to exclude cofounders. Subjects were assessed for pain presence, quality, location and 

other symptom presence before and immediately after a dual stress test. Instruments used for 

assessment included the Dermatome Pain Map, a Symptom checklist, the short-form McGill Pain 

Questionnaire, the Chest Pain Quality Scale, The Canadian Cardiovascular Society grading scale 

for angina pectoris and the Psychiatric Symptom Index.  Medical assessment for ischemia was 

performed by a board certified nuclear imaging cardiologist reading the dual stress test a giving a 

clinical impression (D'Antono et al., 2006). 

Results revealed that there was no significant difference in age between the men and 

women and that while not significant women (37%) had less than a high school degree. Less 

women than men had diabetes (5% vs. 21%) and hypertension (40% vs. 50%). More women than 

men had thyroid dysfunction (18% vs., 4%). Women rated pain as more intense on the McGill 

Questionnaire than men including class IV angina (28% vs. 23%) (D'Antono et al., 2006). 

Women reported experiencing more hot-burning, stabbing or pressing pain than men. Women 

reported more pain in the neck/throat area and men had more right chest/shoulder and middle 

right chest pain. The most common symptoms for both genders were shortness of breath and 

fatigue. Women complained of more nausea, palpitations, trembling and numbness in the face 

and throat. Post hoc analysis comparing symptoms to dual stress test imaging results indicated 
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that women with more severe imaging ischemia had more atypical symptoms such as a 

throbbing, tight chest pain and numbness in the arms explained 48% of the variance. The authors 

suggested that small differences in the symptoms associated imaging studies exist. The real 

danger is in the way women express the symptoms that they have with ischemia making them 

more prone to misdiagnosis and delayed treatment (D'Antono et al., 2006).  

Omran and Al-Hassan (2006) using a descriptive comparative study investigated the 

gender differences of signs and symptoms of presentation in Jordanian men (n = 57) and women 

(n = 26) subjects with MI. Subjects were enrolled in the study while hospitalized if they had been 

diagnosed with an MI and were hemodynamically stable.  Data was collected by chart review 

and a structured interview that focused on the initial symptom presentation. Pain intensity was 

rated using a visual analog scale. As an objective indicator of the severity of MI cardiac enzymes 

were noted. 

Results reflected that the sample mean age was 52 years and women more than men had 

less than a high school degree (69% vs. 20%). Women were significantly more hypertensive than 

men (31% vs. 14%). Among men and women chest pain was the most common presenting 

symptom. Subjects pain levels reported by the researchers from the visual analog scales were of 

moderate levels (mean 7.2, SD =2.8) (Omran & Al-Hassan, 2006). Men and women alike 

reported nausea, sweating, fatigue and general weakness as the most common symptoms with 

women reporting slightly more general weakness and sweating. Cardiac enzymes were reported 

higher in men than women (no data). The authors concluded that small differences in symptom 

presentation between men and women experiencing MI exist. These differences are subtle and 

may confuse healthcare professionals thus delaying time of treatment for women (Omran & Al-

Hassan, 2006). 
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Lovlien, Schei and Hole (2006) investigated the gender differences of the interpretation 

of patient’s pre-hospitalization AMI symptom experiences. Only first time AMI patients were 

considered. AMI was confirmed by chart review of EKG ST segment elevation in two or more 

leads. Subjects were sent by mail a questionnaire two weeks after discharge. The questionnaire 

focused on demographics and symptoms prior to hospital admission. The questionnaire was sent 

to 777 subjects, 533 responded (149 women and 384 men). 

Data was analyzed using chi-square and logistic regression techniques. Results indicated 

that women were slightly older than men (mean age 61.2 vs. 58.5). Women had more 

hypertension (38% vs. 29%) and high cholesterol (26% vs. 15%) than men. Women had less 

high school education than men (60% vs. 33%). Anterior (31% vs. 34%) and posterior (40% vs. 

31%) infarcts were the most common sites of AMI in both men and women (Lovlien, Schei, & 

Hole, 2006). Men experienced chest symptoms more often pre-hospitalization. Women were 

more likely to report nausea, shortness of breath, palpitations, fainting, scapulae, jaw, throat, and 

back pain. Lovlien (2006) concluded that women are more likely to experience an atypical 

presentation of symptoms differing from the expectation that they have. The presentation of 

atypical symptoms influences the interpretation of the symptoms often delaying care. 

King and McGuire (2007) conducted a descriptive correlational study of 30 men and 30 

women to assess gender differences of symptom presentation in subjects with AMI. Subjects 

who were diagnosed with AMI were interviewed after revascularization in the hospital. All 

subjects were interviewed using the Symptom Representation Questionnaire.  

Data analysis was performed using chi-square, t-tests and logistic regression techniques. 

Results indicated that women were statistically significantly older than men (mean age 69.9 vs. 

55.2). The sample was predominately white (88.3%). There were no significant differences 
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between men and women for diabetes, hypertension or education levels within the sample. 

Evaluation of the symptom experience among men and women indicated two significant 

differences. Women reported less pain than men in the center of the chest (56.7% vs. 90.0%) and 

more right shoulder (53.3% vs. 13.3%) discomfort. Pain descriptors did not differ between the 

genders. Associated symptoms of weakness, fatigue, diaphoresis, shortness of breath were the 

same for both genders with the exception that women reported less indigestion than men (26.7% 

vs. 50%) (King & McGuire, 2007). Approximately 42% of the subjects in the study reported that 

the symptoms that were experienced were not what they expected. The pain was less than 

expected in 61.9% for the sample and 38.1% reported the location of the pain was different from 

anticipated.  King (2007) concluded that there were minimal differences between genders in 

symptom presentation. She commented that it was more likely that the difference in expected 

symptoms of AMI and experienced symptoms was the factor that was most dangerous to both 

genders. 

Women’s Symptoms Qualitative Studies 

Several qualitative studies have explored women's symptom experiences (DeVon et al., 

2008; McSweeney et al., 2001; McSweeney et al., 2003; McSweeney & Crane, 2000; Miller, 

2000; Norris et al., 2008; Philpott, Boynton, Feder, & Hemingway, 2001; Ruston & Clayton, 

2007; Ryan & Zerwic, 2004; Sjostrom-Stranda & Fridlund, 2007). Miller (2000) presented data 

from a grounded theory study of women with heart disease that provided subjective symptoms 

experienced by 10 women with cardiac disease who ranged in age from 40 to 78 years old. 

Women with different medical diagnosis and length of illness were included (five Caucasian, 

four African American and one Latina). Diagnosis included MI, congestive heart failure and 

angina. Shortness of breath, swelling, fatigue, and weakness were more common in this group 

although several reported experiencing mild chest discomfort. Several women prior to cardiac 
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diagnosis indicated feeling too weak or tired to complete usual daily tasks. This study concluded 

that healthcare seeking behavior is prompted by cardiac cues, which include the nature and 

severity of embodied symptoms. 

In a qualitative study McSweeney and Crane (2000) identified symptoms women 

experienced prior to and during an AMI. The nonprobability sample for this descriptive 

naturalistic study consisted of 40 women. Using content analysis and constant comparison, the 

researchers identified specific symptoms and grouped them according to time of occurrence, 

prodromal and acute. Thirty-seven women experienced prodromal symptoms, beginning from a 

few weeks to 2 years prior to their AMI and ranging from 0 to 11 symptoms per woman. The 

most frequent prodromal symptoms were unusual fatigue (n = 27), discomfort in the shoulder 

blade area (n = 21), and chest sensations (n = 20), whereas the most frequent acute symptoms 

were chest sensations (n = 26), shortness of breath (n = 22), feeling hot and flushed (n = 21), and 

unusual fatigue (n = 18). Only 11 women experienced severe pain during their AMI. Conclusions 

of this study offered by the authors are threefold: (a) women identified classic and unique 

symptoms of AMI, which challenge the content of current literature; (b) women experienced a 

gradual progression of number and severity of AMI symptoms; and (c) women need sufficient 

time to recognize the prodromal symptoms of their AMI. 

McSweeney and colleagues (2001) presented a study based on interviews of 76 women 

who discussed women’s symptoms prodromal and acute that were associated with an MI 

experienced in the previous year. Sixty-eight out of the 76 women had experienced prodromal 

symptoms that included fatigue (70%), dyspnea (53%), and pain in the upper back or shoulder 

blade (47%). All 76 women reported acute symptomology to include chest pain/discomfort 

(90%), fatigue (59%), dyspnea (59%), and upper back discomfort or shoulder blade pain (42%). 
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Despite the fact that women had reported several prodromal symptoms, none were given a new 

diagnosis of CAD prior to their MI. The authors suggested from their findings that a need for 

healthcare practitioners to become more acutely aware of and take a more extensive approach 

when assessing women at risk for CAD is evident.  

McSweeney and colleagues (2003) reported a study of 515 women from five research 

sites, that described the prodromal and AMI symptoms that they experienced. The research team 

administered the MAPMISS, to assess women about their symptoms, comorbidities, and 

demographic characteristics post MI. The sample was principally white (94%), high school 

educated (55%), and older (mean age, 66), with 95% (n=489) reporting prodromal symptoms. 

The prodromal symptoms reported were fatigue (71%), problems sleeping (48%), and dyspnea 

(42%). Only 30% reported chest discomfort, the distinctive symptom of MI in men. The most 

frequent acute symptoms reported were dyspnea (58%), weakness (55%), and fatigue (43%). The 

symptom of acute chest pain/discomfort was not reported by 43% of the women. The more 

women reported prodromal symptoms experienced the more the rise in acute symptoms were 

reported. Prodromal scores on the MAPMISS accounted for 33% of the acute symptoms. The 

authors concluded that most women experience prodromal symptoms before an AMI and the 

issue remains unclear if prodromal symptoms are able to predict potential CHD events. 

Lockyer (2005) conducted a semi-structured interview of 29 women who had been 

admitted to and discharged from the coronary care unit. The goal of the study was to examine 

each woman’s own interpretation of the presenting symptom had experienced in relation to the 

onset of CHD (Lockyer, 2005). Narrative analysis was used analyze the interviews. The mean 

age of the 29 women was 69 years.  
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Results revealed that 3 women in the study had no symptoms until the day of their MI 

and that the women identified the initial symptom as what was labeled by the researchers as 

acute chest pain. Several women (no number given) reported tingling in the arms, jaw pain, chest 

tightness and heaviness as the presenting symptom labeled by the researchers as undifferentiated 

chest pain. Most women reported ignoring the symptoms or self medicating to ease the pain for 

several months before seeking medical attention. The most common presenting symptom was 

breathlessness on exercise for several weeks or months. The majority of subjects with this 

complaint only sought medical attention when they were incapacitated Many of the women in 

the study believed that breathlessness in its evolving stage to be a normal part of the aging 

process (Lockyer, 2005).  

Lockyer (2005) stated that many women delayed seeking help out of social obligation to 

their family and only accessed healthcare systems after family and friends encouraged them to 

see their primary physician. She concluded that women were often unable to distinguish cardiac 

symptoms from symptoms of aging being fatigued or being unfit. Lockyer (2005) emphasized 

the need for further research to examine early warning signs of cardiac disease to decrease 

morbidity and mortality in women.   

Albarran and colleagues (2006) performed a qualitative study using a semi-structured 

interview of 12 women to explore the cardiac symptom experience prior to MI. Hospitalized 

subjects were chosen based on a rise in cardiac enzymes with or without ST elevation on EKG. 

Content analysis was used to code and deconstruct the interviews for emerging themes.  

 Results revealed that the mean age of the subjects was 63 years. None had a history of 

previous MI. Eight of the 12 women experienced STEMI. The fundamental nature of the 

symptom experience for the women emerged as three distinct themes (Albarran, Clarke, & 
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Crawford, 2007). First, gradual awareness of symptoms was reported from over a few days, up to 

several weeks. The most common symptom associated with gradual onset was shortness of 

breath without exertion. Other common symptoms were a chest heaviness and frequent 

indigestion. Secondly, rationalizing of symptoms was an emerging theme. Women with chronic 

comorbidities often attributed the new symptoms to old disease diagnoses. Other women often 

blamed the new symptoms as a normal part of the aging process. Finally, women experienced an 

unpredictable distribution of pain. Pain was reported as varying, vague and unexpected. 

Common locations of pain were the back, neck, upper arms, hands and stomach. Many women 

(10/12) experienced nausea and vomiting as the most common symptom for these women with 

MI.  

The authors concluded that the presentation and location of cardiac symptoms are 

untraditional. Women experiencing a MI have difficulty interpreting cardiac symptoms of MI 

due to the unanticipated and atypical nature of the symptoms. A danger for women is the 

continued reliance by healthcare providers on symptom presentation as the primary clinical 

impression for decision making regarding coronary ischemia (Albarran et al., 2007).  

In 2007, Ruston and Clayton reported the results of a study that examined the effect of 

comorbidities on the interpretation of cardiac symptoms by women (n = 44) experiencing a 

cardiac event. Semi-structured interviews were conducted and subjects were stratified into two 

groups, those (n = 20) that presented to the hospital <12 hours of symptom onset and those (n = 

24) that presented to the hospital >12 hours after symptom onset. Interviews were conducted 

during hospitalization for the cardiac event. Constant comparison method was used to analyze 

the interviews. Results for the <12 hour group indicated that 14 of the 20 subjects had a known 

history of CHD. Comorbidities including emphysema, bronchitis, anemia and arthritis were 
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present for 14 of the 20 subjects in this group. Only 2 subjects reported experiencing any early 

symptoms both complained of fatigue. None of the subjects reported having symptoms that were 

associated with or that they could attribute to their comorbidities. Results for the >12 hour group 

indicated that 5 of the 24 subjects had a known history of CHD. Comorbidities of a non-cardiac 

nature were present for 22 of the 24 subjects in this group. The majority of subjects reported 

having a least one symptom that could be attributed to a comorbid illness and 20 subjects 

reported experiencing early unusual vague symptoms up to 72 hours prior to hospitalization 

(Ruston & Clayton, 2007). 

During analysis common threads of symptom cues or mental triggers that the subjects 

used to assess their symptoms became apparent. Women in the <12 hour group were able to 

distinguish cardiac symptoms that were new from usual comorbid symptoms by experience of 

CHD and further to qualify them as dangerous and requiring attention. Women in the >12 hour 

group were unable to distinguish cardiac symptoms that were new from usual comorbid 

symptoms due to a lack of experience with CHD. Women in the >12 hour group attributed new 

symptoms to an escalation of their comorbid illnesses (Ruston & Clayton, 2007).  

Ruston and Clayton (2007) stated that symptom recognition by the <12 hour group was a 

process of comparison and differentiation that led women to come to the conclusion that an 

emergent cardiac event was taking place prompting them to seek medical attention. Women of 

the >12 hour group lacked experience with CHD prompting them to a normalization of the 

symptoms into the typical advancement of symptoms of their comorbid illness. The authors 

concluded that symptom interpretation is a product of experience and the repertoire of 

knowledge that allows women correctly to assess symptoms of CHD from those of chronic 

comorbid illness.  
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Sjostrom-Stranda and Fridlund (2007) conducted an explorative and descriptive designed 

research study to examine the symptoms that women experienced and the reasons for delay in 

treatment. An interview guide was constructed by the authors based on literature review and the 

experiences of critical care nurses whom worked in the cardiac unit.  The interviews focused on 

the women’s understanding of their symptoms. Interviews were conducted on women (n = 19) 

after hospitalization for a MI and prior to hospital discharge. The interviews lasted 

approximately one hour and included open ended questions such as: Describe the symptoms of 

your heart attack? At the time how did you interpret these symptoms? The interviews included 

several follow-up questions to further elucidate the answers to the initial questions (Sjostrom-

Stranda & Fridlund, 2007). 

Data analysis was performed using content analysis. Results indicated that women 

described the pain associated with the MI in different ways. Some women described an acute 

pain that came on suddenly, was very painful as pressure in the chest. Some women described 

left arm and scapula pain over the entire back that was intense and made it difficult to breath 

(Sjostrom-Stranda & Fridlund, 2007).  Other women stated that the pain or discomfort in the 

throat and shortness of breath would come and go for 10 to 14 days prior to their hospitalization 

for the MI.  

Most women had trouble interpreting the symptoms as cardiac even though many of them 

had strong family histories of CHD or CAD. Many believed that they were too young to 

experience a MI. Several had the belief that they had developed a healthy lifestyle and were thus 

immune to the risks of CHD (Sjostrom-Stranda & Fridlund, 2007). 

An interesting finding of the study was that while many women did not recognize the 

cardiac related symptoms as dangerous, the pain or discomfort caused anxiety. In turn the 
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anxiety exacerbated the pain and vice versa. The symptoms were often perceived as severe when 

they were associated by the women with anxiety. Subsequently, women would consult family 

and friends about the anxiety and be referred to the medical center for help (Sjostrom-Stranda & 

Fridlund, 2007). 

Sjostrom-Stranda and Fridlund (2007) concluded that women had difficulty interpreting 

the symptoms of MI if they had not experienced one prior. That many women delay seeking 

treatment because the do not anticipate the risk that may be in or that they may experience 

prodromal or atypical symptoms. In order to overcome the potential catastrophic consequences 

associated with MI women need to be made aware of the clinical symptoms that they may 

experience.  

Devon, Ryan and Ochs (2008) conducted a structured interview study of 256 subjects 

(144 men and 112 women) to assess the differences between genders in type, severity, location, 

and quality of reported symptoms. Subjects that presented to the emergency department were 

categorized into one of 3 acute coronary syndromes (ACS) (unstable angina, non ST-segment 

elevated MI and STEMI). Results concluded that women regardless of the category they were 

admitted to were significantly more likely to report numbness in the hands/arms, indigestion, 

fatigue, palpitations, and nausea. However, both women and men reported similar chest 

pain/discomfort episodes. The authors concluded that while a difference in the expression of 

atypical symptoms exists, the issue is unclear if the atypical symptoms are clinically significant 

(DeVon et al., 2008). 

Norris and colleagues (2008) conducted a pilot study that investigated the differences in 

gender presentation of prodromal symptoms of ACS. The researchers employed the MAPMISS 

to perform a structured interview of 24 women and 52 men. Results suggested that women 
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reported more prodromal symptoms than men. Premenopausal and perimenopausal women 

reported more prodromal symptoms than menopausal women and men. The researchers 

concluded that both men and women do report prodromal symptoms, although women report 

significantly more and menopausal status plays a role (Norris et al., 2008). 

Women’s Symptoms Mixed Method Studies 

Few mixed method studies have explored women's symptom experiences (Philpott et al., 

2001; Ryan & Zerwic, 2004; Vodopiutz et al., 2002). Philpott and colleagues (2001) reported 

results from a mixed method study that examined if language differed in the expression of 

symptoms between genders in subjects with chronic stable angina after angiography. Content 

analysis of a free text answer to an open ended question asking what health problems or 

symptoms had been responsible for the need of an angiogram was used to obtain how men (n 

=104) and women (n = 96) described the symptoms that they had perceived (Philpott et al., 

2001).  Subjects also completed the Rose Angina criteria to assess chest pain. Previous 

angiograms were reviewed to quantify CAD status using one or more diseased vessels as the 

criteria.  

The sample was garnered from the Appropriateness of Coronary Revascularization 

(ACRE) study. The sample was stratified into 4 groups male, female, ≤60, >60 years of age. The 

free text answers were then coded into categories that included location of pain, character of 

pain, other symptoms and symptom qualities. Results of the free text portion of the study 

indicated that women used the words neck, throat and jaw pain in describing a location for chest 

pain when compared to men especially if the women had low physical functioning, had CAD or 

were not revascularized (Philpott et al., 2001). The researchers reported that for the Rose Angina 

criteria there was no significant difference in the intensity of chest pain between men and 

women. Women however, reported significantly less chest pain than men (Philpott et al., 2001). 
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Women were also less likely to have angiographically significant CAD (62% vs. 92%, p<0.01). 

Philpott (2001) concluded that there were differences in gender expression present in relation to 

chest pain symptoms and that these differences could influence clinical decision making. 

Atypical chest pain symptoms may cloud clinical judgment to proceed with invasive procedures 

like angiography and create delay in treatment.  

In 2002, Vodopiutz and colleagues conducted a coronary-linguistic mixed method study 

to assess the gender specific differences in symptoms of hospitalized men (44) and women (48) 

reporting chest pain as their main complaint. The researchers administered a 69 item 

questionnaire to gather demographic data, cardiac risk factors, chest pain frequency, chest pain 

descriptors, information regarding activities or medicines that brought on or relieved chest pain 

and additional symptoms present. To assess the linguistic portion of the study subjects were 

interviewed while hospitalized using a recorded semi-structured interview process. The topics of 

the open ended questions to discuss their chest pain experiences were predetermined. Interviews 

lasted 15 to 50 minutes mimicking a conventional healthcare provider interaction allowing the 

opportunity for patients to describe fully their chest pain experience (Vodopiutz et al., 2002). 

Subjects were stratified into cardiac and non-cardiac chest pain categories by chart 

review at patient discharge. Coronary disease was diagnosed if subjects had angiography or upon 

autopsy demonstrated a coronary lesion of >60% or had a nuclear or exercise tolerance test that 

was positive for ischemia. Patients were considered to have a non-coronary diagnosis if another 

disease process was discovered to be the cause during the hospitalization or if angiography or 

autopsy revealed there was no evidence of a coronary lesion of >60% or if the subject had a 

negative nuclear or exercise tolerance test (Vodopiutz et al., 2002).  
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Statistical analysis was performed only on the cardiac portion. Results indicated that 18 

women and 25 men met the cardiac chest pain criteria. Significant difference was found in 

symptoms between those that had cardiac chest and those that did not. Cardiac chest pain was 

reported to be more retrosternal (93% vs. 71%, p = 0.0078) and in the right arm (23% vs. 6%, p 

= 0.0186) and less in the back (28% vs. 51%, p = 0.0241) than non-cardiac chest pain 

(Vodopiutz et al., 2002). Women (mean 65.6 years) of the sample were older than the men (mean 

59.0 years). Women with cardiac chest pain reported more gradual onset of chest pain that was 

relieved by rest. 

Subject interview narrations were analyzed using interactional analysis. Analysis 

discovered that men offered more concise concrete descriptions of cardiac chest pain. Women 

were verbose and vague in the description of their cardiac chest pain. Vodopiutz (2002 

concluded that while gender differences do exist in the symptoms of chest pain, they are not 

specific enough to distinguish cardiac from non-cardiac origin. The stronger evidence of the 

study points to gender differences in presentation and description of symptoms to healthcare 

providers by women. This factor may explain misdiagnosis and delay of care (Vodopiutz et al., 

2002).  

Ryan and Zerwic (2004) using Q methodology, a mixed method, investigated symptoms 

that subjects at high risk for acute myocardial infarction (AMI) and their significant others 

understood  to be related AMI. After qualitative interviews were conducted of 140 AMI 

survivors, a quantitative Q sort instrument was developed by the researchers that comprised 49 

statements that described AMI symptoms in lay terms. Women (n = 22) and men (n = 31) with 

known CAD or their significant others (n = 10) were subsequently recruited and administered the 

instrument.  
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Results indicated that four factors emerged. Factor 1, traditional symptoms (respondents 

=12 men, 3 women, and 4 significant others) encompassed symptoms taught to the lay public by 

healthcare professionals and at cardio-pulmonary resuscitation classes. Symptoms focused on 

severe sustained pain. Factor 2, (respondents =7 men, 3 women, and 3 significant others) focused 

on gastrointestinal symptoms which included chest symptoms that could mimic stomach 

problems such as dullness, fullness and heaviness. Factor 3, (respondents = 4 men, 2 women, and 

0 significant others) non-specific symptoms identified as an unusual tired feeling, labored 

breathing and weakness. Factor 4, (respondents =1 men, 1 women, and 0 significant others)  a 

variation of traditional symptoms that identified other upper body parts (neck, shoulders, and 

arms) as a locus of pain and shortness of breath (Ryan & Zerwic, 2004).   

Ryan and Zerwic (2004) concluded that the symptoms that people and their significant 

others expect with an AMI are different that they expect. Furthermore, a significant difference 

between how genders expect AMI symptoms to be exists.  

Summary 

The body of research exploring the symptoms and experiences of women with CAD is 

ever increasing. Many studies have been able to illustrate that the current framework established 

for the diagnosis of CAD in men is an ill fit for women (D'Antono et al., 2006; Granot et al., 

2004; Miller, 2002; Omran & Al-Hassan, 2006). The unique presentation differences between 

women and men experiencing CSA, UA and MI make it imperative that new studies elucidate 

the unique symptoms in women presenting with cardiac disease. Countless stories of women 

whose diagnosis and treatment have been delayed because their symptoms were not immediately 

identified as cardiac abound (Arslanian-Engoren et al., 2006; Granot et al., 2004; Kosuge et al., 

2006; Lovlien et al., 2006; Shaw et al., 2008). If researchers and healthcare practitioners 

continue to look exclusively for the traditional symptoms of CAD that include mid-sternal chest 
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pain radiating to the jaw and down the left arm, women will continue to be misled about their 

susceptibility to cardiac diseases (Miller, 2002). Healthcare professionals must take their share of 

the blame for this state of affairs, in that traditional expectations and warnings regarding CAD 

are still targeted predominately to men. 

Critical to the improvement of the identification of cardiac problems in women is the 

careful screening of women with diabetes and hypertension as well as paying close attention to 

atypical symptoms on presentation. Subtle symptoms such as fatigue, shortness of breath, back 

pain and transient non-specific chest discomfort should prompt thorough assessments 

particularly in women with two or more cardiac risk factors (Miller, 2002). For healthcare 

providers ruling out CHD based simply on age, race or gender is no longer appropriate. Each 

patient should be individually evaluated based on cardiac risk profile and symptom presentation 

(Miller, 2002; Shaw et al., 2008). 

Theoretical Model 

 An exceptional way to investigate this problem is through the use of nursing theory. The 

conceptual framework that will guide this exploratory research proposal and was chosen based 

on the literature review is the Theory of Unpleasant Symptoms (TUS); a middle ranged nursing 

theory introduced by Lenz and colleagues in 1995. The TUS posits a dimensional structure for 

unpleasant sensations that reflects intensity, distress, timing and quality of symptoms or 

symptom clusters (Lenz, Suppe, Gift, Pugh, & Milligan, 1995). These unpleasant sensations 

mimic the intensity, time frame and frequency dimensions assessed on the MAPMISS. The 

relational structure of the TUS shows that symptoms arise from correlated physiological, 

psychological and situational influencing forces that result in altered functional, cognitive and 

physical performance. For the revised version of the TUS the model assumes a feedback loop 

from symptom to symptom and a possible catalyst effect of each symptom to another (Lenz, 
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Pugh, Milligan, Gift, & Suppe, 1997). This feedback loop was a serendipitous finding by 

Sjostrom-Stranda and Fridlund (2007) where pain fed anxiety and vise versa. This portion of the 

model will be tested in this research project. The major hypothesis that there are differences in 

women’s prodromal cardiac symptoms between those that have CAD and those that do not will 

be explored.  

The focus of the revised model of the TUS is to facilitate the understanding of the 

multidimensional often influential aspects underlying symptoms and symptom clusters (Parker, 

Kimble, Dunbar, & Clark, 2005). Using this framework will allow for the future translation of 

research findings into symptom recognition models that can change practice paradigms within 

the current healthcare system and optimize patient outcomes (Parker et al., 2005). The structure 

of the revised theory framework is shown in Figure 2-1. The revised model of the TUS 

emphasizes that symptoms may arise independently of other symptoms but frequently, symptoms 

are experienced concurrently (Arslanian-Engoren et al., 2006; D'Antono et al., 2006; Kosuge et 

al., 2006). The occurrence of several symptoms simultaneously is liable to have multiplicative 

effect as opposed to an additive effect (Lenz et al., 1997; McSweeney & Crane, 2000). Thus, 

simultaneously occurring symptoms are more apt to have a catalytic effect on one another. 

 Prodromal symptoms are those symptoms that are new onset or increase in intensity or 

frequency of existing symptoms. Accuracy in describing women’s prodromal symptoms is a 

critical step in providing a complete picture of women’s typical presentation of coronary artery 

disease (McSweeney, personal communication, June 11, 2004).  The 33 prodromal symptoms 

identified by McSweeney and colleagues (2003) that appear on the MAPMISS are listed in 

Table 2-1. 
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Model Assumption 

 The revised model of the TUS is based on the following assumption. The gold standard 

for the study of symptoms is based on the perception of the individual experiencing the symptom 

and his or her self-report. 

Conceptual Definitions 

 In the revised model of the TUS, three forces influence the occurrence, intensity, time 

frame and frequency of symptoms they are: physiologic, psychological, and situational forces. In 

the revised version of the theory, interactional aspects are acknowledged within each of the three 

categories of forces influencing the symptom experience of the subject (Lenz et al., 1997). 

Forces will be assessed as comorbidities, medical variables and situational factors on subject 

demographics that are either categorical or continuous variables. Analysis of these variables will 

be tested as outlined in chapter 3 under the statistical data plan.  

 An accepted theory is that unpleasant symptoms are often a reflection of physiological 

distress (Lenz et al., 1997; Parker et al., 2005). Examples of physiological distress include but 

are not limited to the existence of pathology, trauma or a decrease in the individual’s level of 

energy as a result in nutrition and hydration deficiencies (Lenz et al., 1997; Parker et al., 2005).   

 The psychological forces of the revised TUS model include the individual's state of mind, 

their response to illness, and lack of knowledge about experienced symptoms vs. expected 

symptoms. Previous research established that states of anxiety and depression contribute to 

symptom presence, intensity, timing and frequency (Lenz et al., 1997; Parker et al., 2005). 

Correspondingly, individuals with anxiety and who view their illness as extremely stressful 

frequently exhibit more severe symptoms than those who perceive less stress (Lenz et al., 1997; 

Parker et al., 2005).  
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 Situational forces such as one’s social and physical environment affect the reporting and 

experience of an individual’s symptoms. Job status, home and marital issues, education, support 

systems, healthcare access, and everyday life behaviors such as nutrition and exercise (Lenz et 

al., 1997; Parker et al., 2005).  

Operational Definitions 

To explore prodromal symptoms the MAPMISS will be used. The MAPMISS, originally 

a telephone administered survey, lists 33 prodromal symptoms that women previously identified 

in qualitative studies. The MAPMISS contains descriptors for each symptom. Women rate 

prodromal symptoms according to intensity (i.e., mild, severe), frequency (i.e., daily, weekly), 

and time frame (i.e., week of, more than 1 month) (McSweeney et al., 2004).  The MAPMISS 

also contains questions relating to comorbidities, risk factors, medications, and demographics. 

Prodromal scores are constructed from the product of intensity and frequency for each symptom, 

then the summed scores for each symptom to create an overall prodromal score. In this 

exploratory study symptoms are both the dependent variables for hypothesis 1and the potential 

independent variables for hypothesis 2. Variable testing and analysis are explained in chapter 3 

under the statistical data plan.  
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Table 2-1. Thirty-three prodromal symptoms  
Pain/ discomfort in the 
general chest 

Very tired/ unusual fatigue Hand/Arm tingling 

Pain/ discomfort centered 
high in chest 

Sleep disturbance Numbness or burning of 
both arms 

Pain/ discomfort in left 
breast 

Anxious Numbness or burning of 
right arm 

Pain/ discomfort in 
neck/throat 

Cough Numbness or burning of left 
arm 

Pain/ discomfort in 
jaw/teeth 

Heart racing Numbness or burning of 
fingers on both hands 

Pain/ discomfort in back, 
between/ under shoulder 
blades 

Shortness of breath/ 
orthopnea 

Numbness or burning of 
fingers right hand 

Pain/ discomfort at top of 
shoulders 

Difficulty breathing at night Numbness or burning of 
fingers left hand 

Pain/ discomfort in both 
arms 

Loss of appetite New onset of vision 
problem 

Pain/ discomfort in left arm 
or shoulder 

Frequent indigestion Increased intensity of 
headaches 

Pain/ discomfort in right 
arm or shoulder 

Arms week / heavy Increased frequency of 
headaches 

Pain/ discomfort in legs Arms ache Change in thinking or 
remembering 
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Figure 2-1. Revised theory of unpleasant symptoms  
 
Note:  From “Collaborative development of middle-range nursing theories: toward a theory of 

unpleasant symptoms,” by Lenz, E. R., Suppe, F., Gift, A. G., Pugh, L. C., & Milligan, R. 
A.,1995, Advances in Nursing Science, 17(3), p.5.Copyright 1995 by Lippincott Williams 
and Wilkins. Adapted with permission. 
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CHAPTER 3 
METHODS 

Design 

The study conducted was an exploratory cross-sectional structured interview survey of a 

convenience sample of 166 women undergoing primary event, elective, cardiac catheterization at 

multiple (4) cardiac catheterization laboratory sites within the Orlando area. The cardiac 

catheterization laboratory sites are the outpatient laboratories of Florida Heart Group, Central 

Florida Cardiology and Cardiovascular Centers, LLC (2 sites). The main advantage to 

conducting this cross-sectional design was its inherent practicality. This design was relatively 

easy to manage and economical (Portney & Watkins, 2000).  

Funding 

 Funding for this project was provided by a Sigma Theta Tau International Small Grant 

sponsored by the Alpha Theta Chapter of Sigma Theta Tau International at the University of 

Florida, Gainesville, Florida. Research materials and facilities support was provided by the 

cardiac catheterization laboratories of Florida Heart Group, Central Florida Cardiology and 

Florida Cardiology located in Orlando, Florida. 

Consent 

The primary investigator (PI) sought approval from the dissertation committee and the 

Institutional Review Board-01 (IRB-01) for human subjects at the University of Florida. The 

IRB-01 granted approval to conduct research on expedited project # 398-2007 on September 9, 

2007 with an expiration date of September 9, 2008. Subsequently, enrollment and data collection 

began. A waver of health information patient protection act (HIPPA) was granted by IRB-01 in 

order to more efficiently identify potential subjects. 
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Potential participants were then recruited at the outpatient labs after they were prepped 

for their cardiac catheterization procedure. A brief explanation of the study was presented to 

each potential subject and permission to proceed with the consent process was sought. 

Participants that agreed then reviewed and signed an informed consent, including consent for 

chart review, collection and review of cardiac catheterization digital angiography disks. Once 

consent was obtained, subjects were assigned an identification (ID) number (i.e., 398-2007-201) 

to de-identify them. A handwritten table containing the coding system converting patient identity 

to ID number was kept in a double locked cabinet (PI access only). This was the only source of 

data matching subjects to ID numbers. The table was destroyed after data collection was 

complete and prior to the study closure. Subjects were not compensated for participation and had 

the option to withdraw from the study at any time. No subjects withdrew from the study. There 

were no anticipated health benefits or risks to subjects; subjects did not receive any information 

concerning cardiovascular status or scores on the MAPMISS. No adverse events were reported. 

The PI had no conflict of interest regarding this protocol. A continuing review/ study closure 

report was submitted to the IRB-01 on July 14, 2008 with a request to close the study. 

Subjects and Recruitment 

  The convenience sample consisted of 166 women who presented to multiple (4) cardiac 

catheterization laboratory sites within the Orlando area (who have not had a prior catheterization 

or been diagnosed with CAD). Direct recruitment was performed in the cardiac catheterization 

laboratory pre-procedure rooms. Physician referral was used. Inclusion and exclusion criteria are 

listed in Table 3-1. 

Sample Size Determination 

 Sample size was determined using a confidence interval method to calculate the required 

sample size. Confidence interval method is one of the methods used when calculating n for a 
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logistic regression analysis (Jaccard, 2001; Menard, 2002).  It was assumed that if 50% of 

women with prodromal cardiac symptoms were diagnosed with CAD approximately 96 subjects 

would be required if the estimate was to fall within 10% points of the true proportion with 95% 

confidence. This estimate of CAD presence was based on reported research that noninvasive 

cardiovascular testing that identifies ischemia is not as predictive in women (50%) as in men 

(90%) (DeCara, 2003). Additionally, the 50% assumption requires the largest sample size when 

using this method for calculation. Originally the sample size was chosen to assume the estimated 

proportion of CAD within 5% of the true proportion and that to complete the study 384 subjects 

would be required.  Since recruiting that number was not possible in the timeline to complete this 

dissertation, with permission of the supervisory committee chair, a change was made to assume 

the estimated proportion of CAD within 10% and the required sample size was dropped to 96 

subjects.  Since data was already collected on 166 subjects, that number was used for the 

analysis. Table 3-2 shows sample sizes for estimated 50% CAD proportion (P) to be within 10%, 

5%, or 2% (d) of the true proportion with 95% confidence (Cohen, 1998; Murphy & Myors, 

2004).  

Variables 

 To address hypothesis 1: there are differences in women’s prodromal cardiac symptoms 

between those that have CAD and those that do not, the independent variables are CAD ≥ 20% 

and CAD ≥ 50% stenosis as described later in the chapter. The dependent variables are inclusive 

of the 33 prodromal symptoms identified on the MAPMISS, as well as presence of an abnormal 

EKG, an abnormal dual stress test, comorbidities, situational forces and demographic data. Table 

3-3 shows a complete list of the dependent variables for hypothesis 1.To address hypothesis 2: a 

prodromal cardiac symptom or a cluster of prodromal cardiac symptoms will discriminate 

between those women who have CAD and those that do not, the potential independent variables 
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are those same variables listed in Table 3-3. The dependent variables are CAD ≥ 20% and CAD 

≥ 50% stenosis as described later in the chapter. 

 Consented subjects were asked demographic data about their race, age, height, weight, 

marital status, educational level, income, exercise regimen, menopausal status, comorbidities and 

smoking history as part of the MAPMISS. Race was determined by self-report, using the Office 

of Management and Budget revised race and ethnicity categories (Federal Drug Administration, 

2003). Chart review was performed to ascertain information concerning results of 

electrocardiograms, dual stress tests and left ventricular ejection fraction percentage. 

The MAPMISS, which lists 33 prodromal symptoms previously identified by women in 

qualitative studies, was administered via a structured interview technique. Patients were 

interviewed in privacy, behind closed doors or pulled curtains without family members or other 

staff present when possible. When family members attended the interview, instructions were 

given that only the subject could respond to the questions and that for the purpose of this project 

comments or consultation should be withheld. Assurances of confidentiality regarding the 

subject’s responses and anonymity after data collection were offered. The MAPMISS was used 

to assess the independent variable prodromal symptoms (McSweeney et al., 2003). Prodromal 

symptoms were considered new symptoms or ones that had increased in intensity/frequency (J. 

C. McSweeney, personal communication, June 11, 2004). The MAPMISS contained descriptors 

for each symptom (i.e., very tired, unusual fatigue). Women rated their symptoms according to 

intensity (mild, severe), frequency (daily, weekly), and time frame (week of, more than 1 month).  

The MAPMISS, was developed in a series of studies to establish content validity, and contains 

questions relating to co-morbidities, risk factors, medications, and demographics (McSweeney et 

al., 2004). Prodromal scores were constructed from the product of intensity and frequency for 
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each symptom, then summed scores for each created an overall prodromal score. The minimum 

prodromal score per symptom is 0 and the maximum score is 18. The minimum MAPMISS 

prodromal score total is 0 and the maximum score is 594. Figure 3-1 shows an example of a 

MAPMISS type question with calculation formula and score. (McSweeney et al., 2004).   

To assess presence of the variable of CAD, coronary angiography was performed and 

reviewed at the cardiac catheterization laboratory sites according to usual methods (Baim & 

Grossman, 2000). Then, de-identified copies of the catheterization images were transferred to 

CD-ROM format for offline review and quantitative coronary analysis (QCA) at a single location 

to guard against image variability. QCA is a tool that detects and quantifies any coronary artery 

lesion. The basic principles of QCA are the automatic detection of the vessel edges in a selected 

portion of the artery, then quantitative measurement of the vessel length and diameters along the 

selected segment (Sanmartin et al., 2004). These measurements, when applied during coronary 

angiography, allow quantification of lesion severity from its shape and length (General Electric, 

2003; Sanmartin et al., 2004). The success rate of QCA has been appraised to be greater than or 

equal to 93% (Lienard, Sureda, & Finet, 2002).  

Procedure: Quantification of CAD  

All coronary angiograms were reviewed and analyzed by the PI. All coronary segments 

identified visually as abnormal were measured quantitatively. The QCA required minimal user 

interaction. Calibration of the QCA software was achieved with user selected portions of the 

angiographic catheter using the external diameter of the catheter image for scale (Sharaf et al., 

2001). Conventional calibration of the catheter to a value for external diameter was determined 

by the package insert label in either 5 or 6 French units (Sanmartin et al., 2004).  Arterial 

segments were then analyzed in a single view, which minimized vessel overlap/foreshortening 

and maximized the apparent severity of a stenosis (Sanmartin et al., 2004; Sheifer, Arora, Gersh, 
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& Weissman, 2001). The start and end points of the segment of interest was user determined. 

Vessel centerline and contour were determined by the edge detection algorithm. Percent stenosis 

was then auto calculated by the software package from minimum lumen diameter (MLD) and a 

normal reference vessel diameter (RVD) value obtained as an extrapolation of the proximal and 

distal segments surrounding the stenosis. Diameter stenosis (DS) was computed in percent as 

RVD ─ MLD/RVD (100) = DS. As contours for both the catheter and arterial segments were 

auto quantified by the QCA software, no manual adjustment was attempted (Sanmartin et al., 

2004; Sheifer et al., 2001). 

Major coronary arteries analyzed were the left anterior descending, left circumflex, and 

right coronary arteries. Diagonal, acute, and obtuse marginal branch vessels were considered 

major and analyzed if they supplied enough myocardium to be potentially suitable for 

revascularization (≥2 mm lumen diameter) (Sheifer et al., 2001). All women with 1 or more 

stenoses of ≥ 20% and up to a 100% stenosis were defined as having CAD. Rationale for 

choosing this indicator as CAD is that 20% stenosis is the marker at which aggressive therapy is 

initiated in the clinical setting. Often medications such as aspirin, cholesterol lowering agents 

and beta-blockers are prescribed with an elevation in noninvasive diagnostic test performance. 

Women with stenoses < 20% were considered to have normal coronary arteries (Sharaf et al., 

2001). As a subcategory, women with 1 or more stenoses of ≥ 50% were defined as having 

severe CAD. Rationale for choosing this indicator as severe CAD is that 50% stenosis is the 

marker at which aggressive treatment is initiated in the clinical setting. Interventions such as 

intravascular coronary ultrasound, vessel hemodynamic flow studies, angioplasty and 

intracoronary stenting may be recommended as an adjunct to medical therapy. 
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Statistical Analysis Plan 

SAS (Version 9.1.3) was used for all statistical analyses and for writing the scientific 

report of the quantitative data. Descriptive statistics were used to obtain the summary measures 

for all data including a description of the sample characteristics. Descriptive statistics included 

means, ranges, and standard deviations for continuous variables. Categorical variables were 

statistically represented in frequency distributions and percentage distributions. A p-value of less 

than 0.05 was considered to be statistically significant (Polit, 1996).  

 To address hypothesis 1, analysis of frequency (chi-square test) was used to determine 

the difference in proportion of the variables that were measured on nominal and ordinal scales 

between the two groups of subjects who were diagnosed with CAD or without it.  The t-test was 

utilized to find the difference in mean of the variables measured on interval or ratio scales 

between the two groups.  To address hypothesis 2, logistic regression analysis was used to 

explore the potential differences in the predictor variables between those who had CAD from 

those who did not.  In this study, the dependent variable CAD has been coded as zero if CAD < 

20 or one if CAD ≥ 20; and zero if CAD < 50 or one if CAD ≥ 50.  What distinguishes a logistic 

regression model from the linear regression model is that the dependent variable in logistic 

regression is binary or dichotomous.  The analysis and interpretation of logistic regression, 

however, is quite similar to the procedures of multiple regression.  The predictor variables in 

logistic regression can be categorical or continuous.  Logistic Regression techniques have been 

widely used for identifying risk factors that are associated with disease in healthcare research.  

This method also has popular application in analyzing prospective clinical trials and in 

identifying potentially important covariates in exploratory analyses of clinical research data 

(Menard , 2002). 
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 Logistic regression overcomes many of the restrictive assumptions of regression analysis.  

The fundamental assumption in logistic regression analysis is that the natural logarithm of odds 

[ln (odds)] is linearly related to the independent variables. No assumptions are made regarding 

the distributions of the independent variables. In fact, one of the major advantages of using 

logistic regression is that the independent variables may be discrete or continuous. However, 

since logistic regression uses maximum likelihood procedures, multivariate normal distribution 

for the continuous independent variables makes the solution more stable (Hair, Anderson, 

Tatham, & Black, 1998). There is no homogeneity of variance assumption, that is, variances 

need not be the same within categories.  Normally distributed error terms are not assumed. It is 

not required that the independent variables be measured on interval or ratio scales.  Logistic 

regression does not rely on distributional assumptions in the same sense that discriminate 

analysis does. Additionally, as with other forms of regression, multicollinearity among the 

predictors can lead to biased estimates and inflated standard errors (Menard, 2002).   

 Estimation of model parameters in logistic regression uses the method of Maximum 

Likelihood. This is a technique from probability theory which is widely used in the derivation of 

statistical tests. As its name implies, Maximum Likelihood is a method which provides estimates 

of the parameters which maximize the likelihood of observing the data set collected.  The 

Maximum Likelihood method establishes a set of equations involving the estimates of the model 

parameters.  These equations are then solved simultaneously to obtain the Maximum Likelihood 

estimates (Pampel, 2000).   

 The recommended test for overall fit of a logistic regression model is the Hosmer and 

Lemeshow (HL) test, also called the chi-square test. It is considered more robust than the 

traditional chi-square test, particularly if continuous covariates are in the model or if the sample 
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size is small.  If the HL goodness-of-fit test statistic is greater than 0.05, the null hypothesis that 

states that there is no difference between observed and model-predicted values will not be 

rejected, implying that the model's estimates fit the data at an acceptable level (Garson, 2008).   

In addition, there are several measures that provide evidence for goodness-of-fit in logistic 

regression.  These are:  the Akaike Information Criterion (AIC), the Bayesian Information 

Criterion (BIC), and the Schwartz Information Criterion (SIC).  The lower these measures are the 

better model fit (Pampel, 2000).    

    To obtain an optimal model, the predictor variables were added in a step-type fashion. 

There are three step-type logistic regression procedures, forward, backward and stepwise.  For 

this study, backward procedure was used to determine the optimal model from the maximum 

model. In addition, the point and interval estimates of the odd ratios of the predictor variables 

were reported.  The odds ratio for a given independent variable represents the factor by which 

the odds of an event (e.g. CAD ≥ 50) change for a one-unit change in the independent variable 

(Hair et al., 1998). 
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Table 3-1. Inclusion/exclusion criteria data collection  
Inclusion criteria Exclusion criteria 
Signed consent Inability to verbally communicate (Aphasia, Intubated) 
Over age 40, under the age of 
90 

Emergent catheterization (AMI) 

Without prior catheterization Pre-medicated with narcotics 
Without prior diagnosis of CAD Catheterization for surgical clearance without cardiac 

indication (Abnormal EKG or exercise/nuclear stress test) 
Elective Catheterization Any other psychiatric/medical condition which in PI’s 

opinion would make participation not in subject’s best 
interest. 

English speaking  
 
Table 3-2. Sample sizes for estimated 50% of sample with CAD 
                       P             d                                                    n 
                    0.50          0.10                                                 96 
                    0.50          0.05                                               384 
                    0.50          0.02                                             2401 
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Table 3-3.  Complete list of dependent variables for hypothesis 1 
Variables  
Abnormal EKG Increased frequency of headaches 
Abnormal dual stress test Change in thinking or remembering 
Generalized chest pain History of chest pain 
Centered high in chest pain History of congestive heart failure 
Left breast pain History of coronary heart disease 
Neck/throat pain History of heart irregularity, heart murmur or 

valve disease 
Jaw/teeth pain History of high blood pressure 
Back, between/under shoulder blade pain History of high cholesterol 
Top of shoulders pain History of depression or other emotional problems 
Both arms pain History of cancer 
Left arm pain History of diabetes/ low blood sugar 
Right arm pain History of chronic heart burn, stomach problems 

(GERD 
Leg pain History of chronic back pain 
Very tired, unusual fatigue History of joint problems (arthritis) 
Sleep disturbance History of osteoporosis (brittle bones) 
Anxious History of stroke 
Cough History of thyroid disease 
Heart racing History of gallbladder disease 
Shortness of breath/ orthopnea History of hysterectomy 
Difficulty breathing during the night History of  menopause onset 
Loss of appetite History of estrogen replacement 
Frequent indigestion Current estrogen replacement use 
Arms weak/heavy History of birth control use 
Arms ache History of smoking (at least 100 cigarettes in life) 
Hands/arms tingling Current smoker 
Numbness or burning of both arms Exposed to secondhand smoke 
Numbness or burning of right arm Exercise 
Numbness or burning of left arm Employed 
Numbness or burning of fingers on both hands Retired 
Numbness or burning of fingers on right hand Children living at home 
Numbness or burning of fingers on left hand Income of ≤ $30,000 
New onset vision problem Income of ≥ $30,000 
Increased intensity of headaches Years of birth control use 
Age of subject Family history of MI 
MAPMISS score Pack year history of smoking 
Symptom score Years of secondhand smoke exposure 
History of chronic lung disease Weight (lbs) 
History of migraine headaches Height (inches) 
Age at hysterectomy Exercise times per month 
Years of estrogen replacement use Hours per attempt of exercise 
Current estrogen replacement use  
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LOCATION OF PAIN OR DISCOMFORT
Symptom:
Chest Pain/Discomfort/Pressure for Yes, designate Intensity      

No (0)*      Severe (3)      Medium (2)       Mild (1) 

Time Frame:             week of  month of          more than month     

Freq:          daily (6)         several times a week (5)         at least 1x per week (4) 

At least 2x per month (3)        monthly (2)        less than monthly (1)

*= (point value)
Calculation Formula:  Intensity x Frequency (minimum score = 0, maximum 
score = 18)
Score for this example: 3x5=15 

X

X

X

 
Figure 3-1.  Example of a MAPMISS type question with calculation formula and score 

(McSweeney et al., 2004) 
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CHAPTER 4 
FINDINGS 

The primary purpose of this study was twofold. First, to examine the potential differences 

in women’s prodromal cardiac symptoms between those that have CAD and those that do not by 

assessing symptom presence prior to cardiac catheterization and quantifying CAD in the cardiac 

catheterization laboratory setting. The second purpose was to determine a prodromal symptom or 

a cluster of prodromal cardiac symptoms that can be most helpful to healthcare professionals in 

identifying women who are at-risk of having CAD. Analysis of frequency (chi-square test), two 

independent samples t-test, and logistic regression analysis were performed to evaluate the 

proposed hypotheses for this research project. SAS (Version 9.1.3) was used to perform all the 

analyses. This statistical software was chosen for its recommendation of being superior for 

logistic regression analysis (Menard, 2002). 

Data Collection and Descriptive Statistics 

Female patients (n=166) were recruited during outpatient cardiac catheterization 

laboratory appointments at one of four enrollment sites in Orlando, Florida: Cardiovascular 

Centers, LLC. (2 centers)(n=98), Florida Heart Group, PA (n=13), and Central Florida 

Cardiology Group, PA (n=55). Patients were excluded from the study if they were younger than 

40 years of age or older than 89 years of age, not able to speak English, had a previous 

diagnostic cardiac catheterization or were present for surgical clearance. After an introduction of 

the study and gathering of informed consent, patients were administered the MAPMISS. The 

survey took approximately 20-30 minutes to complete. Upon completion of the survey 

questionnaire, patients completed their participation in the study. Medical record review was 

conducted for information regarding medications and previously performed non-invasive 

diagnostic tests (i.e., electrocardiogram and stress tests). Immediately post survey patients 
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underwent a diagnostic catheterization. Cardiac catheterization films were reviewed and 

analyzed by the primary investigator for the presence of CAD using quantitative QCA. Table 4-1 

presents relative percentages of the total sample by recruitment site. 

Subject Demographics 

The mean age of the sample was 65.86 years with a range of 40 to 87 years of age. The 

mean weight of the sample was 77.4 kilograms (kg) with a range of 37.3 to 147.7 kg. The mean 

height was 161.2 centimeters (cm) with a range of 130.8 to 177.8 cm. The mean body mass 

index (BMI) was 29.7 with a range of 14.1 to 52.5. Subjects (75%) reported exercising on 

average of 17 times per month for an average of .97 hours per attempt. The most frequent 

exercise performed was walking (37%) with 18% engaging in aerobic exercise. Ethnically, 

85.54% of participants self-rated as Caucasian, 7.83% rated as African American/Black, 5.42% 

rated as Hispanic/non-white, 0.6% rated as Asian and 0.6% rated as Indian. The majority of 

participants were married (54.22%), 18.67% reported being separated/divorced, 5.42% reported 

being single/never married, and 21.69% reported being widowed. Of the total sample, 59.03% 

had earned less than a high school diploma, 33.13% had earned a high school diploma, and 

7.83% had achieved greater than a high school degree. The majority of the subjects were 

retired/not working (61.45%), 29.52% were employed full time, 6.63% worked part time and 

2.4% were unemployed. Of the participants, 67.47% reported a total household income of 

<$30,000.  Table 4-2 provides demographic information for the total sample of female patients.  

McSweeney Acute and Prodromal Myocardial Infarction Survey 

The MAPMISS, which lists 33 prodromal symptoms previously identified by women in 

qualitative studies, was administered via a structured interview technique and was used to assess 

the variables for prodromal symptoms. The MAPMISS contains descriptors for each symptom. 

Women rated prodromal symptoms according to intensity (i.e., mild, severe), frequency (i.e., 
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daily, weekly), and time frame (i.e., week of, more than 1 month).  The MAPMISS also contains 

questions relating to comorbidities, risk factors, medications, and demographics (McSweeney et 

al., 2004). Women never added symptoms during the current study, indicating that the tool was 

comprehensive. Prodromal scores were constructed from the product of intensity and frequency 

for each symptom, and then summed scores for each symptom were calculated to create an 

overall prodromal score. Subjects of this study had a mean MAPMISS score of 79.95 (SD = 53, 

Range = 6-307) and the symptom mean score was 8.67 (SD = 4, Range 1-24).  

Particular points of interest among the variables contained on the MAPMISS for the total 

sample were the symptoms of neck/throat pain, hand/arm tingling and numbness or burning of 

the arms. Those subjects that reported experiencing neck/throat pain (25.30%) had a mean age of 

64.3, slightly younger than the overall mean age of 65.9 years that was reported for the sample. 

The same is true for those that had a complaint of hand/arm tingling (37.35%) to one or both 

arms, the mean age of these subjects was 65.1 years. The MAPMISS did not discriminate 

between those with tingling in both hands/arms, the right hand/arm or the left hand/arm. In order 

to differentiate this variable from others, subjects were given the additional descriptors of a 

stinging or prickling sensation. The variable of numbness or burning of the arms was split into 

three separate variables according to the MAPMISS instructions. To differentiate this variable 

numbness was given the additional descriptor of no feeling, and burning was described as being 

hot or on fire. Of those subjects that experienced numbness or burning to the arms 19.27% had 

this symptom in both arms (mean age of 59.7), 8.43% had numbness or burning to the right arm 

(mean age of 66.8) and 7.22% had numbness or burning to the left arm (mean age of 54.6).   

Other variables of interest included on the MAPMISS are described as follows. 

Approximately 48% of the women in the study reported having experienced the onset of 
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menopause. The average age of onset was 50 years of age. The mean age of the 80 women who 

experienced menopause onset is currently 69.31 years. Slightly more than 50% of the sample 

reported having had a hysterectomy at the mean age of 43.70 years with 37% having had both 

ovaries removed. A history of birth control use was reported by 56.02% of the sample with the 

mean 7.76 years of use. A history of estrogen replacement therapy was reported by 54.21% of 

the sample with mean years of use of 9.70. Current estrogen replacement therapy was reported 

by about 15% of the women for a range of 1 to 32 years, with a mean of 18.18 years of use. 

There were 13 (7.83%) current smokers enrolled in the study and 79 (44.57%) former smokers 

with an average pack year history of 21.6. The vast majority of women (80.72%) in the study 

reported having been exposed to secondhand smoke for an average of 32.50 years (range 3 to 66 

years). Table 4-3 presents the frequency distribution and relative percentages of prodromal 

symptom variables of the total sample.  

Medical Variables 

Patients’ medical records were reviewed to obtain the following information. The sample 

of women possessed a mean left ventricular ejection fraction of 62%. About 48% of the subjects 

were diagnosed with an abnormal electrocardiogram, while 69% were diagnosed with an 

abnormal dual stress test, and 38% had both. Of the entire sample, 63.86% had a history of high 

blood pressure and 73.49% met criteria for high cholesterol. In the sample, 24.10% of patients 

were diabetic and 20.48% had a reference of mild to moderate valve disease. Table 4-4 provides 

information regarding medical variables for subjects. 

Comorbidity Variables 

As part of the MAPMISS administration each subject self-reported comorbidity. Sixty-

three percent of subjects reported that they had some form of chronic joint problems (arthritis) 

while 26.51% reported having osteoarthritis. Chronic heart burn was reported by 50.60% of the 
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subjects in the study. A history of migraine headaches was reported by 28.92% of the sample.  

Approximately 38% reported some form of thyroid disease. Both chronic lung disease and 

chronic back pain were reported by 59 of the subjects (35.54%). Forty six subjects (27.71%) 

revealed that they had previous to this study, been diagnosed with some form of cancer. Table 4-

5 provides the frequency distribution regarding comorbidity variables for the subjects. 

Coronary Angiography Variables 

Post MAPMISS administration, each patient was subjected to an elective diagnostic 

cardiac catheterization by her physician. Selective coronary angiography was performed from the 

femoral approach.. Coronary arteries were evaluated by the primary investigator with the use of   

QCA which allows both for catheter-based image calibration and for automated vessel 

contour detection (General Electric, 2003; Sanmartin et al., 2004). Reference vessel diameter 

(RVD) and minimal luminal diameter (MLD) were computed automatically by the QCA 

software. Diameter stenosis (DS) was computed in percent as: RVD ─ MLD/RVD (100) = DS 

(General Electric, 2003). Only segments with a reference diameter ≥2.0 mm were evaluated. 

Segments with smaller diameter were considered to be absent; DS ≥ 20% was used as a cutoff 

value to define the presence of CAD. DS ≥ 50% was used as a cutoff value to define significant 

severe CAD stenosis. CAD ≥ 20% DS was present in 61.4% of the subjects, while 53.6% of the 

subjects demonstrated severe CAD ≥ 50% DS. The left anterior descending artery was the vessel 

that most commonly demonstrated stenosis for both ≥ 20% CAD (51.8%) and for severe CAD ≥ 

50% (39.1%). Table 4-6 provides information regarding coronary artery variables for subjects. 

Data Analysis 

• Hypothesis 1: There are differences in women’s prodromal cardiac symptoms between 
those that have CAD and those that do not. 
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To address hypothesis 1, analysis of frequency was used to determine the difference in 

proportion (or percentage) of the variables measured on nominal or ordinal scales between the 

two groups.  Analysis of frequency is analogous to testing the relationship between the two 

variables that are measured on the nominal or ordinal scales (i.e., presence and absence of high 

cholesterol versus presence or absence of CAD).  In addition, the two samples t-test was used to 

determine the difference in means of the variables measured on the interval and ratio scales 

between the two groups. The results indicated that among those with a high cholesterol, higher 

percentages of the subjects had CAD ≥ 20%, or equivalently, it can be stated that the results 

indicated that there was a significant relationship between CAD presence and high cholesterol 

(Chi-square = 8.43, p = 0.0037).  Among those with high cholesterol, 81.37% had CAD≥ 20% 

vs. 60.94% with CAD < 20%.  This report of percentages is the conditional probability, which 

SAS calls Row Percent; it comes from a contingency table by cross classifying CAD ≥ 20% and 

a history of high cholesterol. These percentages will not add to 100% since the Row Percent of 

the two different rows are reported. Table 4-7 shows an example of the contingency table of 

CAD ≥ 20% by history of high cholesterol. There was a significant relationship between cancer 

and CAD in that more women with a history of cancer had CAD (Chi-square = 4.18, p = 

0.0410).  A significantly higher percentage of diabetic woman had CAD (30.39% vs. 14.06%, 

Chi-square = 5.73, p = 0.0138).  The relationship between CAD and subjects who had 

experienced menopause was statistically significant (Chi-square = 5.67, p = 0.0173).  Among 

those who were or had used hormones, 8.82% had CAD ≥ 20% vs. 20.31% with CAD < 20% 

(Chi-square = 4.51, p = 0.0336).  A lower percentage of those who had used birth control had 

CAD (47.08% vs. 70.31%, Chi-square = 8.63, p = 0.0030). Among those who had a history of 

smoking, 12.50% had CAD ≥ 20% vs. 3.92% with CAD < 20% (Chi-square = 4.31, p = 0.0378).  
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The relationship between CAD presence and employment was statistically significant (Chi-

square = 15.52, p < 0.0001).  The results reflected a lower percent of employment for women 

with CAD (24.51% vs. 54.61%). A higher percentage of women who were retired had CAD 

(72.55% vs. 43.75%, Chi-square = 13.77, p = 0.0002).  A lower percentage of women who had 

children at home had CAD (11.76% vs. 34.38%, Chi-square = 12.34, p = 0.0004). This study is 

viewed as exploratory. The study consists of a large number of variables that can have an effect 

on CAD.  Both levels of significance are specified. If the tests were performed under the 

complete null hypothesis which indicates that the difference in proportion for all the variables 

that are listed in table 4-8 between the two groups were zero, then the level of significance 

(alpha) must have been adjusted for the overall error.  Using the Bonferroni procedure, the new 

level of significance was calculated as:  0.05/65 = 0.0007. As shown in Table 4-8, under the 

complete null hypothesis, fewer variables were statistically significant given alpha = 0.0007.    

Table 4-9 shows the mean difference of symptom variables between two levels of CAD ≥ 

20%.  Using the t-test, as indicated in Table 4-9, the differences in mean age (p = 0.0001) of the 

subjects, history of migraine headaches (p = 0.0235), years of birth control use (p = 0.0346), and 

years of secondhand smoke exposure (p = 0.0058) between the two CAD levels were statistically 

significant, meaning those with CAD ≥ 20% were older, had shorter years of birth control use, 

fewer migraine headaches and had longer secondhand smoke exposure. If these t-tests were 

performed under the complete null hypothesis, the new level of significance, controlling for the 

overall error, would be 0.0031. 

Table 4-10 shows the relationship between severe CAD and women’s prodromal cardiac 

symptoms. As indicated in Table 4-10, the relationship between severe CAD and neck/throat 

pain indicates that a lower percentage of women who experienced neck/throat pain had severe 
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CAD (19.10% vs. 32.47%, Chi-square = 3.90, p = 0.0482) as did those with numbness or 

burning of both arms (12.36% vs. 27.27%, Chi-square = 5.90, p = 0.0151).  A higher percentage 

of women who experienced hand/arm tingling had severe CAD (44.94% vs. 28.57%, Chi-square 

= 4.73, p = 0.0297). Among those with a history of high cholesterol 79.78% had severe CAD vs. 

66.23% that did not (Chi-square = 3.89, p = 0.0487) A higher percentage of those with a history 

of stroke had severe CAD (11.24% vs. 2.60%, Chi-square = 4.59, p = 0.0321). A lower 

percentage of those with a history of birth control use had severe CAD (47.19% vs. 66.23%, Chi-

square = 6.08, p = 0.0137). A higher percentage of those with a history of gallbladder disease 

had severe CAD (39.33% vs. 23.38%, Chi-square = 4.83, p = 0.0279) as did those with a history 

of menopause (58.43% vs. 35.06%, Chi-square = 9.03, p = 0.0027). The relationship between 

severe CAD and a history of thyroid disease was statistically significant (Chi-square = 8.75, p = 

0.0031). The relationship between severe CAD and those women who were employed, had 

children living at home and were retired was also statistically significant. Finally, the association 

between CAD≥50% and CAD≤50% and the demographic variables of race, marital status, and 

education were statistically nonsignificant. As before, if these tests were performed under the 

complete null hypothesis, the new level of significance, controlling for the overall error, would 

be 0.0007. 

Table 4-11 shows the mean difference of symptom variables between two levels of 

severe CAD.  Using the t-test, as indicated in Table 4-8, the differences in mean age of the 

subjects (p = 0.0001) and years of secondhand smoke exposure (p = 0.0031) between the two 

severe CAD levels were statistically significant.  If these t-tests were performed under the 

complete null hypothesis, the new level of significance, controlling for the overall error, would 

be 0.0020. 
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• Hypothesis 2: A prodromal symptom or a cluster of prodromal cardiac symptoms will 
discriminate between those women who have CAD and those that do not.  
 
To address Hypothesis 2, backward stepwise logistic regression models, permitting the 

use of both continuous and categorical variables, were constructed to determine if differences 

existed between those with CAD < 20% (coded as 0) and with CAD ≥ 20% (coded as 1).  

Modeling began by including in the model all predictor variables that either had at least a 

marginal bivariate association with the outcome variables or for which there is some rationale 

that the variable may be a confounder or effect modifier for other variables. In this study the 

rationale for inclusion was based on the TUS theoretical model.  In particular, the variables that 

had a p-value of no more than 0.10 using the chi-square and t test (Tables 4-8 and 4-9) were 

included in the maximum logistic model. To obtain an optimal model, the predictor variables 

were deleted in a stepwise fashion. The results of the optimal logistic regression model indicated 

that the variables abnormal dual stress tests, age of the subject, history of high cholesterol, 

history of diabetes and hand/arm tingling were statistically significant between the two CAD 

20% levels (Table 4-12). In the optimal model, the tests for assessing model fit through 

explanatory capability was supportive of the model; the likelihood ratio test had a value of 56.50 

(p < 0.0001) with 5 degrees of freedom (df) and the score test has a value of 48.57 (p < 0.0001) 

with 5 df. In addition the Hosmer-Lemeshow statistic was 30.41, df = 23, p = 0.1379, which 

supported the adequacy of the model, i.e., this measure of goodness of fit suggests that model-

predicted cell proportions are acceptably close to the observed proportions.   

Those subjects with an abnormal dual stress test had 2.58 times higher odds of having 

CAD ≥ 20%.  Subjects who complained of the prodromal symptom of hand/arm tingling had 

3.11 times higher odds of having CAD ≥ 20%.  Diabetic subjects had 4.57 times higher odds of 

having CAD ≥ 20%.  In addition, high cholesterol and age were significant risk factors for CAD. 
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Subjects with high cholesterol had 2.90 times higher odds of having CAD ≥20% and with every 

one year increase in age the odds of  them having CAD ≥ 20% increased by 1.12 times (Table 4-

13). 

Then backward logistic regression models were constructed to determine if differences 

existed between those with CAD < 50% (coded as 0) and with CAD ≥ 50% (coded as 1).  The 

results of the optimal logistic regression model indicated that the variables hand/arm tingling, 

years of secondhand smoke exposure, history of thyroid disease, history of menopause onset, age 

of the subject, and a history of diabetes were statistically significant between the two severe 

CAD levels (Table 4-14).  In the optimal model (Table 4-14), the tests for assessing model fit 

through explanatory capability was supportive of the model; the likelihood ratio test had a value 

of 60.96 (p < 0.0001) with 6 df and the score test has a value of 49.87 (p < 0.0001) with 6 df.  In 

addition the residual chi-square test was 21.41, df = 20, p = 0.3496, which supported the 

adequacy of the model.  

As indicated in Table 4-15, those subjects who experienced the prodromal symptom of 

hand/arms tingling had 3.18 times higher odds of having severe CAD. Subjects who were 

diabetics had 3.22 times higher odds of having severe CAD. Women of in this study who had a 

history of thyroid disease had 2.76 times higher odds of having severe CAD. To conclude 

subjects that had experienced menopause onset had a 2.44 times higher odds of having severe 

CAD. Finally, those subjects who were exposed to secondhand smoke had 1.03 higher odds of 

having severe CAD and with every one year increase in age the odds of those exposed to 

secondhand smoke having severe CAD increased by 1.10.  
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Table 4-1. Recruitment locations of the sample 
Recruitment site N (166) % 
Cardiovascular Centers, LLC 98 59.36 
Central Florida Cardiology, PA 55 33.13 
Florida Heart Group, PA 13 7.83 

 
Table 4-2.  Demographic characteristics of the sample  
Demographic variable Mean SD 
Age  (years) 65.86 11.26 
Weight (kilograms) 77.4 42.21 
Height (centimeters) 161.2 2.90 

Ethnicity N (166) % 
Caucasian 142 85.54 
African American/Black 13 7.83 
Hispanic/Non-White 9 5.42 
Asian 1 0.60 
Indian 1 0.60 

Marital status   
Married 90 54.22 
Widowed 36 21.69 
Separated/Divorced 31 18.67 
Single/Never Married 9 5.42 

Education   
 Less than High School Degree 98 59.03 
High School Degree 55 33.13 
More than High School Degree 13 7.83 

Employment   
Retired 102 61.54 
Employed Full Time 49 29.42 
Employed Part Time 11 6.63 
Unemployed 4 2.4 

Income   
Less than $30K 112 67.47 
Equal or More than $30K 54 32.53 
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Table 4-3.  Prodromal symptom frequency distribution and relative percentages 
Pain symptom N (166) % 

Back, between/under shoulder blades 81    48.79 
Centered high in chest 68 40.96 
Left arm 49 29.51 
Neck/throat 42 25.30 
Left breast 41 24.69 
Generalized chest 37 22.29 
Jaw/teeth 30 19.28 
Right arm 27 18.07 
Legs 32 16.27 
Top of shoulders 18 10.84 
Both arms 18 10.84 

General symptom N (166) % 
Very tired, unusual fatigue 136 81.93 
Shortness of breath/orthopnea 126 75.90 
Heart racing 87 52.41 
Change in thinking or remembering 70 42.17 
Sleep disturbance 70 42.17 
Cough 66 39.76 
Numbness or burning of fingers on both hands 64 38.55 
Hands/arms tingling 62 37.35 
Frequent indigestion 57 34.34 
Anxious 39 23.49 
Arms weak/heavy 35 21.08 
Numbness or burning of both arms  32 19.27 
Arms ache 30 18.07 
Numbness or burning of fingers on left hand 26 15.66 
Increased frequency of headaches 22 13.25 
Loss of appetite 20 12.04 
Increased intensity of headaches 19 11.44 
Numbness or burning of fingers on right hand 16 9.63 
Difficulty breathing during the night 16 9.63 
New onset of vision problems 15 9.03 
Numbness or burning of the right arm 14 8.43 
Numbness or burning of the left arm 12 7.22 
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Table 4-4. Medical variables distribution  
Medical variable Mean SD 
Ejection fraction 0.62 0.08 

 N = 166 % 
High cholesterol 122 73.49 
Abnormal dual stress test 114 68.67 
High blood pressure 106 63.86 
Abnormal EKG 80 48.19 
Both abnormal EKG & dual 63 37.95 
Diabetic 40 24.10 
Valve disease 34 20.48 
 
Table 4-5. Comorbidity frequency distribution and relative percentages
Comorbidity variable N (166) % 
Chronic joint problem 105 63.25 
Chronic heart burn 84 50.60 
Thyroid disease 63 37.95 
Chronic lung disease 59 35.54 
Chronic back pain 59 35.54 
Gallbladder disease 53 31.93 
Depression 49 29.52 
Migraine headaches 48 28.92 
Cancer 46 27.71 
Osteoporosis 44 26.51 
Stroke 12 7.22 
History of chest pain 11 6.62 
History of CAD 6 3.61 
Congestive heart failure 6 3.61 
 
Table 4-6. Coronary angiography variables distribution  

Coronary angiography variable 
CAD ≥ 20 CAD ≥ 50 

N (166) % N (166) % 
Presence of disease 102 61.4 89 53.6 
Left anterior descending 86 51.8 65 39.1 
Right coronary artery 61 36.7 43 25.9 
Left circumflex 44 26.5 23 13.8 
Diagonal 36 21.6 26 15.6 
Obtuse marginal 22 13.2 15 13.2 
Left main 4 2.4 3 1.8 
Septal 2 1.2 0 0.0 
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Table 4-7.  Example of the contingency table for CAD ≥ 20% by history of high cholesterol 

CAD ≥20% History of high cholesterol Total 
Frequency percent 
Row percent 
Column percent 0 1 

 

0 25.00 
15.06 
39.06 
56.82 

39.00 
23.49 
60.94 
31.97 

64.00 
38.55 

 

1 19.00 
11.45 
18.63 
43.18 

83.00 
50.00 
81.37 
68.03 

102.00 
61.45 

Total 44.00 
26.51 

122.00 
73.49 

166.00 
100.00 
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Table 4-8.  Relationship between CAD presence and women’s prodromal cardiac symptoms  

Variables 
CAD < 20 

(%) 
CAD > 20 

(%) 
Chi-

square p-value 
Abnormal EKG 48.44 48.04 0.01 0.9601
Abnormal dual stress test 60.94 73.53 2.89 0.0887
Generalized chest pain 20.31 23.53 0.23 0.6279
Centered high in chest pain 46.88 37.83 1.50 0.2199
Left breast pain 25.00 24.51 0.01 0.9432
Neck/throat pain 32.81 20.59 3.11 0.0778
Jaw/teeth pain 25.63 19.61 0.42 0.5163
Back, between/under shoulder blade pain 53.13 46.08 0.78 0.3767
Top of shoulders pain 9.38 11.76 0.23 0.6798
Both arms pain 10.94 10.78 0.01 0.9754
Left arm pain 32.81 27.45 0.54 0.4610
Right arm pain 18.75 14.71 0.47 0.4933
Leg pain 15.63 21.57 0.89 0.3447
Very tired, unusual fatigue 75.00 86.27 3.38 0.0661
Sleep disturbance 45.31 40.20 0.42 0.5159
Anxious 22.58 24.51 0.08 0.7784
Cough 34.38 43.14 1.26 0.2615
Heart racing 57.81 49.02 1.22 0.2696
Shortness of breath/ orthopnea 70.31 79.41 1.78 0.1821
Difficulty breathing during the night 8.38 9.80 0.01 0.9273
Loss of appetite 15.63 9.80 1.26 0.2621
Frequent indigestion 35.94 33.33 0.12 0.7309
Arms weak/heavy 23.44 19.61 0.35 0.5560
Arms ache 17.11 18.63 0.06 0.8145
Hands/arms tingling 29.69 42.16 2.61 0.1060
Numbness or burning of both arms 26.56 14.71 3.55 0.0594
Numbness or burning of right arm 9.38 7.84 0.12 0.7296
Numbness or burning of left arm 10.94 4.70 2.14 0.1435
Numbness or burning of fingers on both hands 40.63 37.25 0.19 0.6641
Numbness or burning of fingers on right hand 9.38 9.80 0.01 0.9274
Numbness or burning of fingers on left hand 14.06 16.67 0.20 0.6532
New onset vision problem 14.06 5.88 3.20 0.0736
Increased intensity of headaches 14.06 9.80 0.70 0.4016
Increased frequency of headaches 14.06 12.75 0.06 0.8075
Change in thinking or remembering 46.88 39.22 0.95 0.3307
History of chest pain 14.69 7.84 0.63 0.4263
History of congestive heart failure 0.00 4.90 3.23 0.1575
History of coronary heart disease 1.61 4.90 1.18 0.4102
History of heart irregularity, heart murmur or 
valve D 

53.13 47.06 0.58 0.4467

History of high blood pressure 54.69 69.61 3.79 0.0515
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Table 4-8. Continued 

Variables 
CAD < 20 

(%) 
CAD > 20 

(%) 
Chi-

square p-value 
History of high cholesterol 60.94 81.37 8.43 0.0037
History of depression or other emotional 
problems 

37.50 25.00 2.91 0.0880

History of cancer 18.75 33.33 4.18 0.0410
History of diabetes/ low blood sugar 14.06 30.39 5.73 0.0166
History of chronic heart burn, stomach problems 
(GERD 

50.00 50.98 0.02 0.9021

History of chronic back pain 31.25 38.54 0.84 0.3601
History of joint problems (arthritis) 57.81 66.67 1.32 0.2495
History of osteoporosis (brittle bones) 23.44 28.43 0.51 0.4780
History of stroke 3.13 9.80 2.61 0.1058
History of thyroid disease 29.69 43.14 3.02 0.0822
History of gallbladder disease 23.44 37.25 3.45 0.0691
History of hysterectomy 51.56 50.00 0.04 0.8446
History of  menopause onset 35.94 54.90 5.67 0.0173
History of estrogen replacement 54.61 53.92 0.01 0.9232
Current estrogen replacement use 20.31 8.82 4.51 0.0336
History of birth control use 70.31 47.26 8.63 0.0033
History of smoking (at least 100 cigarettes in 
life) 

51.56 45.10 0.66 0.4170

Current smoker 3.92 12.50 4.31 0.0378
Exposed to secondhand smoke 75.00 84.00 2.01 0.1560
Exercise 73.44 75.49 0.09 0.7622
Employed 54.69 24.51 15.52 0.0001
Retired 43.75 72.55 13.77 0.0002
Children living at home 34.98 11.76 12.34 0.0004
Income of ≤ $30,000 26.56 36.27 1.59 0.1936
Income of ≥ $30,000 73.44 63.73 1.69 0.1936
Note: N = 166 
 

73 



Table 4-9.  Differences in variable means between CAD <20% and > 20%  
Variable CAD N Mean Std dev Minimum Maximum t-test p-value 

Age of subject 
< 20 64 59.8440 10.8850 40.00 87.00 

6.01 0.0001 
> 20 102 69.6370 9.7866 42.00 85.00 

MAPMISS score 
< 20 64 83.8440 56.8430 8.00 307.00 

0.75 0.4554 
> 20 102 77.5100 50.5970 6.00 250.00 

Symptom score 
< 20 64 8.9219 4.2958 2.00 21.00 

0.59 0.5555 
> 20 102 8.5098 4.4226 1.00 24.00 

History of chronic 
lung disease 

< 20 64 0.4063 1.4111 0.00 11.00 
0.08 0.9396 

> 20 102 0.4216 0.4962 0.00 1.00 

History of migraine 
headaches 

< 20 64 0.6875 1.9262 0.00 11.00 
2.29 0.0235 

> 20 102 0.2353 0.4263 0.00 1.00 

Age at 
hysterectomy  

< 20 64 21.4840 22.1400 0.00 66.00 
0.29 0.7715 

> 20 102 22.5690 24.1120 0.00 73.00 

Years of estrogen 
replacement use 

< 20 64 6.42970 9.6110 0.00 32.00 
1.39 0.1662 

> 20 102 4.52940 7.8481 0.00 35.00 

Current estrogen 
replacement use 

< 20 64 0.31250 2.3763 0.00 19.00 
1.33 0.1852 

> 20 102 0.0000 0.0000 0.00 0.00 

Years of birth 
control use 

< 20 64 5.6797 6.9461 0.00 30.00 
2.13 0.0346 

> 20 102 3.4363 6.3790 0.00 30.00 

Family history of 
MI 

< 20 64 0.7969 1.3936 0.00 11.00 
0.21 0.8325 

> 20 102 0.7647 0.51080 0.00 2.00 

Pack year history 
of smoking 

< 20 64 10.617 15.5320 0.00 80.00 
0.20 0.8416 

> 20 102 10.123 15.4690 0.00 60.00 

Years of 
secondhand smoke 
exposure 

< 20 64 21.4060 18.1960 0.00 61.00 
2.80 0.0058 > 20 102 29.6670 18.7240 0.00 66.00 

Weight (lbs) 
< 20 64 174.840 43.8300 112.00 310.00 

1.10 0.2708 
> 20 102 167.4100 41.1200 82.00 325.00 

Height (inches) 
< 20 64 63.4800 3.2594 54.00 69.00 

0.01 0.9915 
> 20 102 63.4750 2.6754 51.50 70.00 
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Table 4-9. Continued 
Variable CAD N Mean Std dev Minimum Maximum t-test p-value 

Exercise times per 
Month 

< 20 64 12.0630 10.4210 0.00 30.00 

0.69 0.4935 

> 20 102 13.2160 10.6090 0.00 30.00 

Hours per attempt 
of exercise 

< 20 64 0.7539 0.9210 0.00 4.00 

> 20 102 0.7132 1.0153 0.00 6.00 

> 20 102 0.4028 0.3819 0.00 1.00 
Note: N = 166 
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Table 4-10.  Relationship between severe CAD and women’s prodromal cardiac symptoms 

Variables 
CAD < 50 

(%) 
CAD > 50 

(%) 
Chi-

square p-value
Abnormal EKG 46.75 49.44 0.12 0.7299
Abnormal dual stress test 64.94 71.91 0.93 0.3339
Generalized chest pain 23.38 21.35 0.10 0.7543
Centered high in chest pain 42.86 39.33 0.21 0.6445
Left breast pain 23.38 25.84 0.14 0.7133
Neck/throat pain 32.47 19.10 3.90 0.0482
Jaw/teeth pain 18.18 17.98 0.01 0.9728
Back, between/under shoulder blade pain 51.95 46.07 0.57 0.4497
Top of shoulders pain 12.99 4.82 0.68 0.4087
Both arms pain 10.39 11.24 0.03 0.8612
Left arm pain 31.17 28.09 0.19 0.6645
Right arm pain 22.08 11.24 3.56 0.0591
Leg pain 19.48 19.10 0.01 0.9507
Very tired, unusual fatigue 76.62 86.52 2.72 0.0985
Sleep disturbance 42.86 41.57 0.03 0.8673
Anxious 24.00 22.60 0.01 0.9517
Cough 37.66 41.57 0.26 0.6077
Heart racing 57.14 48.31 1.29 0.2560
Shortness of Breath/ orthopnea 72.73 78.65 0.79 0.3734
Difficulty breathing during the night 9.09 10.11 0.05 0.8240
Loss of appetite 14.24 10.11 0.68 0.4101
Frequent indigestion 33.77 34.83 0.02 0.8854
Arms weak/heavy 23.38 19.10 0.45 0.5007
Arms ache 19.48 16.85 0.19 0.6610
Hands/arms tingling 28.57 44.94 4.73 0.0297
Numbness or burning of both arms 27.27 12.36 5.90 0.0151
Numbness or burning of right arm 11.69 5.62 1.97 0.1605
Numbness or burning of left arm 9.09 5.62 0.74 0.3889
Numbness or burning of fingers on both hands 42.86 34.83 1.12 0.2894
Numbness or burning of fingers on right hand 11.69 7.87 0.69 0.4052
Numbness or burning of fingers on left hand 12.99 17.98 0.78 0.3776
New onset vision problem 12.99 5.62 2.72 0.0986
Increased intensity of headaches 14.29 8.99 1.14 0.2851
Increased frequency of headaches 12.99 13.48 0.01 0.9251
Change in thinking or remembering 45.45 39.33 0.64 0.4252
History of chest pain 6.49 6.74 0.01 0.9489
History of congestive heart failure 0.00 5.62 4.46 0.0620
History of coronary heart disease 1.33 5.62 2.11 0.1454
History of heart irregularity, heart murmur or 
valve disease 

50.65 48.31 0.09 0.7641
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Table 4-10. Continued 

Variables 
CAD < 50 

(%) 
CAD > 50 

(%) 
Chi-

square p-value
History of high blood pressure 58.44 68.54 1.81 0.1769
History of high cholesterol 66.23 79.78 3.89 0.0487
History of depression or other emotional 
problems 

33.77 26.44 1.05 0.3061

History of cancer 25.97 29.21 0.22 0.6419
History of diabetes/ low blood sugar 18.18 29.21 2.75 0.0974
History of chronic heart burn, stomach problems 
(GERD 

53.25 48.31 0.40 0.5262

History of chronic back pain 28.57 41.57 3.05 0.0809
History of joint problems (arthritis) 61.04 65.17 0.30 0.5821
History of osteoporosis (brittle bones) 22.08 30.34 1.45 0.2292
History of stroke 2.60 11.24 4.59 0.0321
History of thyroid disease 25.97 48.31 8.75 0.0031
History of gallbladder disease 23.38 39.33 4.83 0.0279
History of hysterectomy 53.25 48.31 0.40 0.5262
History of  menopause onset 35.06 58.43 9.03 0.0027
History of estrogen replacement  53.25 55.06 0.05 0.8155
Current estrogen replacement use 16.88 10.11 1.64 0.1995
History of birth control use 66.23 47.19 6.08 0.0137
History of smoking (at least 100 cigarettes in 
life) 

53.25 42.70 1.84 0.1747

Current smoker 10.39 4.49 2.14 0.1436
Exposed to secondhand smoke 75.32 85.06 2.46 0.1165
Exercise 72.73 76.40 0.29 0.5868
Employed 51.95 22.47 15.54 0.0001
Retired 46.75 74.71 13.09 0.0003
Children living at home 31.17 11.24 10.07 0.0015
Income of ≤ $30,000 27.27 37.08 1.81 0.1787
Income of ≥ $30,000 72.73 62.92 1.81 0.1787
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Table 4-11.  Differences in variable means between CAD < 50% and > 50%  

Variable CAD50 
N 

(166) Mean Std dev Minimum Maximum t-test p-value

Age of subject 
< 50 77 60.818 11.2400 40.00 87.00 

5.89 0.0001 > 50 89 70.225 9.3271 44.00 85.00 

MAPMISS score 
< 50 77 85.143 59.8190 6.00 307.00 

1.17 0.2418 > 50 89 75.461 46.2070 12.00 189.00 

Symptom score 
< 50 77 9.039 4.5550 1.00 24.00 

1.02 0.3109 > 50 89 8.3483 4.1944 2.00 23.00 

History of chronic 
lung disease 

< 50 77 0.4286 1.3021 0.00 11.00 
0.42 0.6782 > 50 89 0.4045 0.4936 0.00 1.00 

History of migraine 
headaches 

< 50 77 0.5974 1.7716 0.00 11.00 
1.80 0.0730 > 50 89 0.2472 0.4338 0.00 1.00 

Age at 
hysterectomy 

< 50 77 22.961 22.877 0.00 66.00 
0.42 0.6782 > 50 89 21.449 23.784 0.00 73.00 

Years of estrogen 
replacement use 

< 50 77 5.7922 9.0249 0.00 32.00 
0.74 0.4613 > 50 89 4.8034 8.2239 0.00 35.00 

Current estrogen 
replacement use 

< 50 77 0.2597 2.1667 0.00 19.00 
1.13 0.2595 > 50 89 0.0000 0.0000 0.00 0.00 

Years of birth 
control use 

< 50 77 5.2143 6.8328 0.00 30.00 
1.65 0.1012 > 50 89 3.5112 6.4662 0.00 30.00 

Family history of 
MI 

< 50 77 0.8052 1.2777 0.00 11.00 
0.35 0.7241 > 50 89 0.7528 0.5283 0.00 2.00 

Pack year history of 
smoking 

< 50 77 11.286 15.585 0.00 80.00 
0.75 0.4523 > 50 89 9.4719 15.366 0.00 60.00 

Years of 
secondhand smoke 
exposure 

< 50 77 21.857 18.793 0.00 61.00 
3.00 0.0031 > 50 89 30.483 18.166 0.00 66.00 
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Table 4-11.  Continued 

Variable CAD50 
N 

(166) Mean Std dev Minimum Maximum t-test p-value

Weight (lbs) 
< 50 77 174.1 42.847 112.00 310.00 

1.09 0.2786 
> 50 89 166.97 41.607 82.00 325.00 

Height (inches) 
< 50 77 63.464 3.5093 51.5 70.00 

0.05 0.9570 > 50 89 63.489 2.277 58.00 70.00 

Exercise times per 
month 

< 50 77 11.792 10.202 0.00 30.00 
1.12 0.2661 > 50 89 13.618 10.773 0.00 30.00 

Hours per attempt 
of exercise 

< 50 77 0.711 0.8623 0.00 4.00 
0.22 0.8273 

> 50 89 0.7444 1.0716 0.00 6.00 
Note:  N = 166 
 
Table 4-12.  Optimal logistic regression model for the presence of CAD 20%  

Parameter 

Estimate 
Maximum 
Likelihood 

Standard 
error 

Wald 
Chi-Square p-value 

Intercept -8.7953 1.6464 28.5372 <.0001 

Abnormal Dual Stress 0.9484 0.4445 4.5536 0.0328 

Hands/Arms Tingling 1.1351 0.4394 6.6727 0.0098 

History of High 
Cholesterol 

1.0649 0.4377 5.9205 0.0150 

History of Diabetes 1.5191 0.5062 9.0075 0.0027 

Age 0.1091 0.0215 25.6454 <.0001 
 
Table 4-13.  Odds ratio estimates of the presence of CAD 20%                                                                       

Effect Point estimate
95% Wald 

confidence limits 

Abnormal Dual Stress 2.58 1.08 6.17 

Hands/Arms Tingling 3.11 1.32 7.36 

History of  High Cholesterol 2.90 1.23 6.84 

History of Diabetes 4.57 1.69 12.32 

Age 1.12 1.07 1.16 
Note: N = 166 
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Table 4-14.  Optimal logistic regression model for severe CAD  

Parameter 

Estimate 
Maximum 
Likelihood 

Standard 
error 

Wald 
Chi-Square p-value 

Intercept -8.3010 1.5933 27.1443 <.0001 

Hands/Arms Tingling 1.1557 0.4159 7.7216 0.0055 

History of Diabetes 1.1706 0.4676 6.2660 0.0123 

History of Thyroid Disease 1.0147 0.4079 6.1877 0.0129 

History of Menopause Onset 0.8907 0.3943 5.1040 0.0239 

Age 0.0951 0.0215 19.5499 <.0001 

Years of Secondhand Smoke 
Exposure 

0.0260 0.0105 6.0737 0.0137 

 
Table 4-15.  Odds ratio estimates of severe CAD  

Effect Point estimate 
95% Wald 

confidence limits 

Hands/Arms Tingling 3.18 1.41 7.18 

History of Diabetes 3.22 1.29 8.06 

History of Thyroid Disease 2.76 1.24 6.14 

History of Menopause Onset 2.44 1.13 5.28 

Age 1.10 1.05 1.15 

Years of Secondhand Smoke 
Exposure 

1.03 1.01 1.05 
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CHAPTER 5 
DISCUSSION 

The purpose of this exploratory research study was to help healthcare professionals have 

a better understanding of which symptoms can be most helpful in identifying women who are at-

risk of having CAD and allow healthcare workers to determine which women should undergo 

cardiovascular diagnostic tests that are highly predictive such as cardiac catheterization. The 

following chapter provides a discussion of the findings and suggests clinical implications and 

future research. 

Summary of the Study 

 This exploratory study was carried out in four outpatient cardiac catheterization 

laboratories in Orlando, Florida. Women between the ages of 40 and 89 years that had not 

previously had a diagnostic cardiac catheterization performed and were scheduled for an elective 

procedure were asked to volunteer for participation. One hundred and sixty six women were 

recruited and agreed to the informed consent to undergo a structured interview by the PI 

completing the survey and a catheterization by their own cardiologist. The structured interview 

survey portion of the study, the MAPMISS, consisted of a comprehensive measure of overall 

health symptoms that contained multiple variables in the study. The remainder of the study 

consisted of the subjects undergoing the cardiac catheterization procedure in order to quantify 

CAD. Logistic Regression analysis was used to determine how well the symptoms discriminated 

for CAD level of the subjects.  

Conclusions 

Two research hypotheses were explored and are considered. The first hypothesis was to 

examine if there were differences in women’s prodromal cardiac symptoms between those that 

have CAD and those that do not. Results from this study suggest that women’s prodromal 
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symptoms do not exhibit a significant relationship to the presence of CAD (≥ 20% stenosis). The 

most unanticipated finding was that neither pain symptoms nor general symptoms made the list 

of major contributors.  Surprisingly, only comorbidities have a significant relationship with the 

presence of CAD 20%. Comorbidity conditions such as high cholesterol (Chi-square = 8.43, 

p = 0.0037), cancer (Chi-square = 4.18, p = 0.0410) and diabetes (Chi-square = 5.73, p = 0.0138) 

can possibly help predict the presence of CAD in women. Those women who had experienced 

menopause onset (Chi-square = 5.67, p = 0.0173) were also statistically significant for the 

presence of CAD. As was expected these results confirm that those women who had a history of 

smoking (Chi-square = 4.31, p = 0.0378) were more likely to have CAD 20% (AHA, 2005b, 

2008). Not expected however, was that with our knowledge of the suspected dangers of the use 

of exogenous estrogens in women, that a lower percentage of those who had used birth control 

(Chi-square = 8.63, p = 0.0030) and who were currently using estrogen replacement therapy 

(Chi-square = 4.51, p = 0.0336) had CAD (Mosca et al., 2007).  Between those women who did 

and did not have severe CAD, statistically significant differences were found to include the mean 

age of the subjects, a history of migraine headaches, the number of years of birth control use, and 

the years of secondhand smoke exposure. The TUS posits that symptoms are multiplicative and 

result in a feedback loop; results from this portion of the study suggest that possibly 

physiological, psychological and situational forces create a milieu that fosters CAD.  

By way of contrast, results from this study revealed that women’s prodromal symptoms 

do exhibit a significant relationship to the presence of severe CAD (≥ 50% stenosis).     

Overall, the finding that the hallmark symptoms for men with CAD were absent from these 

results is not surprising. Men typically present with the classic symptoms of MI such as shortness 

of breath ,chest pain and pressure radiating to the jaw and down the left arm (Gibbons et al., 
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1999; Mosca et al., 2007). McSweeney and colleagues reported that women rarely feel any chest 

sensation at all, and that their symptoms are often more covert or subtle (McSweeney et al., 

2001; McSweeney et al., 2003; McSweeney & Crane, 2000). In the current study, a lower 

percentage of women who had neck/throat pain had severe CAD (19.10% vs. 32.47%, Chi-

square = 3.90, p = 0.0482) and a lower percentage of women who had numbness or burning of 

arms had severe CAD (12.36% vs. 27.27%, Chi-square = 5.90, p = 0.0151). These particular 

inverse significant relationships are interesting. These relationships suggest a possible opposing 

or neutralizing effect as to a multiplicative effect as proposed on the TUS. When one closely 

scrutinizes the sample demographics it is hard not to notice the education status (54.22% with 

less than a high school degree) of the subjects. Questions may arise as to how the sample 

population differentiated numbness and burning from hand/arm tingling (Chi-square = 4.73, 

p = 0.0297) that demonstrated a statistically significant relationship, 44.94% of women who had 

severe CAD vs. 28.57% that did not. It may be suggested that the symptom of pressure radiating 

to the jaw and neck/throat pain as well as pressure radiating down the left arm when compared to 

hand/arm tingling or numbness or burning of arms are very similar. In argument against this 

suggestion, the MAPMISS specifically questions women regarding pain symptoms in the jaw, 

neck/throat, left arm pain, right arm pain and top of shoulder pain. During the structured 

interview additional descriptors were used to distinguish between the sensations of pressure, 

tingling, numbness and burning. Research on language expression between genders in the way 

that angina symptoms are described and reported is scant at best. A few studies suggest that 

differences do exist: however, additional research is needed to examine the nature and 

consequences of language use (Kimble et al., 2003; Philpott et al., 2008). 
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 The second hypothesis was if the identification of a prodromal symptom or a cluster of 

prodromal cardiac symptoms would discriminate between those women who have CAD and 

those that do not. Thus, allowing healthcare professionals to identify women who are at-risk of 

having CAD. In order to answer this hypothesis, a backward logistic regression model was built, 

allowing the use of both continuous and categorical variables to determine if differences existed 

between those with and without the presence of CAD (≥ 20% stenosis). The model revealed that 

subjects who complained of tingling of the hand/arms had 3.11 times higher odds of having the 

presence of CAD ≥ 20%. Thus a single symptom emerged. This finding is alluded to in a recent 

research study that examined differences in symptoms between men and women when 

hospitalized for ACS, non-ST segment myocardial infarction, or STEMI (DeVon et al., 2008). 

Unsurprisingly the usual suspect triad of diabetes, high cholesterol and age reappeared as part of 

the optimal model. Diabetic subjects had 4.57 times higher odds of having the presence of CAD 

(≥ 20% stenosis).  In addition, high cholesterol (OR = 2.90, 95% CI, 1.23-6.84, p = 0.0150) and 

age (OR = 1.12, 95% CI, 1.07-1.16, p = <.0001) were significant risk factors for the presence of 

CAD ≥ 20%. Contrary to reported research, in this study, those women with an abnormal dual 

stress test had 2.58 times higher odds of having the presence of CAD ≥ 20% (DeCara, 2003).  

Then a backward logistic regression model was constructed to determine if differences 

existed between those with and without severe CAD (≥ 50% stenosis). The results of the logistic 

regression model indicated once again that subjects who expressed that they had experienced the 

symptom of a tingling of the hand/arms had 3.18 times higher odds of having severe CAD.  

Other factors that were included in the model were exposure to secondhand smoke (OR = 1.03, 

95% CI, 1.01-1.05, p = 0.0137), a history of thyroid disease (OR = 2.76, 95% CI, 1.24-6.14, p = 

0.0129), history of menopause onset (OR = 2.44, 95% CI, 1.13-5.28, p = 0.0239), the age of the 
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subject (OR = 1.10, 95% CI, 1.05-1.15, p = <.0001) and a history of diabetes (OR = 3.22, 95% 

CI, 1.29-8.06, p = 0.0123). 

Strengths and Limitations 

When evaluating the results of this study, several strengths and limitations should be 

considered. The real strength of this study is that to my knowledge this study is the first to 

explore the relationship between prodromal symptoms and disease presence of CAD among 

women prior to MI. Furthermore, while many studies have examined prodromal symptoms post 

MI in a retrospective method, this study has been the first to prospectively explore prodromal 

symptoms in the clinical setting using an invasive procedure. Secondly, it should be pointed out 

that if this study had to pay for the cardiac catheterization portion of this investigation it would 

have cost more than $2,075,000 dollars (166 x $12,500).  

In an attempt to enroll an unbiased sample, subjects were recruited from multiple 

locations. However, despite the attempt to limit bias, it should be noted that the women who 

participated in this study were already identified by their primary healthcare provider as having 

an indication that placed them at-risk for CAD in the first place. Although analysis evaluating the 

sample did show similar rates of CAD (61% with CAD≥ 20% stenosis and 54% with CAD≥ 50% 

stenosis) to published reports (DeCara, 2003; Fowler-Brown et al., 2004; Mora et al., 2003) one 

must remember that medicine is a business and motivation for diagnostic evaluation is not 

always clear cut.  

Physician skill in performing the catheterization as well as the primary investigators 

expertise in reading coronary angiography in most instances was a strength; however, from time 

to time consultation was necessary. Variation in diagnostic imaging between cardiac 

catheterization laboratories is another potential limitation.  The manufacturers of the imaging 

equipment were different in each laboratory with the exception of the two Cardiovascular 
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Centers, LLC sites. To combat the possibility that QCA would differ in each laboratory care was 

taken to transfer all images to CD-ROM format for offline review and quantification at a single 

location using the same QCA software package (Sanmartin et al., 2004).   Additionally, image 

quality is may be degraded if the image intensifier is to far from the radiation source and is also 

dependent on patient size. The larger the subject the more radiation is needed to visualize the 

coronary anatomy.   

Another limitation may be the sample size, in the face of significant recruitment 

challenges (i.e. labs closing, or cases being moved to inpatient facilities) it may be considered 

relatively limited. This limitation may have resulted in reduced significant findings regarding the 

stated hypothesis. It should also be noted that this study was a cross-sectional design and 

therefore, examined cardiac status in a single time point along the continuum of life and may not 

accurately reflect the dynamics of cardiovascular disease.  

As with all research involving self report measures consideration should be given to the 

fact that patients may lack language skills necessary to express themselves fully, be influenced 

by their surrounding or how they would like themselves to be perceived. In an attempt to 

minimize these factors patients were interviewed in privacy, behind closed doors or pulled 

curtains without family members or other staff present when possible. Assurances of 

confidentiality regarding their responses and anonymity after data collection were offered.  

Implications and Recommendations 

 The review of the literature relevant to prodromal symptoms in women suggests a vast 

difference between what is expected by healthcare providers and what is expressed or 

experienced by women. The current study will add to the body of literature in a substantial way. 

Given that women report different symptoms than men when faced with MI a reasonable 
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assumption is to expect that women will have a different presentation in the prodromal phase of 

cardiac disease; these hypotheses were in part supported by these results. 

 Particular to the findings of this study and other research differences in symptom 

expression and experience between genders, future research needs next to address the formation 

of an assessment tool that will help healthcare workers quickly identify women at-risk for CAD. 

Timely diagnosis of CAD is the key to abating the catastrophic consequences that occur as a 

result of a MI. Results from this study have revealed the symptom of hand/arm tingling is 

possibly more telling of CAD in women while neck/throat pain and numbness or burning of the 

arms may have a negative discriminating quality. The prodromal symptoms of hand/arm tingling, 

neck/throat pain and numbness or burning of the arms in combination with comorbidities 

including diabetes, onset of menopause, exposure to secondhand smoke, age and a history of an 

abnormal dual stress test warrant further exploration. The revised model of the TUS conceptual 

framework suggests several further research directions. One recommended direction is to explore 

how the prodromal symptoms of hand/arm tingling, neck/throat pain and numbness or burning of 

the arms are differentiated and influence each other. Another recommended direction is to 

examine the functional, cognitive and physical performance deficits that are a result of 

prodromal symptoms. The revised model of TUS offers a lifetime of future research 

opportunities. 

 Many women are unaware that they may experience atypical prodromal symptoms that 

change in intensity, frequency and have varied times of onset that can warn them of impending 

cardiac problems. Furthermore, many healthcare providers are not in tune to the differences in 

prodromal symptom presentation that may be present between men and women involving CAD. 

Further research is indicated to facilitate early symptom recognition by both patient and provider. 
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Effective prodromal symptom recognition in women with CAD the major component of CHD 

can prevent a negative diagnostic experience and improve overall healthcare outcomes.   

Conclusion  

In summary, CHD in women is a global health and economic problem. Cardiovascular 

heart disease is America's number 1 killer of women and men. Women are unaware that the 

major component of CHD, CAD is a significant health threat and that few women have discussed 

CAD with their primary healthcare provider. Healthcare professionals need to have a better 

understanding of which symptoms would be most helpful in identifying women who are at-risk 

of having CAD and allow them to determine which women should undergo cardiovascular 

diagnostic tests that are highly predictive such as cardiac catheterization. The prodromal 

symptoms of hand/arm tingling, neck/throat pain and numbness or burning of the arms in 

combination with comorbidities including diabetes, onset of menopause, exposure to secondhand 

smoke, history of thyroid disease, age and a history of an abnormal dual stress test have emerged 

as possible predictors of CAD in women. Given these considerations, this study offers new 

information regarding prodromal symptoms and the determination of CAD in women. 
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