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Abstract
Purpose—Anxiety is common in patients undergoing radiation therapy (RT) and in their family
caregivers (FCs). Little is known about individual differences in anxiety trajectories during and
after RT. This study aimed to identify distinct latent classes of oncology patients and their FCs
based on self-reported anxiety symptoms from the beginning to four months after the completion
of RT.

Method—Using growth mixture modeling (GMM), longitudinal changes in Spielberger State
Anxiety Inventory (STAI-S) scores among 167 oncology outpatients with breast, prostate, lung, or
brain cancer and 85 FCs were evaluated to determine distinct anxiety symptom profiles. STAI-S
scores were assessed just prior to, throughout the course of, and for four months following RT
(total of 7 assessments). Baseline trait anxiety and depressive symptoms (during and after RT)
were also assessed.

Results—The GMM analysis identified three latent classes of oncology patients and FCs with
distinct trajectories of state anxiety: Low Stable (n=93, 36.9%), Intermediate Decelerating (n=82,
32.5%), and High (n=77, 30.6%) classes. Younger participants, women, ethnic minorities, and
those with children at home were more likely to be classified in the High anxiety class. Higher
levels of trait anxiety and depressive symptoms, at the initiation of RT, were associated with being
in the High anxiety class.

Conclusions—Subgroups of patients and FCs with high, intermediate, and low mean levels of
anxiety during and after RT were identified with GMM. Additional research is needed to better
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understand the heterogeneity of symptom experiences as well as comorbid symptoms in patients
and FCs.

Keywords
psycho-oncology; anxiety; radiation therapy; family caregivers; growth mixture modeling;
depression

INTRODUCTION
Approximately 50% of cancer patients receive radiation therapy (RT), either alone or in
combination with surgery or chemotherapy. Clinical experience suggests that RT is
associated with significant levels of anxiety that is often underdetected and undertreated
(Stiegelis et al., 2004). In fact, findings from a recent review of studies on psychological
distress during RT (Stiegelis et al., 2004) suggest that 10% to 20% of patients experience
clinically significant levels of anxiety at the initiation of RT.

Stiegelis and colleagues’ review (2004) highlighted the considerable heterogeneity in
patients’ levels of anxiety at the initiation of RT. In addition, because of the paucity of
longitudinal studies, little is known about changes in levels of anxiety during and after the
completion of RT. Finally, virtually no information is available on the factors that predict
which patients are at greatest risk for high levels of anxiety at the initiation of and during
RT. Therefore, the present report used growth mixture modeling (GMM) to identify groups
of oncology patients and their family caregivers (FCs) with distinct profiles of anxiety
symptoms during and after the completion of RT.

Current state of research
Only three studies have evaluated for changes in anxiety symptoms in patients who
underwent RT (Andersen and Tewfik, 1985; Chen et al., 2009; Munro and Potter, 1996).
Anderson and Tewfik (1985) reported that in patients with low anxiety prior to RT, anxiety
increased during RT. In contrast, in patients with high baseline anxiety, anxiety scores
decreased during RT. Patients with moderate anxiety before treatment experienced little
change in anxiety. These findings suggest that distinct subgroups of patients with anxiety
symptoms may exist. However, this study had only two measurement points, did not
evaluate patients after RT, and had a small sample size. Munro and Potter (1996) assessed
110 patients with breast, lung, or head and neck cancer before, during, and 4 weeks after RT.
At RT initiation, 62% endorsed anxiety, whereas only 42% endorsed anxiety post-RT.
However, the severity and impact of anxiety was not reported. In 40 patients with head and
neck cancer, Chen and colleagues (2009) found that 23% reported mild anxiety, 10%
moderate anxiety, and 7% severe anxiety at the initiation of RT; anxiety scores remained
constant during and following RT. Given the paucity of longitudinal studies on anxiety in
patients undergoing RT (Andersen and Tewfik, 1985; Chen et al., 2009; Munro and Potter,
1996), these studies’ limitations, and advances made in RT since the two earlier studies were
published, a need exists to examine changes in anxiety symptoms over time in patients
undergoing RT.

Rationale for Studying Both Patients and Family Caregivers
Family caregivers (FCs) provide tremendous amounts of care and support (Yabroff and
Kim, 2009) and are themselves at risk for psychological distress and negative physical
outcomes (Institute of Medicine, 2007). In fact, some studies have reported higher rates of
depression and anxiety in FCs than in patients (Couper et al., 2006). Despite the prevalence
and impact of these symptoms in both groups, most studies have examined patients’ and
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FCs’ symptoms separately, under the assumption that the type and severity of stressors faced
by the two groups are different.

However, for several reasons, patients and FCs ought to be studied in combination in a
subset of studies. First, while a traditional disease model would view cancer as a primary
contributor to anxiety symptoms, because of disease- and treatment-related factors, more
recent evidence has found that other variables, including demographic, dispositional, and
personality-related factors, appear to be robust predictors of distress, generally, and
depressive symptoms more specifically (Bower, 2008; Deshields et al., 2006). On the other
hand, in these studies, disease-related variables explained a relatively modest amount of
variance in levels of these symptoms (Bower, 2008; Deshields et al., 2006).

Second, as described in both the cancer and non-cancer literature (Gottlieb and Rooney,
2004; Kurtz et al., 1997), FCs’ unique personal backgrounds, resources, coping styles, and
chronic medical conditions influence the caregiving experience. As described by the Stress
Process model of caregiver stress (Pearlin et al., 1990), these individual FC characteristics—
beyond disease- and caregiving-related stressors (e.g., physical and logistic demands)—
should be considered in studies of caregiver stress.

Third, the approach described here reflects and is consistent with the “allostatic load”
hypothesis of stress and adaptation (McEwen and Wingfield, 2010). In this model, stress,
regardless of its source, is mediated through common biological pathways. If these pathways
are perturbed repeatedly or over a long duration, and if coping mechanisms cannot help the
individual adapt, any individual (i.e., a patient or a FC) may manifest what would be viewed
as distress, depressive symptoms, or anxiety (McEwen, 2003). The allostatic load hypothesis
incorporates genetic factors that affect traits and behaviors that relate to the individual’s
ability to adapt to stressors.

Finally, support for combining patients and FCs comes from recent data that suggests that
patients and FCs face similar levels of overall symptom burden (Fletcher et al., 2009;
Fletcher et al., 2008; Miaskowski et al., 2008). For example, in an evaluation of fatigue in
patients with prostate cancer (Miaskowski et al., 2008) and their FCs (Fletcher et al., 2009),
we found that while the specific predictors of fatigue differed among patients and their FCs,
fatigue severity levels over six months (i.e., the overall outcome) were equivalent in both
groups. Thus, our approach to understanding symptoms views cancer as one among many
stressors that may influence the incidence, course, and severity, of symptoms, including
anxiety in both patients and their FCs.

Rationale for examining latent classes
In most of the psychological distress literature, group means are used to characterize
changes in symptoms. However, examination of changes in group means over time (for
example, with repeated measures analysis of variance (ANOVA), multilevel regression, or
latent growth models), are not sensitive to unobserved systematic (i.e., “latent”) patterns of
change in symptom severity. Individuals’ symptom experiences may resemble those of some
individuals more than they resemble those of others. In other words, a closer examination of
changes in symptoms over time may reveal subgroups of individuals whose symptom
experiences are more similar to those of other individuals within that subgroup than to those
of individuals in other subgroups.

Recent advances in longitudinal data analysis (e.g., Muthen and Muthen, 2000) permit an
examination of such underlying or latent patterns of change in symptom severity over time.
One such analytic method, growth mixture modelling (GMM), enables identification of
subgroups of individuals, referred to as latent growth classes, whose symptoms share a
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similar trajectory over time. Although this type of analysis has been used to identify latent
classes in the general population with distinct trajectories of anxiety and depression (Das-
Munshi et al., 2008; Hunter et al., 2010), as well as in oncology patients with distinct
distress trajectories (Helgeson et al., 2004; Henselmans et al., 2010; Lam et al., 2010),
GMM has not been used to evaluate differences in anxiety trajectories in oncology patients
and FCs.

To better characterize anxiety symptom trajectories of patients and FCs, the purposes of this
study were to determine whether we could identify distinct latent classes of oncology
patients and FCs based on self-reported anxiety symptoms from prior to the initiation of to
four months after the completion of RT and to examine differences in demographic and
clinical characteristics among these latent classes. Because depressive symptoms are
common in patients and FCs (Swore Fletcher et al., 2008), and because anxiety and
depression commonly co-occur in the general population (Das-Munshi et al., 2008) and in
cancer patients (Frick et al., 2007), differences in depressive symptom levels over the course
of the study were also evaluated among the latent anxiety classes. As the primary purpose of
this GMM analysis was exploratory, the focus of this report is not on hypothesis testing.
However, we did hypothesize that the distinct latent classes for anxiety that were identified
would not be dependent on patient or FC status.

METHODS
Participants

This study, which focuses on anxiety symptoms, is part of a large, longitudinal study of
symptoms in patients and their FCs (Aouizerat et al., 2009; Fletcher et al., 2009; Fletcher et
al., 2008; Miaskowski et al., 2008). A total of 167 oncology outpatients with breast, prostate,
lung, or brain cancer and 85 FCs participated in this longitudinal study. Patients were
eligible to participate if they were >18 years of age; were able to read, write, and understand
English; had a self-reported Karnofsky Performance Status (KPS) score of ≥ 60; and were
scheduled to receive primary or adjuvant RT. Patients were excluded if they had metastatic
disease, more than one cancer diagnosis, or a diagnosed sleep disorder.

Following recruitment, patients were asked to identify the person most involved in their care
(i.e., their FC). FCs were eligible to participate if they: were >18 years of age; were able to
read, write, and understand English; had a self-reported KPS score of ≥ 60; were living with
the patient; and did not have a diagnosed sleep disorder. Participants were recruited from RT
departments located in a Comprehensive Cancer Center and a community-based oncology
program. Both sites’ institutional review boards approved this study.

Of 472 patients approached, 167 consented to participate. The major reasons for refusal
were being too overwhelmed with their cancer experience or too busy. No differences were
found in any demographic or clinical characteristics between patients who did and did not
choose to participate.

Instruments
Instruments were completed by both patients and FCs at all timepoints. A demographic
questionnaire provided information on age, marital status, living arrangements, education,
ethnicity, employment status, number of comorbidities, and KPS score (Karnofsky, 1977).

Anxiety was measured using the Spielberger State-Trait Anxiety Inventories (STAI-S and
STAI-T). Each inventory consists of 20 items that are rated from 1 to 4. Scores for each
scale are summed and can range from 20 to 80. STAI-T measures an individual’s
predisposition to anxiety determined by his/her personality. STAI-S measures an
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individual’s transitory emotional response to a stressful situation. The STAI-T and STAI-S
have well established criterion and construct validity and internal reliability coefficients
(Spielberger, 1983). In the current study, the Cronbach’s alphas for the STAI-T and STAI-S
were 0.86 and 0.91, respectively.

Depressive symptoms were measured using the Center for Epidemiological Studies–
Depression (CES-D) scale (Radloff, 1977), which consists of 20 items representing the
major symptoms in the clinical syndrome of depression. Scores can range from 0 to 60, with
scores of ≥ 16 indicating the need for clinical evaluation for major depression. The CES-D
has well-established validity and reliability (Hann et al., 1999; Myers and Weissman, 1980).
In the current study, the Cronbach’s alpha for the CES-D was 0.83.

Pain was assessed using a modification of the Brief Pain Inventory (BPI) (Daut et al., 1983).
Patients and FCs were asked to indicate whether or not they had pain “other than every day
kinds of pain”. Those who responded in the affirmative were asked to note the intensity of
average and worst pain using a 0 (no pain) to 10 (worst possible pain) numerical rating
scale, and to rate the number of days per week. Because over 50% of patients and FCs did
not have pain, for the subsequent longitudinal analysis, pain was coded as present or absent.

Study procedures
Approximately 1 week prior to the start of RT (i.e. simulation visit when the measurements
for RT are made), patients were invited to participate in the study. If the FC was present, a
research nurse explained the study protocol to both the patient and FC, determined
eligibility, and obtained written informed consent. FCs who were not present were contacted
by phone to determine their interest in participation. These FCs completed the enrollment
procedures at home.

At the time of the simulation visit (i.e., baseline), participants (patients and FCs) completed
the demographic questionnaire, the STAI-T, the STAI-S, the CES-D, and the BPI. After the
initiation of RT, patients and FCs completed the STAI-S and CES-D at 4 weeks post-
initiation of RT, at the end of RT, and at 4, 8, 12, and 16 weeks after the completion of RT
(i.e., 7 assessments over 6 months).

Statistical analyses
Descriptive statistics and frequency distributions were generated on the sample
characteristics and symptom severity scores. Independent sample t-tests, ANOVA, and Chi-
square analyses were done to evaluate for differences in demographic and clinical
characteristics between patients and FCs, and among the GMM latent classes. Data were
analyzed using SPSS Version 15.0 (SPSS, 2006) and Mplus Version 5.21 (Muthén and
Muthén, 2009).

Unlike linear regression analysis or ANOVA, that employ the general linear model to
estimate regression coefficients and differences between groups, latent variables models
such as GMM employ maximum likelihood estimation. (While a detailed explanation of
maximum likelihood estimation is beyond the scope of this article, more comprehensive
explanations are provided in: Eliason, 1993; Hox, 2010; Singer and Willett, 2003). GMM
with robust maximum likelihood estimation was used to identify latent classes (i.e.,
subgroups of participants) with distinct state anxiety (STAI-S) trajectories over the 6 months
of the study (Muthen and Kaplan, 2004). “Robust” in this context means that the estimation
is more accurate when the dependent variables are not normally distributed.

Traditional methods for evaluating change across time for a variable such as anxiety include
repeated measures ANOVA, multilevel regression, and latent growth models (Bauer, 2003;
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Byrne and Crombie, 2003; Curran and Hussong, 2003; Duncan et al., 2006; Gueorguieva
and Krystal, 2004; Singer and Willett, 2003). With each of these approaches, a single curve
or change trajectory is estimated for the entire group. In contrast, the present analysis using
GMM allows for the estimation of more than one growth curve which enables the more
accurate identification of groups of individuals who change differently over time.

For the typical estimation of a growth curve or trajectory, initial status is called the intercept
and represents the mean for the dependent variable at the beginning of the assessments (i.e.,
in this study – level of state anxiety at the initiation of RT). The slope represents the amount
of change (i.e., in this study the amount of change in anxiety) predicted for each unit of time.
More than one slope coefficient is determined when the change is not linear. In our study,
changes in anxiety over time had both a linear and a non-linear (in this case, quadratic)
component. Therefore, intercepts and linear and quadratic slopes for each latent class were
estimated.

Intercept and linear slope variances were allowed to vary within classes - meaning that
individuals had different initial levels of anxiety as well as some variation in the way that
their scores changed over time within each identified subgroup or class. Therefore,
intercepts and linear slopes in these models are called random effects. However, because our
sample size was relatively small for this type of model, we were forced to treat quadratic
slopes as fixed effects (i.e., quadratic slope variance was fixed at zero), because the models
could not be estimated when quadratic slopes were treated as random effects, even for the
simplest (two-class) model.

Traditional methods of longitudinal data analysis exclude cases that have missing data at any
timepoint, which reduces the sample size and leads to biased (inaccurate) results. In contrast,
the estimation technique we used, robust maximum likelihood, allows accurate estimation of
the model retaining all participants, even when participants have some missing data, through
the use of the Expectation-Maximization algorithm in Mplus Version 5.21. This method
assumes that any missing data are ignorable (i.e., missing at random) (Muthen, 2002;
Schafer and Graham, 2002).

We were concerned that patients and their FCs might experience similar anxiety levels at
baseline and across time (i.e., a dyadic effect). Therefore, analyses were performed to
confirm that any similarity in anxiety scores between pairs of patients and FCs (dyads) did
not influence the results of the GMM analyses reported here. Specifically, to examine any
possible dyadic effect, a 3-level analysis of the linear and quadratic growth trajectories of
anxiety scores for patients, compared to FCs, was performed. For this data structure, the
repeated measures of anxiety are at Level 1, individuals (patients or FCs) are at Level 2, and
dyads (for 82 paired observations) are at Level 3. In addition, the possibility that the linear
and quadratic change trajectories differed for patients compared to FCs was tested (these are
referred to as cross-level interactions).

When estimating latent variable models for understanding the obtained data using GMM,
competing models are compared with fit indices that help identify the “best” model, given
the data. The model fit for the GMM reported here was assessed statistically by identifying
the model with the lowest Bayesian Information Criterion (BIC), and by testing the “K”
versus “K-1” class models to determine whether a model with K classes fit the data better
than a model with K-1 classes with the parametric bootstrapped likelihood ratio test (BLRT)
(Jung and Wickrama, 2008; Nylund et al., 2007). For example, we compared models with
three latent classes (K) and two latent classes (K-1) to see which model fit the data better by
comparing the BICs for the two models, and by testing with the BLRT whether the three-
class model provided an improvement in fit over the two-class model.
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Mixture models are known to produce solutions at local maxima (meaning that the solution
achieved by one maximum likelihood estimation is not the best solution), so each model was
fit with random starts to be sure that the solution for the model with the maximum log
likelihood values was replicated (Muthen and Muthen, 1998–2008). In other words, each
model was estimated many times (several hundred, the specific number depending on the
complexity of the model) to be sure that the “best” solution was replicated. An additional
measure of model fit, called “entropy” (i.e., the proportion of latent versus predicted class
membership), was estimated for each solution, with ≥ .80 being preferred. Better-fitting
models should produce higher entropy values (Muthen and Muthen, 1998–2008).

In addition, the best fitting model was visually inspected by plotting observed (actual)
against model-predicted (estimated) values to determine whether the predicted (estimated)
trajectories followed the observed (actual) trajectories for the classes, and to evaluate
whether the predicted plots “made sense” theoretically and clinically (Muthen and Kaplan,
2004).

To test for differences in depression at baseline and over time among the latent anxiety
classes, a linear mixed model analysis was done using the SPSS MIXED module. Post hoc
contrasts were done to evaluate for differences among the GMM anxiety classes at baseline
(i.e., intercept) as well as for GMM anxiety class × time interactions (i.e., Does the change
over time in depression scores vary across the different GMM anxiety classes?).

Differences in demographic and clinical characteristics between patients and FCs were
considered statistically significant at the p < 0.05 level. Post hoc contrasts were done using
the Bonferroni procedure to control the overall family alpha level of the three possible
pairwise contrasts for the three GMM anxiety classes at 0.05. For any one of the three
pairwise contrasts, a p-value of < 0.017 (.05/3) was considered statistically significant.

RESULTS
Participant characteristics

As summarized in Table I, the majority of participants were female, Caucasian, and well
educated. Patients and FCs differed only in terms of gender, marital status, and pain.
Compared to the patients, a greater proportion of the FCs was female and married or
partnered and a smaller proportion had pain.

Results of GMM analysis
Three distinct latent classes of anxiety symptom trajectories were identified using GMM
(see Figure 1). The fit indices for the various models are shown in Table II. As shown in
Table II, a three-class model was selected because its BIC was smaller than the two-class
and four-class models, and by comparison of the other fit indices. In addition, each class in
the three-class model had a reasonable size and interpretability (Jung and Wickrama, 2008).

The parameter estimates for the three latent classes are listed in Table III. The largest
percentage of participants was classified into the Low Stable class (36.9%). These
participants had total STAI-S scores that were low at baseline (mean 23.0), with a stable
trajectory over the course of the study. Participants in the second largest class (i.e.,
Intermediate Decelerating class (32.5%)), had a mean baseline STAI-S score of 33.8 and
symptom scores that decreased slightly over the course of the study. Participants in the third
class (i.e, High class (30.6%)), had elevated STAI-S scores at baseline (mean 38.8) that
increased and then very gradually decreased after the completion of RT.
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Examination of possible patient/FC status effects and dyadic effects
No significant differences were found in patients’ and FCs’ baseline STAI-T or STAI-S
scores. In addition, no significant differences were found in the proportions of patients and
FCs among the three GMM classes described above (see Table IV). Furthermore, even after
taking patient and FC status and dependency within dyads into account in the 3-level GMM,
no significant differences were found in the parameter estimates (intercepts and slopes) for
the three GMM trajectories that were identified in the 2-level GMM. Given the absence of
any dyadic or status effect, the relatively small proportion of dyads in the total sample, and
the preference for model parsimony, the results of the 2-level GMM are reported in this
paper.

Differences in demographic and clinical characteristics among the three latent classes
No differences were found among the three latent classes in the proportion of patients and
FCs (Table IV). However, differences in age, gender, ethnicity, marital status, having
children living at home, presence of pain, and baseline KPS scores were found among the
three latent classes.

Participants in the High class were significantly younger than participants in the Low Stable
and Intermediate Decelerating anxiety classes. While women made up 53.8% of the total
sample, post hoc contrasts revealed that a significantly higher proportion of women were in
the High class (70.1%) compared to the Low Stable (41.9%) and Intermediate Decelerating
(51.2%) classes. In terms of ethnicity, while 74.6% of the total sample was white, post hoc
contrasts revealed that significantly higher proportions of nonwhites were in the
Intermediate Decelerating (30.5%) and High (35.1%) classes compared to the Low Stable
class. In terms of marital status, a higher proportion of those in the High class (40.8%) were
not married compared to those in the Low Stable class (22.6%). In addition, a significantly
higher proportion (24.2%) of participants in the High class had children at home, compared
to those in the Low Stable class (8.0%).

In terms of physical functioning, post-hoc contrasts demonstrated that individuals in the
Intermediate Decelerating and High classes had lower KPS scores at baseline than those in
the Low Stable class. In addition, the presence of pain was different among the three anxiety
classes, with post hoc contrasts revealing that a greater proportion of those in the High class
(66.2%) reported pain, compared to those in the Low Stable (37.6%) and Intermediate
Decelerating (42.7%) classes.

Differences in baseline trait anxiety among the three latent classes
Significant differences in baseline STAI-T scores were found among the three latent classes.
Participants in the High class reported the highest trait anxiety scores followed by those in
the Intermediate Decelerating class, whose scores were significantly higher than those
reported by the Low Stable class (all p < 0.002, Table IV).

Differences in baseline CES-D scores among the three latent classes
As shown in Table IV, significant differences were found among the three latent classes in
baseline CES-D scores, with the High class reporting the worst depression scores, followed
by the Intermediate Decelerating class, followed by the Low Stable class (all p < .001).

Differences in the trajectories of CES-D scores among the three latent classes
Differences in the trajectories of CES-D total scores are illustrated in Figure 2. Post hoc
contrasts for the class by time interactions for changes over time in the CES-D score are
summarized in the legend for Figure 2.
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DISCUSSION
To our knowledge, this study is the first to use GMM to identify latent classes of oncology
patients and FCs with distinct anxiety symptom trajectories during and following the
patient’s RT. Our hypothesis that distinct latent classes would be independent of whether
one was a patient or FC was supported. These findings have a number of implications for
clinical practice and for symptom management research in oncology patients and FCs.

Implications for clinical practice
Although specific anxiety disorders (e.g., generalized anxiety disorder, adjustment
disorders) were not diagnosed, a substantial subgroup of patients and FCs (i.e., High anxiety
latent class) had mean STAI-S scores that were above the clinically meaningful cutoff score
(i.e., ≥ 32.2) (Fletcher et al., 2008; Spielberger, 1983) throughout the study. In addition,
these individuals had, on average, higher levels of depressive symptoms compared to the
other two anxiety classes. These patients and FCs may represent a relatively high-risk group
who warrant a more comprehensive assessment (e.g., evaluation by a mental health
clinician) as well as individualized interventions for anxiety and/or depression.

Clinicians understandably seek efficient and reliable ways to identify patients or FCs at risk
for anxiety, depression, or other clinically significant forms of distress. Whether the
individuals identified by the GMM analysis as belonging to the High anxiety class would
have been identified using brief screening tools [e.g., the Distress Thermometer, the GAD-7
(Spitzer et al., 2006)] cannot be inferred from our findings. Nevertheless, the distinguishing
characteristics of the individuals in the High anxiety class suggest several possible risk
factors for elevated anxiety in both patients and FCs during and after RT. Specifically,
women, younger individuals, members of racial or ethnic minorities, those who were
unmarried, and those with children at home were more likely to be classified in the High
anxiety class. These age and gender differences are consistent with previous reports of
predictors of anxiety (Stark et al., 2002) and of psychological distress more generally in
cancer patients (Weisberg, 2009). The finding that unmarried participants were more likely
to have higher anxiety levels suggests that social support may be protective, corroborating
prior literature (Stark et al., 2002). However, higher anxiety in those with children at home
may indicate that greater social responsibilities increase the risk for anxiety. Several studies
have documented greater distress in patients with children at home (Bower, 2008; Deshields
et al., 2006). Thus, clinicians should ask about, and be attuned to the possibility of, anxiety
particularly in individuals with these characteristics. Asking about anxiety, rather than
assuming that patients will volunteer their symptoms, is critical. FCs, in particular, may not
voice their own distress, yet may suffer as much as or more than patients during and after
this stressful experience (Couper et al., 2006).

Our findings suggest that not all patients or FCs are at increased risk for anxiety. Over 30%
of participants (i.e., those in the Low Stable class) had, on average, low baseline STAI-S
scores [i.e., below the 25th percentile compared to population norms (Spielberger, 1983)],
and their mean STAI-S scores remained low throughout the study. This finding, which is
consistent with previous cross-sectional studies of oncology patients and FCs (Fletcher et
al., 2008; Stiegelis et al., 2004; Swore Fletcher et al., 2008), suggests that those individuals
with low anxiety at the beginning of RT are unlikely to experience significantly increased
anxiety during or after RT (i.e., a relatively protected group)—although these findings need
to be replicated. Again, it would be useful to determine whether these individuals could be
clearly identified early in the course of treatment using briefer measures than those used in
this study.
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The association between anxiety and depression underscores the importance of evaluating
both of these symptoms as well as their co-occurrence clinically, given the deleterious
effects of comorbid anxiety and depressive symptoms, even at subsyndromal levels (Das-
Munshi et al., 2008).

Implications for symptom management research
The use of GMM permitted the identification of subgroups of patients and FCs with high,
intermediate, and low mean levels of anxiety—subgroups not seen when inspecting mean
STAIS scores over time. These subgroups are consistent with previous reports of substantial
heterogeneity in patients’ and FCs’ experience of anxiety (Frick et al., 2007; Krischer and
Xu, 2008; Stiegelis et al., 2004). The findings are novel in that anxiety was studied in both
patients and FCs. However, the findings need to be replicated in other oncology populations
- particularly in more homogeneous groups of patients with a particular cancer diagnosis and
in FCs of patients with a single cancer diagnosis and/or at different points in the patients’
treatment trajectory.

Further research is needed to better understand comorbid symptom experiences in patients
and FCs. Given that even subthreshold levels of comorbid anxiety and depression were
shown to adversely affect health and functioning in the general population (Das-Munshi et
al., 2008), in-depth examination of this relationship in cancer patients and FCs is warranted.
Moreover, the finding that mean depressive symptom scores increased over time in the High
anxiety group—a significantly different profile from that of both the Intermediate
Decelerating and Low Stable classes—highlights the importance of studying clusters of
symptoms over time, in order to understand driving relationships among individual
symptoms or symptom domains.

In addition, further study of the relationship between anxiety profiles, functional status, and
pain is warranted. The causal relationship between anxiety and physical function in
oncology patients and FCs has not been clearly elucidated. It is possible that the lower
functional status scores (albeit still high) of the High and Intermediate Decelerating classes
compared to the Low Stable class may reflect underlying differences in other factors or
traits, the effects of psychological distress on physical functioning (or vice versa), or
differences in self-perceived functional status depending on psychological state. The
association between pain and High anxiety class membership further highlights the need for
a better understanding of the interrelationships between physical and psychological
symptoms, including their influence on quality of life (Ferrans et al., 2005; Stiegelis et al.,
2004).

Finally, this study paves the way for further work examining the relationship of traits to
states. For instance, resilience, which is now believed to be more common than previously
appreciated in adults who experience a significant trauma (e.g., a life-threatening illness)
(Bonanno, 2004), may explain the finding of a latent class of individuals with low levels of
anxiety. Resilience is a trait (an enduring aspect of one’s personality or coping style) that
can be measured. Interestingly, in one study of patients undergoing RT, resilience was
inversely related to the need for psychosocial support (Brix et al., 2008), although the
specific relationship between resilience and anxiety symptoms was not assessed.
Distinguishing the effects of traits from transient state reactions could help inform screening
and intervention research.

This study has several limitations. Although valid and reliable self-report measures were
used to assess anxiety and depressive symptoms, future work should employ structured
diagnostic evaluations to assess previous and concurrent psychiatric conditions. Major
reasons for enrollment refusal were being too overwhelmed with treatment or too busy
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which may have led to either underestimation or overestimation of anxiety symptoms. Also,
unmeasured variables (e.g., other psychosocial stressors, side effects of treatment) may have
influenced the results. Data are lacking on psychotropic medication use. Since many people
are prescribed anxiolytics particularly benzodiazepines, during cancer treatment (Muriel et
al., 2009), these medications could have affected symptom severity scores. Finally, although
GMM is more robust with large samples, the present sample size (n=252) is at the lower
limit necessary for meaningful, reliable estimates of latent classes (cf. Nylund et al., 2007;
Tofighi and Enders, 2008). Finally, until these findings are replicated in future studies,
caution is needed when interpreting these findings. Sample sizes should be large enough for
confirmatory analyses of both the number and trajectories of the latent classes, as well as the
characteristics that distinguish among the classes.

Despite these limitations, these novel GMM-derived results suggest that BOTH patients and
FCs may be characterized by distinct anxiety profiles, and that approximately one-third (and
up to two-thirds if subthreshold symptoms are considered) will experience clinically
meaningful levels of anxiety. Important tasks for researchers going forward include
identifying predictors of trajectories indicating persistently high levels of symptoms,
elucidating additional factors (e.g., genetic, physiologic, environmental) that distinguish
among the latent classes, and better appreciating the relationships among anxiety,
depressive, and other symptom experiences over time in oncology patients and their FCs.
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Figure 1.
STAI-S trajectories for observed (actual) scores and estimated (predicted) scores for
participants in each of the latent classes, as well as the mean STAI-S scores for the total
sample.
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Figure 2.
Changes over time in Center for Epidemiologic Studies – Depression total scores for
participants in each of the three latent anxiety classes. Post hoc contrasts for intercept 1 < 2
< 3a; and slopes 1a and 2b ≠ 3. (ap<0.0001, bp=0.011).
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