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ABSTRACT
Objectives: The objectives of this study are to use
CART (Classification and regression tree) and stepwise regression to 1) define the predictors of quality
of life in ACS (acute coronary syndrome) patients,
using demographics, ACS symptoms, and anxiety as
independent variables; and 2) discuss and compare
the results of these two statistical approaches. Background: In outcome studies of ACS, CART is a good
alternative approach to linear regression; however,
CART is rarely used. Methods: A descriptive survey
design was used with 100 samples recruited. Result
and Conclusions: Anxiety is the most significant predictor and also a stronger predictor than symptoms
of ACS for the quality of life. The anxiety level patients experienced at the time heart attack occurred
can be used to predict quality of life a month later.
Furthermore, the majority of ACS patients experienced a moderate to high level of anxiety during a
heart attack.
Keywords: CART; Stepwise Regression; Acute
Coronary Syndrome; Anxiety; Quality of Life

1. INTRODUCTION
Acute coronary syndrome (ACS) includes any group of
syndromes such as unstable angina (UA), non-ST-elevation MI (NSTEMI) and ST-elevation MI (STEMI) [1]. In
United States the direct and indirect costs of coronary
heart disease, which includes ACS, were about $165.4
billion in 2009 [1]. In Taiwan, heart disease is among the
*
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top two leading causes of death, and in 2011, one person
died of heart disease every 33 minutes and 32 seconds
[2].
Patients with ACS experience chest pain, dyspnea,
nausea, vomiting, diaphoresis, fatigue, dizziness, and the
pain can radiate to the neck, chin, and left shoulder [3].
Dec Von (2008) [4] illustrated that in regard to gender,
men commonly experience more chest pain while women are more likely to report indigestion, palpitations,
nausea, weakness, and numbness of the extremities. Shih
et al. (2009) [5] indicated women experience more back
pain, palpitations, nausea/vomiting, and loss of appetite,
compare to men. To sum up, women tend to experience
more associated symptoms than men. Additionally, a
greater number of ACS symptoms and more chest pain
are associated with a higher level of anxiety [5,6].
Anxiety can be the consequence of a coronary disease
as well as playing a contributing role [7-9]. Koivula et al.
(2001) [10] reported that nearly half of their patients had
medium to high anxiety while awaiting cardiac surgery.
Other studies have shown that anxiety levels decrease
after a cardiac event, such as a heart attack, angina, or
surgery [11,12], while Andrew (2000) [13] found that
40% - 50% of patients still experienced anxiety following heart surgery, and 20% of cardiac patients remain
anxious even one year after surgery [14]. Additionally,
after cardiac surgery women tend to suffer higher levels
of anxiety than men do [15].
Both ACS symptoms and anxiety play important roles
in the quality of life. The more ACS symptoms are experienced by patients, the lower the quality of life [1618]. Anxiety levels increase with a cardiac event, and
higher anxiety levels are associated with a lower quality
of life and poor outcomes [19-25]. Therefore, patients
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who have fewer ACS symptoms and lower anxiety are
more likely to achieve a better quality of life.
Classification and regression tree (CART) analysis has
gradually become a popular statistical technique in health
sciences because the decision tree is easy to understand
and provides a clear means to make clinical decisions
[26]. Unlike traditional regression analysis, CART is able
to manage data that is not normally distributed, as well as
handling different types of independent variables, including continuous, categorical, or a mix of both. CART
also can manage complicated interactions between variables because non-predictable independent variables are
not included in the final tree neither influences the results.
In comparison, linear regression can provide a single,
best-fit line through parametric data without bias. While
linear regression is an acceptable and commonly used
analytic tool, CART is considered a good alternative to
analyze data [26,27].
In short, symptoms and anxiety are important correlates of quality of life in ACS patients. CART is an alternative approach for data analysis to linear regression in
determining the predictors of the dependent variable. In
outcome studies of ACS, however, CART is rarely used.
Thus, the objectives of this study are to 1) use CART and
stepwise regression in defining the predictors of quality
of life in ACS patients, using demographics, ACS symptoms, and anxiety as independent variables; and 2) to
discuss and compare the results of these two statistical
approaches.

2. METHODS
A descriptive survey design was used in this study. Participants were recruited between August 2010 and February 2011, using the following criteria: 1) hospitalized
in a cardiac unit ward, 2) between 20 and 80 years old, 3)
diagnosed as having ACS, 4) experienced a cardiac attack within a month, and 5) able to communicate. Those
who had cardiac surgery within three months or who had
psychiatric problems were excluded. G*Power, Version
3.1 (Department of Criminology, University of Melbourne, Parkville, Victoria 3010, Australia), was utilized
to estimate sample size. The analysis determined that at
least 82 participants should be sampled, based on the
significance level being set at α = 0.05, the statistical
power at (1 – β) = 0.80, and effect size at 0.30.

2.1. Instruments
Demographic questionnaire. This questionnaire included
items related to age, gender, education, employment status, living status (with whom the patient was living), primary caregiver, religion, tobacco use, alcohol use and
exercise habit. There are six different frequency of exercise habit (daily, 3 - 6 times a week, 1 - 2 times a week, 3
Copyright © 2012 SciRes.

- 4 per month, 1 - 2 times per month and no regular exercise) with more than 30 mins duration per time. Selfperceived family support and self-perceived environmental support, which were measured on a 10-point Likert scale, with a higher score indicating higher satisfaction.
The Charlson Comobidity Index (CCI) was used to
assess a co-existing disease. CCI is a measure of the
probability of one-year mortality based on comorbidity
in patients hospitalized in general hospitals. CCI consists
of a list of 19 comorbid conditions weighted according to
the risk of death, with the scores summed to produce an
index score. The potential scores of this index range from
0 to 37, with higher scores indicating greater severity of
the patient’s health condition [28-31].
Symptoms of Acute Coronary Syndrome Inventory
(SACSI). This inventory is used to assess ACS symptoms
and includes three sections. In the first section, 20 symptoms are described, and patients, using a 5-point Likert
scale, rate the symptom, with 0 indicating no symptoms,
1 indicating mild, 2 indicating moderate, 3 indicating
severe, and 4 indicating very severe. In the second section, 14 locations in the body, where pain or discomfort
may be experienced, are presented, and patients indicate
“yes” or “no”. In the third section, 14 different types of
pain severity are presented, and patients indicate “yes” or
“no” [4].
The original SACSI was translated into Chinese by a
nurse with 10 years of experience whose primary language is Chinese. Next, a bilingual individual with doctoral preparation did the back translation into English to
compare it with the original questionnaire. The Chinese
version also was reviewed and revised by an expert panel
that included two master’s-prepared nurses, one nursing
faculty member with a doctorate, and one cardiologist. In
this study, the content validity index (CVI) of the final
Chinese version of the SACSI was 0.97, and Cronbach’s
alpha was 0.56.
State Trait Anxiety Inventory (STAI). The Chinese version of the STAI was used to measure anxiety. The scale
consists of 20 state anxiety items and 20 trait anxiety
items. State anxiety is a temporary feeling of anxiety,
while trait anxiety is a tendency to be anxious. Respondents use a 4-point Likert scale (0 = none, 1 = minor, 2 =
moderate, and 3 = severe) to indicate the degree of anxiety. The total score ranges from 20 to 80, with a higher
score indicating a higher level of anxiety. The Chinese
version of the STAI has been reported to have good psychometric properties, and the STAI has been used with
the cardiac population [32]. In this study, Cronbach’s
alpha was 0.81.
Medical Outcomes Short Form 36-Health Survey (SF36). The physical aspect of quality of life was measured
OPEN ACCESS
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by the physical component summary (PCS) of the Taiwanese version of the SF-36. Eight domains comprise
physical function, role limitation caused by physical problems, role limitation caused by emotional problems, social function, bodily pain, mental health, vitality, and
general health. These eight domains can fall into either
the PCS or the mental component summary (MCS). The
score of each domain ranges from 0 to 100, with higher
scores indicating a higher quality of life. For the purpose
of this study, only four domains of the PCS were considered: physical function, role limitation caused by physical problems, bodily pain, and general health [33]. A
score of >60 was identified as indicating a good quality
of life, using norming standardized scores based on Taiwan-specific scoring algorithms [34]. Validity and reliability of the Taiwan version of the SF-36 are considered
good, and the SF-36 has been used with cardiac patients
[25]. In the present study, Cronbach’s alpha was 0.863.

2.2. Data Collection
The researcher invited potential patients from the cardiac
ward. When a patient agreed to participate, a consent
form was given to him or her, and the researcher, in person, assured the participant of the confidentiality of his
or her information as well as the right of the participant
to withdraw from the study at any time without negative
consequences. The researcher assisted each participant in
completing the demographic questionnaire, SACSI, and
STAI prior to discharge. Participants were asked to recall
the anxiety level during heart attack when they filled in
STAI. One month later, all participants received the
SF-36, along with a stamped, addressed envelope by
which to mail the form back after completion. A total of
105 participants were recruited, of whom 100 completed
the study.

2.3. Data Analysis
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3. RESULTS
3.1. Demographics
As seen in Table 1, the mean age was 62.26, and males
accounted for 75% of participants. Most of participants
(96%) took care of themselves, 60 (60%) patients were
non-smokers, and 77 (77%) patients did not drink alcohol. More than half (61%) of the patients never or seldom
Table 1. Demographics (N = 100).
Variables

n

%

Age

Mean ± SD
62.26 ± 10.725

Gender
Male

75

75.0

Female

25

25.0

Education
Below elementary

35

35.0

Junior/High school

31

31.0

AA/Bachelor

27

27.0

Graduate school or above

7

7.0

Religious
None

35

35.0

Buddhism/Dao

61

61.0

Christian/Catholic

4

4.0

None

61

61.0

Yes

39

39

Married

89

89.0

Other

11

11.0

With family

94

94.0

Alone or other

6

6.0

Self

66

66.0%

Family/other

34

34.0%

Non-smoker

60

60.0

Quit

20

20.0

Habitual

20

20.0
77.0

Employee status

Marital status

Living status

Primary care provider

Tobacco use

CART was run with S-Plus 6.2 software (Insightful Inc.,
New York, NY, USA). The Gini method was used to establish an optimal tree. The first step of CART is to build
the tree by splitting the parent node into child nodes. The
second step is to stop the process of growing the tree.
The minimum contact points sets at 10 and 5 and the
deviance of the minimum node sets at 0.1 as stop condition. The third step is to prune the tree to create a simple
tree with important nodes. The final step is to select the
optimal tree that fits the information in the database
[26,27,35]. In addition, SPSS, Version 17.0, software
(SPSS Inc, Chicago, IL, USA) was used to run stepwise
regression. These two statistical approaches were used to
determine predictors of the dependent variable. The p
value was set at <0.05.
Copyright © 2012 SciRes.

Alcohol use
Non

77

Quit

7

7.0

Habitual

16

16.0

None

49

49.0

Non-regular

12

12.0

Regular

39

39.0

Exercise habit

Family support

9.26 ± 1.307

Environment support

8.91 ± 1.741

CCI

3.44 ± 0.912
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exercise. The mean for the CCI was 2.58. The majority
of the participants perceived their family support and
environment support as good.
ACS symptoms, anxiety status, and physical component of quality of life patients of both genders experienced certain ACS symptoms, including chest pain/discomfort (95%), difficulty breathing (47%), and sweating
(34%). Concerning severity, 71% of participants expressed severe or very severe chest pain/discomfort and
39% expressed severe or very severe difficulty in breathing. The most frequent locations for pain were center of
the chest (74%), left side of the chest (54%), left shoulder (20%), and left arm (17%). In addition, heaviness
(57%), tightness (23%), and pressure (12%) were frequently used terms to describe the pain/discomfort. In
regard to gender, more women had chest pain/discomfort,
difficult breathing, shortness of breath, and sweating, as
compared to men. Women also experienced higher level
of severe vomiting and shortness of breath, as compared
to men.
In regard to anxiety, the mean score for the state of
anxiety was 49.36 and, for trait anxiety, 43.83. Notably,
85% of participants experienced moderate or a severe
state of anxiety, and 68% had moderate or severe trait
anxiety when their symptoms occurred. Women had
higher scores for trait anxiety, but the difference was not
statistically significant. For the physical aspects of the
quality of life, the mean score was 49.75, indicating that
participants did not have a good quality of life.

3.2. CART Analysis
PCS was identified by CART analysis as the dependent
variable. Figure 1 presents a classification tree that
shows that trait anxiety and exercise habits were selected

as predictive variables. The first child node arose from a
cut point of 51.5 for trait anxiety, and exercise habits
split the node into two child nodes; therefore, four terminal nodes were established.
There were 78 patients whose trait anxiety score was
lower than 51.5, and, among them, 45 patients had a
regular exercise habit, yielding a mean score of 51.21 for
PCS, indicating a good physical aspect of quality of life.
The other 33 patients did not exercise regularly and obtained a mean score of 45.82 for PCS. In addition, there
were 22 patients whose trait anxiety score was over 51.5,
and, among them, 6 patients had a regular exercise habit,
yielding a mean score of 44.82 for PCS. The other 16
patients did not exercise regularly and, thus, had a mean
score of 33.76 for PCS.

3.3. Regression Analysis
Stepwise regression was used to determine the predictors
of PCS. As seen in Table 2, trait anxiety and exercise
habits were the most significant predictors, explaining
33.8% of the variance in PCS. In addition, sweating, new
onset cough, self-perceived family support, and state
anxiety also predicted better quality of life.

4. DISCUSSION
The results of the present study showed that chest pain/
discomfort is the main symptom of angina, which is consistent with previous research [4]. Additionally, more
women had chest pain/discomfort, difficulty breathing,
shortness of breath, and sweating, as compared to men.
Women experienced higher-level severity of vomiting
and shortness of breath, as compared to men. The differences in symptoms between genders were somewhat different from what is seen in Western studies, which shows

Figure 1. Decision tree of physical components’ summary for the quality of life TA = Trait Anxiety.
Copyright © 2012 SciRes.
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Table 2. Predictors of PCS (Stepwise regression).
Variable

Physical summary component
β

R2

Adj R2

F

p

1.

Trait anxiety

–0.455

0.207

0.199

250.543

0.000***

2.

Exercise habit

0.366

0.338

0.325

190.304

0.000***
0.034*

3.

State anxiety

–0.383

0.369

0.349

40.605

4.

Sweating

–0.183

0.400

0.381

50.148

0.026*

5.

Family support

0.179

0.429

0.405

40.835

0.030*

6.

New onset cough

–0.163

0.455

0.426

40.531

0.036*

*p < 0.05, **p < 0.01, ***p < 0.001.

that women experience more back pain, indigestion, palpitation, vomiting, fatigue, and numbness [4,5]. Both the
present study and western studies show that women had
more associated symptoms than did men. An understanding of gender difference in symptoms can provide
clinicians with additional means to identify a cardiac
event. The potential reasons for the differences between
the findings of the present study and those of Western
studies warrant further investigation.
The present study showed that, when symptoms occurred, 85% of participants experienced a state of anxiety
and 68% had trait anxiety. The level of anxiety in our
study was higher than that of the Koivula et al. (2001)
[10], a study of patients waiting for cardiac surgery. In
the present study, women experienced higher anxiety, a
finding that is in keeping with previous research [15].
The anxiety may come from uncertainty and the “unknowns” associated with the disease [7]. Thus, increasing patients’ knowledge of their disease and educating
them to self-manage or to seek help is very important.
Certain pathophysiology mechanisms were involved in
anxiety responds which might affect one’s physical aspect of quality of life. Anxiety was associated with excessive of sympathetic nervous system (SNS) activation,
which may result in poor cardiac outcomes. SNS activation contributes to platelet aggregation, volume contraction, recurrent thrombus formation, electric instability
and endothelial dysfunction were reported [36]. Previous
research also revealed compare to non-anxious patients,
patients suffering from anxiety are generally more sensitive to physiologic changes which might have negative
impact on recovery [37].
CART analysis uses binary recursive partitioning to
split the original node into two nodes. Rood node was
first split by trait anxiety, which indicating trait anxiety is
the most significant independent variable and the second
child node was split down by exercise habit. This process
repeats until an optimal tree, for which each terminal
node indicates a specific pattern of subgroups, is established. All of the information in the database was able to
be analyzed in a decision tree model, rather than through
linear regression, which usually selects certain indepenCopyright © 2012 SciRes.

dent variables based on the literature or clinical experience [26,27].
According to CART analysis, among ACS patients,
less trait anxiety and a regular exercise habit predicted a
better quality of life. The symptoms of ACS, however,
were not selected, which indicated that trait anxiety and a
regular exercise habit had a greater contribution to the
quality of life than did the symptoms that ACS patient
experienced. CART analysis is simple and clear, which
are considered its greatest strength. Nevertheless, the
results based on CART might be difficult to compare
with the results of other studies because previous research that uses CART analysis to determine predictors
of ACS is very limited. In such studies, linear regression
is more commonly used.
In addition to trait anxiety and a regular exercise habit,
sweating, new onset cough, self-perceived family support, and a state of anxiety were identified as significant
predictors of better quality of life in linear regression
model. These predictors were identified and their contribution to the dependent variable was determined through
the value of the coefficient. Anxiety, exercise, and family
support have been reported as important contributors to
better quality of life. As such, the results of the present
study support those of previous studies [19,23-25,38,39].
Our study’s result on the impact of sweating and new
onset of coughing on the quality of life, is a new finding.
It may be that patients’ experiencing a cough for the first
time results in anxiety over the presence of a new symptom. The sweating, then, is a response to this anxiety.
Such discomfort and anxiety could decrease quality of
life.
In short, each approach presented had its advantages
and disadvantages. CART analysis is appropriate for
medical/clinical use as a means to determine the characteristics of good outcomes. However, the decision tree
was developed to only four terminal nodes, and some
factors, such demographics and symptoms of ACS were
not selected to be part of the tree. Unlike CART, linear
regression is a parametric analysis method and requires a
normal distribution of the database. The benefits of linear
regression are that it is widely used, accepted, and unOPEN ACCESS
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derstood. In short, using both CART and linear regression for clinical data is a good way to analyze the results
from different statistical approaches, yielding valuable
information for clinical use.
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5. LIMITATIONS AND
RECOMMENDATIONS
The contribution of anxiety and ACS symptoms during a
cardiac event to the quality of life one month later was
examined in this study. Nevertheless, what occurred during one month later was not followed or recorded. Thus,
related medical treatment could have influenced the outcomes. Therefore, conducting face-to-face interviews a
month after the cardiac event to discover how the patients felt is recommended. In addition, NYHA (New
York Heart Association) function status should be assessed and collected since large or recurrent infraction
may lead to heart failure. Anxiety was measured only at
an early stage, rather than a long-term follow up after
discharge. Patients might have the same, decreased, or
increased levels of anxiety, which could potentially affect
their quality of life. Thus, the collection of data at different points of time after discharge is recommended to
identify healthcare needs at specific times. Another limitation is the low reliability of the SACSI, which might
have been due to the unfamiliar terms used to describe
different characteristics of pain. Employing pilot testing
and an expert panel discussion as a means to review or
delete terms on the SACSI is recommended. In addition,
samples need to contain a greater number of women and
more participants from a variety of locations to allow for
analysis of gender and for the effect of menopause on
these variables.

6. CONCLUSION
Two important new findings were reported. First, anxiety
is a most significant predictor as well as a stronger predictor than the symptoms of ACS for quality of life.
Anxiety level that patient experienced at the time heart
attack occurred can predict quality of life a month later.
Second, the majority of ACS patients experienced a
moderate to high level of anxiety during a heart attack.
To reduce anxiety and increase the quality of life, education should focus on what could happen in a cardiac
event and what to do when it occurs in ACS patients or
those who are at risk of ACS. While it is important for
healthcare professionals to understand these aspects of
ACS, it is just as important for them to educate their patients. This would be a good first step toward patients’
having the knowledge needed to reduce their anxiety.
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