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Coronary artery bypass surgery (CABS) patients often experience many symptoms during their
early recovery over the first three months after hospital discharge. It is common for CABS
patients to experience multiple symptoms simultaneously, rather than just isolated symptoms.
1,2 Anxiety and depression are among the most commonly occurring symptoms that affect
psychosocial recovery following CABS.3,4 The presence of these symptoms is predictive of
increased morbidity and mortality within the first six months after CABS.5–7 Therefore, it is
crucial to examine psychosocial recovery in order to improve patients' overall health and health
related quality of life (HRQoL). However, there has been limited research that has examined
the types of simultaneously occurring symptoms during recovery after CABS in relation to
other patient characteristics (e.g. gender, marital status, comorbidities). Furthermore, the
literature is lacking in regards to how multiple symptoms impact the recovery of elderly CABS
patients. An approach to take to further examine multiple symptoms occurring simultaneously
among elderly CABS patients is to examine symptoms within a cluster; as multiple symptoms
can influence one another, and various cluster subgroups may impact recovery outcomes. This
is important because according to the AHA (2008), over 50% of the total CABS performed in
2005 were on patients over age 65 years.8 Although the process of aging has been suggested
as the reason for alterations in symptoms and recovery delays,9 there is a dearth of information
available on the trajectory of symptoms experienced following CABS and any age-related
impact. Therefore, the purpose of these secondary analyses were to identify and describe
subgroups of elderly CABS patients based on their symptom profile and examine how
psychosocial functioning differed by symptom cluster subgroups over time (at discharge, 6-
weeks and 3-months after CABS).

BACKGROUND
Several concepts from the Theory of Unpleasant Symptoms were used to guide this study
examining symptom clusters among elderly CABS patients at discharge.10 The main
assumptions behind this theory are that several interacting symptoms (e.g., SOB and fatigue)
may occur simultaneously and impact important patient outcomes (e.g., functioning). This
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theory also addresses factors influencing symptoms and gives consideration to them when
examining symptom clusters.11 The theory components include the symptoms experienced,
influential factors that contribute to and affect symptoms, and the consequences of the
experience. Each symptom experienced is multidimensional and can be measured by its
intensity, timing, level of distress, and quality. In the database used for these secondary
analyses, symptom frequency and severity were measured. These correspond with symptom
timing and intensity as measured by the Theory of Unpleasant Symptoms. The timing and
intensity scores were analyzed as a mean score prior to discharge from the hospital. Influential
factors are factors that influence the intensity and timing of the symptoms and are divided into
physiological (related to one's health e.g., comorbidities and baseline functioning) and
situational (aspects of one's social and physical environment e.g., gender and marital status).
These influential factors were used in this study to profile the individuals who experience
various symptom clusters. The consequences component was operationalized as outcomes for
this study.

Symptoms Experienced
Following CABS, patients often report shortness of breath, fatigue, depression, trouble
sleeping, incision pain, lower extremity edema (swelling), anxiety, and poor appetite in the
early recovery period. These symptoms usually persist up to three months following discharge
and can interfere with both physiological and psychosocial recovery outcomes; with the
symptoms typically dissipating over time.1,2,12,13 Patients experiencing more symptoms
reported poorer psychosocial functioning than those with fewer symptoms.14

Influential Factors
Many influential factors (e.g. age, functional capacity, self-efficacy, and gender) impact
symptoms and psychosocial functioning following CABS. Older adults over age 65 compared
to younger CABS usually report the presence of more symptoms.2,6,15,16 Symptoms
experienced also differ by gender,9,13,17–20 level of education,18,19 number of comorbidities,
21,22 baseline level of functioning,19,23 and marital status.13,19,23,24 Preoperative status and
functional capacity were found to negatively impact postoperative functioning;25,26 with
variability in functional outcomes being explained by self-efficacy rather than by disease
severity, functional capacity, comorbidity, or preoperative functioning.27

Consequences/Outcomes
Psychosocial functioning is one type of consequence or outcome of the symptom experience.
In several studies, psychosocial functioning was found to decline in the early-recovery period
after CABS, and was negatively influenced by the presence of early recovery symptoms such
as depression18,28 and sleep disruption.29 In a study of elderly CABS patients (N = 72), by
Doering, patients with more depressive symptoms reported significantly poorer emotional
recovery (p < 0.001) than those with fewer symptoms.28 Higher levels of depressive symptoms
assessed prior to CABS were also found to be a strong predictor (p < 0.0001) for poorer
functional recovery six months following surgery in a large study by Mallik of first-time CABS
patients (N = 963) after controlling for disease severity, angina class, baseline physical subscale
scores of the Medical Outcome Study (MOS) SF-36, and medical history.18 Edell-Gustafsson
found that sleep disruption accounted for 44.5% of the variance in quality of life and
psychosocial functioning among men (N=38) after CABS who suffered from anxiety and
depressive symptoms.29

In contrast, other researchers have reported psychosocial functioning improved over time after
CABS.30,31 Researchers studied the functional status of 47 CABS patients over time and
found that psychosocial functioning (e.g., social and mental functioning) significantly
improved (p < 0.0001) over time, at 3, 6 and 12-months after CABS.30 Similarly, Barry et al.
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reported significant improvements in psychosocial functioning (p < 0.01) over time among
subjects (n=1072) following CABS.31

Symptom Clusters
Symptom clustering is an emerging area of study in nursing. Symptom clusters have been
defined as consisting of two or more symptoms that are related to one another and occur
simultaneously.32,33 Symptom cluster research has been conducted in oncology, medical-
surgical, mental health, and cardiac populations using a variety of statistical methods including
hierarchical cluster analysis,34,35 latent cluster analysis,36 factor analysis,11,37 and regression
analysis.38,39 A few studies have examined symptom clusters in cardiac populations,34,36,37

but none have specifically analyzed symptom clusters in the CABS population. Correlations
reported between symptoms experienced among patients following CABS have provided the
foundation for study of symptom clusters in this population.1,6,40

In summary, psychosocial recovery is an important component of CABS patients' improvement
in health and overall health related quality of life. Based on previous studies, symptoms may
dissipate over time, however, the persistence of symptoms and relationship between symptoms
occurring simultaneously need to be further examined. Therefore, the use of symptom
clustering analysis can be beneficial to identify those patient profiles that may be at risk for
delayed or impaired psychosocial functioning following CABS. The specific aims of this study
were to: 1) identify and describe cluster subgroups of elderly CABS patients based on symptom
intensity/timing of eight early recovery symptoms (shortness of breath, fatigue, depression,
trouble sleeping, incision pain, lower extremity edema (swelling), anxiety, and poor appetite)
at baseline (prior to discharge); and 2) determine if these cluster subgroups varied on
demographic (age, gender, marital status, work status, and years of education) and clinical
characteristics [history of congestive heart failure (CHF), hypertension, and/or diabetes, New
York Heart Association Classification (NYHA), Charlson Comorbidity Index (CCI), Duke
Activity Status Index (DASI), self-efficacy (Barnason Efficacy Expectation Scale [BEES]),
and Hospital Anxiety and Depression Scale (HADS)] at baseline; and 3) examine how these
cluster subgroups influenced psychosocial functioning [role-emotional, social, and mental
subscales of the MOS SF-36] over time (at 3 and 6 weeks and 3 months after discharge).

METHODS
Design and Sample

Descriptive, secondary analyses were conducted on elderly CABS patients (N = 226) aged 65
years and older who had elective surgery and participated in a larger randomized clinical trial
(RCT). Although 280 patients were enrolled in the original study, only 226 met the inclusion
criteria of having complete data for the three months after hospitalization. Patients in the larger,
parent study met the following criteria: (a) 65 years of age or older who underwent CABS; (b)
discharged within seven days following CABS; and (c) no physical impairments that would
limit physical functioning following surgery.

Variables/Measures
Measures of Symptoms for Cluster Analyses—The Cardiac Symptom Survey (CSS)
was used to measure subjects' symptoms prior to hospital discharge. It consists of a 40-item
scale, which measures symptom presence, symptom evaluation (or burden) and symptom
response to 10 symptoms which commonly occur among post-CABS patients. The frequency
and severity of symptoms (ranging from 0 or no symptom to 10 most severe/intense symptom
frequency and severity) were determined with a mean timing/intensity score computed for each
symptom prior to discharge. Test-retest correlations for this survey were acceptable for each
symptom (0.85 to 1.0), as was internal consistency (0.85 to 0.98) over time.41 The symptoms
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of angina and fluttering, although addressed in the CSS, were not used in the analyses in this
study as few subjects reported these symptoms.

Measures of Demographic and Clinical Characteristics—Data were gathered prior
to hospital discharge on the following: age, gender, marital status, work status, education level,
and type of procedure, NYHA classification, ejection fraction, cardiac history (e.g., myocardial
infarction, CHF), cardiac disease risk factors (e.g., hypertension, diabetes, tobacco use). In
addition, subjects' comorbidities were measured using the Charlson Comorbidity Index (CCI).
The CCI is a weighted index that is summed based on the number and seriousness of comorbid
diseases.42 The total score (range: 0–37) was determined prior to discharge for these analyses.
The Duke Activity Status Index (DASI), which measures functional capacity, was used to
measure physiological functioning. The DASI is a 12-item self-rating, disease-specific
questionnaire.43 Weighted scores determined by the metabolic demand of activities are used
as a proxy measure to predict peak oxygen consumption (VO2) with higher scores (range: 0 –
58) representing higher capacity. Initial correlations of 0.81 were reported between DASI total
score and (VO2). The DASI has been used with a variety of cardiovascular disorders, including
CABS.44–46 Means reported in the literature for DASI in cardiac populations ranged from 20
to 27.8.43,47,48

Measures of Anxiety and Depression Clinical Characteristics—The Hospital
Anxiety and Depression Scale (HADS)49 was used to measure states of anxiety and depression.
The scale consists of subscales for anxiety and depression (7 items each) and ranges in score
of 0 to 21 for each subscale. Higher subscale scores indicate greater levels of anxiety and
depression. Factor analyses have verified the 2-factor scale, and reliability has been estimated
by Cronbach's alpha (range from .68 to .93 for the Hospital Anxiety and Depression Scale-
Anxiety Subscale (HADS-A) and from .67 to .90 for the Hospital Anxiety and Depression
Scale-Depression Subscale (HADS-D) in numerous populations).50

Measure of Self-Efficacy Clinical Characteristics—The Barnason Efficacy
Expectation Scale (BEES), consisting of 15 Likert-scale items (range: 15–60), was used to
determine the patient's self-efficacy related to aspects of recovery and lifestyle adjustment after
CABS (physical functioning, psychosocial functioning, coronary artery disease risk factor
modification and self-care management).51 Reported internal consistency reliability of the
instrument was 0.93 and principal components analysis revealed a single factor (Eigenvalue =
10.59, percent variance = 70.61%).

Measures of Psychosocial Functioning—The psychosocial functioning subscales of the
MOS SF- 36, a generic, multidimensional scale (range: 0–100) that measures both physical
and psychosocial functioning, was used.52 Internal consistency reliability alphas have been
reported in the literature from 0.67 to 0.93.53–57 In this study, the role-emotional, social, and
mental subscales were used as measures of psychosocial functioning.

PROCEDURES
Institutional review board approval was obtained prior to conducting the secondary analysis.
Demographics were obtained from the database created for the parent study. All data were
entered into a secure online database that facilitated ease of downloading into statistical
programs used for the analyses in this study.

DATA ANALYSIS
In this study, SAS 9.1 was used for data analyses, along with the R 2.8.1 statistical program
being specifically used for the cluster analyses. An overall α level was set at 0.05 for all
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analyses. Descriptive statistics were used to describe the sample and the symptom cluster
profiles. The model-based clustering method (MBCM) was performed using the R program to
determine the number clusters in the CABS sample (Aim 1), as this technique has been shown
to provide the most consistent results.58 The R program is a free software environment for
statistical computing and graphics and it was selected because the MBCM package was
originally created based on the R platform. Chi-Square and analysis of variance (ANOVA)
with Bonferroni adjustments for multiple comparisons using SAS were used to determine if
there were differences between clusters on baseline demographic and clinical factors (Aim 2).
Repeated measures analyses of variance (RM-ANOVAs) were employed to determine how
psychosocial functioning differed by symptom cluster subgroups over time (Aim 3).

FINDINGS/RESULTS
Sample Profile

A total of 226 subjects from the larger RCT parent study were included in this secondary
analysis of data. The majority of the sample was married (86 %), with an average age of 71years
(SD = 4.96). There were 187 (83 %) males and 39 (17.3 %) females included in the study; they
had only a few comorbidities based on the CCI (M=1.13 ± 1.3). The most common risk factors
among the study sample were hypercholesterolemia and hypertension both 74%. Further detail
on subject characteristics by cluster groups is depicted in Tables 1 and 2.

Identification of Cluster Subgroups—Based on the results of t-tests, eight symptoms, as
measured by the Cardiac Symptom Survey, were used to classify the subgroups of patients
after CABS. Results of MBCM demonstrated that there were three patient clusters and the
largest BIC value was −7437.67. Table 3 depicts the mean symptom burden scores for each of
the three clusters.

Furthermore, by categorizing the symptom severities into categories: Low (0–2), moderate
(>2), one could construct the cluster profile of each symptom cluster. Table 3 depicts the three
cluster symptom burden groups as Cluster 1 low symptom burden on all 8 symptoms, Cluster
3 moderate symptom burden on all 8 symptoms, and Cluster 2 as a combination of low
(shortness of breath, fatigue, depression, incision pain, anxiety) and moderate (sleep problems,
lower extremity edema [swelling], and appetite problems) symptom burden.

Cluster Subgroup Characteristics—Using ANOVAs and Chi-Square tests, there were
significant differences in clinical characteristics detected between clusters on physiological
functioning measured by the DASI [F (2, 223) = 5.12; p = 0.007] and the NYHA
classification (χ2 = 17.44; p = 0.008); self-efficacy measured by the BEES [F (2, 223) = 9.60;
p < 0.0001]; and anxiety and depression measured by HADS [F (2, 219) = 15.14; p < 0.0001].
Using Bonferroni follow-up analyses, differences in DASI scores (p = 0.005) and NYHA
classification (p = 0.006) were noted between the low and the moderate symptom burden cluster
groups; indicating that those with higher physical functioning had minor symptoms in
comparison to those with lower physical functioning who had higher symptom timing and
intensity or were more challenged in the early recovery period after CABS. The low and
moderate symptom burden cluster groups also differed on mean scores for self-efficacy (as
measured by the BEES) and for anxiety and depression (as measured by the HADS). Likewise
there were also self-efficacy, anxiety and depression differences between the combined low-
moderate and the moderate symptom burden cluster groups. Data findings indicated that when
self-efficacy was higher, subjects reported lower levels of anxiety and depression.

There were no statistically significant differences between the clusters for the demographic
variables of age, level of education; gender, marital status, and work status. Additionally there
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were no statistically significant differences between the clusters for clinical characteristics of
comorbidities; history of CHF; history of hypertension or history of diabetes.

Psychosocial Functioning and Cluster Subgroup—The influence of the cluster
groups (low, low-moderate, and moderate symptom burden cluster groups) on psychosocial
functioning examined the psychosocial functioning mean scores of the MOS SF-36 subscales
(role-emotional, social and mental functioning). There were no significant interactions between
(cluster) group* time for either role-emotional or social functioning; nor were there any
significant main effects for (cluster) group or for time. Refer to Figures 1 and 2 for an overview
of the role-emotional and social functioning mean scores by cluster group over time.

When evaluating the influence of cluster group on the mental functioning scores over time,
there was no significant interaction [F (4, 641) = 0.30, p = 0.88]; however, there was a simple
main effect for symptom burden cluster group [F (2, 641) = 4.11, p = 0.02] as depicted in Figure
3. Follow-up of simple main effects indicated symptom burden cluster group membership
influenced mental functioning scores and improved regardless of time. There were differences
between the low and the moderate symptom burden cluster groups (p = 0.01) with those who
reported greater symptom timing/intensity scores having lower mental functioning scores. The
mental functioning scores were significantly higher, reflecting better psychosocial functioning
for those in the low symptom burden cluster group [Cluster 1, estimate 92.80 (0.91)] as
compared to those in the moderate symptom burden cluster group [Cluster 3, estimate 89.39
(0.71)].

DISCUSSION
This study was conducted to identify and describe subgroups of elderly CABS patients based
on symptoms at time of discharge and to examine how these identified symptom cluster
subgroups influenced psychosocial functioning over time. The three cluster groups that
emerged in this study are congruent with current definitions of a symptom cluster as consisting
of two or more symptoms related to one another and occur concurrently32,33,59 with varying
mean timing/intensity scores across the clusters.

Significant differences were detected at baseline between the clusters on physiological
functioning (DASI and NYHA) and self-efficacy (BEES) and anxiety and depression (HADS).
In this study the low and moderate symptom burden cluster groups differed, indicating that
those with lower levels of symptoms and higher physiological functioning experienced less
anxiety and depression at time of hospital discharge, and greater self-efficacy for managing
their recovery following CABS than those with the moderate symptom burden cluster group.
Significant differences were also noted between the low- moderate and the moderate symptom
burden cluster groups for the BEES and HADS with those having the low-moderate symptom
burden cluster reporting lower anxiety and depression and greater self-efficacy than those with
the moderate symptom burden cluster. This finding is consistent with the literature, as
depression is common among patients with more symptoms, chronic illnesses, and among the
elderly.6,28,60 In this study anxiety and depression was associated with more symptoms,
findings which are congruent with other researcher who have reported that anxiety is known
to contribute to symptom exacerbation and poor psychosocial outcomes following CABS.14,
16,61

There were no significant interaction effects noted for any of the psychosocial functioning
variables over time. However, there was a simple main effect by symptom burden cluster group
for mental functioning indicating that regardless of time, cluster membership significantly
influenced mental subscale scores. Those with higher symptom scores also had higher mental
functioning scores as measured with the MOS SF-36. Overall, the adjusted mean scores for
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each symptom burden cluster group [Cluster 1 M=93, Cluster 2 M=91, and Cluster 3 M=89]
were higher in this study than previously reported in the literature, with mean scores ranging
from 65 to 69 for mental functioning.25,26,45,62,63 Based on previous research, mental
functioning (reflective of depressive symptoms) has been found to significantly predict
postoperative psychosocial functioning over time.31,61,64,65 This measure of psychosocial
functioning subscale, along with the HADS (also highest in those with higher symptom scores),
could be a useful tool to identify those patients at risk for clinicians to intervene because we
know that depression and anxiety negatively influence functioning,6028,60 other recovery
outcomes such as mortality and adverse cardiac events,5,7,7 and wound healing.28

LIMITATIONS
There are several limitations that need to be acknowledged. This study was a secondary analysis
with different purposes than the parent study, therefore there was no control over data collection
and the variables included, and symptoms were only measured through a self-reported tool.
Findings of this study have limited generalizability as the sample of this study was a
homogenous, convenience sample of primarily elderly Caucasian males who had undergone
CABS. The study sample had relatively few comorbidities, as reflected by the limited number
of subjects who had CHF or diabetes, thus limiting the generalizability to other patient
populations.

CONCLUSIONS
In the CABS population three different cluster groups were identified as low, low-moderate,
and moderate symptom burden clusters; and were characterized by higher physiological
functioning, greater self-efficacy, lower anxiety and depression, and greater psychosocial
functioning (mental) than those in the other two clusters. The moderate symptom burden cluster
group had higher symptom scores (including anxiety and depression) and lower physiological
functioning and self-efficacy than did the other two clusters. Overall, these clusters may
provide new insight for nurses in assessing, intervening, and studying early recovery symptoms
in older adults following CABS, in order for tailored discharge planning being initiated for
those patients who are at-risk for delayed psychosocial functioning (higher levels of
psychosocial symptoms and lower physiological functioning).

IMPLICATIONS FOR PRACTICE AND RESEARCH
The results of this study have implications for both clinicians and researchers. First, clinicians
must be informed that symptom clusters have been identified in elderly, post-CABS patients
and specifically which early recovery symptoms had the highest mean timing/intensity scores
by cluster groups. Although this is just a start, these symptom clusters have the potential for
providing further evaluation of multiple, concurrently occurring symptoms in this population.
Assessments of these symptoms could be completed prior to discharge and would enable
clinicians to stratify those patients at risk for impaired recovery after CABS. Clinicians can
use this data for early identification of at-risk individuals who may need assistance and in
guiding discharge planning as well as management of all symptoms (as there were strong
correlations of most symptoms) after dismissal. Categorizing patients with various levels of
symptom burden clusters may aid the clinician to provide education on various strategies aimed
at reducing symptom burden, as well as information on when to notify a physician of frequently
occurring or increasing numbers of symptoms. Ideally, clinicians could more specifically tailor
to what the patient needs at discharge or in the early recovery period rather than everyone
receiving the same, generic information. For example, by knowing that individuals stabilize
in regards to the mental functioning at six weeks following CABS, interventions designed to
improve mental status must be delivered and encouraged prior to this time especially for those
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patients with the moderate symptom burden cluster who experienced less psychosocial
improvement than those in the other symptom burden clusters. Such strategies may include
teaching the patients what to do if symptoms worsen, providing patients with resources and
contact people to whom questions and worries could be expressed, and to help patients identify
personal coping strategies to use when feelings of anxiety and/or depression worsen.
Subsequently, this information could potentially be used to support the development of
protocols and guidelines for CABS patients' recovery and could impact policy for
reimbursement for follow-up care by supporting services and resources for selected, high-risk
groups of CABS patients.

Study findings also have implications for researchers. Cluster research is in its infancy. Overall,
the results of this study provide beginning insights into symptom clusters in elderly, patients
after CABS and support the need for future studies to be designed to assure adequate
distribution of influential factors. Through profiling those at-risk patients, researchers can focus
their attention and healthcare resources on designing and testing tailored interventions to
address patients' management of the symptom clusters, rather than just a single symptom, for
improving recovery outcomes including psychosocial functioning over time. Other research is
needed to determine relationships among symptoms within the clusters; specifically, if there
is a biological basis for these symptoms in the CABS populations as suggested by researchers
studying symptom clusters in oncology populations.66,67 This work may enhance knowledge
and understanding of the etiology, pathophysiology, and influential factors that underlie
various symptoms in CABS populations ultimately advancing the science of symptom
management. When a deeper, foundational understanding of why and how symptoms cluster
is gained, a better understanding of how clusters influence psychosocial as well as physiological
outcomes will also emerge for CABS and other populations. Finally, additional studies are
needed to determine which symptoms constitute a “true” cluster so that to researchers can test
if these clusters are replicable, using this and other statistical tests in other higher risk, more
diverse post-CABS (or other cardiac) populations since this was not the intent of the original
parent study.

Summary and Implications

• Low, Low - Moderate and Moderate Symptom Burden Cluster Subgroups were
identified in this CABS population based on mean symptom timing/intensity
scores.

• Those with low mean symptom burden cluster scores and higher physiological
functioning experienced less anxiety and depression while in the hospital and
greater self-efficacy than those with the moderate symptom burden cluster.

• A simple main effect for cluster was found in the mental subscale indicating that
regardless of time, cluster group membership significantly impacted mental
subscale scores.

• By profiling those CABS patients at risk for delayed psychosocial recovering
following CABS, researchers can focus healthcare resources on designing and
testing tailored protocols to target those patients at risk for impaired psychosocial
recovery.
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Figure 1.
Mean scores (0–100) for MOS SF-36 role-emotional subscale by cluster
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Figure 2.
Mean scores (0–100) for MOS SF-36 social subscale by cluster
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Figure 3.
Mean scores (0–100) for MOS SF-36 mental subscale by cluster
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