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Abstract
PURPOSE—Psychological interventions are efficacious in reducing emotional distress for cancer
patients. However, it is not clear whether psychological improvements are, in turn, related to
improved health. A clinical trial tests whether a psychological intervention for cancer patients can
do so, and also tests two routes to achieve better health: a) reducing patients’ emotional distress, and/
or b) enhancing their functional immunity.

METHODS—Post-surgery, 227 breast cancer patients were randomized to Intervention or
Assessment only study arms. Conducted in small groups, intervention sessions were offered weekly
for 4 months and followed by monthly sessions for 8 months. Measures included psychological
(distress), biological (immune), and health outcomes (performance status and evaluations of patient’s
symptomatology, including toxicity from cancer treatment, lab values) collected at baseline, 4
months, and 12 months.

RESULTS—A path model revealed that intervention participation directly improved health (p<.05)
at 12 months. These effects remained when statistically controlling for baseline levels of distress,
immunity, and health as well as sociodemographic, disease, and cancer treatment variables.
Regarding the mechanisms for achieving better health, support was found for an indirect effect of
distress reduction. That is, by specifically lowering intervention patients’ distress at 4 months, their
health was improved at 12 months (p<.05). Although the intervention simultaneously improved
patients’ T-cell blastogenesis in response to phytohemagglutinin (PHA), the latter increases were
unrelated to improved health.

CONCLUSION—A convergence of biobehavioral effects and health improvements were observed.
Behavioral change, rather than immunity change, was influential in achieving lower levels of
symptomatology and higher functional status. Distress reduction is highlighted as an important
mechanism by which health can be improved.
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INTRODUCTION
Stress is implicated in the development of physical symptoms such as pain and fatigue, as well
as in reductions in physical quality of life for cancer patients (Spector and Jex, 1998;Golden-
Kreutz et al., 2005). Psychological interventions are a plausible strategy to modify this scenario
as they have shown substantial efficacy in reducing emotional distress for cancer patients
(Dodd, 1988;Scheier et al., 2005; Goodwin et al., 2001; Yates et al., 2005). But are these gains
accompanied by improved health for cancer patients?

There is a dearth of empirical tests, as the majority of randomized clinical trials (RCT) focus
on emotional distress or quality of life outcomes rather than health (Andersen, 1992,2002).
Also, the findings are mixed regardless of the definition of ‘health’ used. It is infrequent to rate
or measure health directly, but instead patients might provide ratings of the disruptive effects
of symptoms on their daily lives. Measures such as the physical health component score of the
SF-36 (Ware, Snow & Kosinski, 2000) or similar scales [European Organization for Research
and Treatment of Cancer QLQ-30 (EORTC; Aaronson et al., 1993); Functional Assessment
of Cancer Therapy Scale (FACT; Cella et al., 1993)] have been utilized. With such measures,
a number of interventions have resulted in fewer disruptions in physical health-related quality
of life (QoL; Edgar, Rosberger, & Collet, 2001; Helgeson et al., 1999) whereas others have
not (Allen et al., 2002;de Wit et al., 1997;Edmonds et al. 1999;Giesler et al., 2005;Stanton et
al., 2002). A more direct strategy has been patient ratings of a few specific symptoms, usually
symptoms related to treatments received (e.g., a visual analogue scale used for rating nausea/
vomiting with chemotherapy). In these studies, results have been generally favorable, with
intervention patients self reporting significantly lower chemotherapy related symptoms
(Roscoe, et al., 2000), fatigue (Yates et al., 2005;Quesnel et al., 2003), pain (de Wit et al.,
1997;Doorenbos et al., 2006;Maguire et al., 1983;Spiegel & Bloom, 1983;Yates et al., 1981),
and lymphedema (Maguire et al., 1983), as well as improvements across multiple symptoms
(Forester et al., 1985;McCorkle et al., 1989). With the symptoms-focused studies, there have
been fewer null findings [no differential improvement of urinary symptoms for prostate cancer
patients (Giesler et al., 2005;Johnson et al., 1988); no improvement in lymphedema among
breast cancer patients (Dodd, 1988;Stanton et al., 2002)].

Rather than self-evaluations, we were interested in testing the effects of an intervention on
objective measures of health status typically used for oncology clinical trials. One global
indicator used is the Karnofsky Performance Status Rating (Karnofsky & Burchenal, 1949), a
broad evaluation of the patient’s mobility, symptomatology, and the resulting effects on current
activity level and self care. As cancer treatment trials monitor patients closely to check for
disease progression (rather than control), the tolerance for the next round of therapy, and the
possible emergence of treatment toxicities or adverse events, there are multiple specific
indicators used, such as findings from physical exams (e.g., blood pressure, neuromotor
weakness), laboratory tests (e.g., liver functioning), or radiographs (e.g., chest films).
Collaborative groups [(e.g., Gynecologic Oncology Group (GOG), the NSABP (National
Surgical Adjuvant Breast and Bowel Project)] have combined these indicators into similar,
standardized listings of symptoms, signs, illnesses, lab values, etc. used for their trials. In the
listings, each item has a graded severity scale which is rated by nurses or physicians at frequent,
protocol dependent intervals. In combination these two measures--functional status ratings and
listings of symptoms, signs, etc.--document the health status of cancer treatment trial patients
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(e.g., Shapiro and Recht, 2001;Mouridsen et al., 2004;Pelegri et al., 2005) and are tested as
correlates of disease endpoints (Mouridsen et al., 2003).

Our ongoing clinical trial tests whether a psychological intervention can alter the incidence of
and/or time to recurrence for women with breast cancer. Although data are not yet available
for an effect on disease endpoints, results are available for intermediate outcomes. Thus far,
the intervention has shown robust biobehavioral effects (Andersen et al., 2004). Patients
randomized to weekly, group intervention sessions for 4-months showed significant reductions
in distress as well as significant health behavior changes, with patients high in initial cancer-
related stress experiencing the greatest reduction in distress. Immunity was conceptualized as
a potential mechanism linking lowered distress to health outcomes (Andersen et al., 1994).
Analyses showed that T-cell proliferation in response to Phytohemagglutinin (PHA) and
Concanavalin A (ConA) remained stable or increased for the Intervention group but declined
for the Assessment only group (ps < .01). Because the intervention produced significant
biobehavioral effects, we reasoned that improved health should, at some point, be evident at a
later time point.

To increase the durability of the intervention effects, the 4-month intensive phase was followed
by a maintenance phase of monthly sessions for an additional 8 months. At 12-months we
reevaluated patients’ emotional distress and immunity, but relevant to the question and
discussion above, we also assessed health status (Shapiro and Recht, 2001;Maltoni et al.,
2005). We predicted that the intervention would have a direct, positive effect on health,
operationalized with the indicators used in oncology trials.

In addition, we posed a second question: If improved health occurs, what is/are mechanism(s)
for health change? As the focus of all cancer therapies is controlling the disease and thereby,
improving health, it is important to identify how psychological interventions could achieve
positive health effects. Psychological interventions commonly include many strategies that
may affect multiple pathways (Dodd, 1988;Scheier et al., 2005). However, two pathways
affecting health and/or disease processes have been frequently suggested, not only for cancer
patients (Spiegel et al., 1989;Fawzy et al., 1993) but for other stressed populations as well
(Kiecolt-Glaser et al., 2002). Namely, a psychological intervention might improve health by
a) reducing emotional distress, and/or b) enhancing functional immunity. Thus, we test if a
psychological intervention can directly improve the health of breast cancer patients, and also
test two indirect pathways to improved health.

METHODS
Participants and Design

Patients newly diagnosed with regional breast cancer participated. Description of eligibility,
procedures of accrual and randomization, and equivalence of study arms across
sociodemographic, disease, and treatment variables have been detailed (Andersen et al.,
1998;Andersen et al., 2004; see also Figure 1). Patients (N = 227) had been surgically treated
with breast conserving therapy (43%) or mastectomy (57%) and were awaiting the start of
adjuvant therapy. As previously described, the typical patient was 51 years old, Caucasian
(90%), married (67%), had some college (72%), was employed at least part time (67%), and
had a family income of more than $50 thousand/year (56%). The majority had Stage II (90%)
rather than Stage III (10%) disease, were estrogen receptor positive (68%), and pre-menopausal
(54%). The majority of patients also received adjuvant therapy and Table 1 details the
percentages of patients in each study arm who received radiation and/or chemotherapy during
the study year.
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Study Arms
Assessment only—The initial (baseline) assessment occurred following informed consent
and prior to randomization and the start of adjuvant therapy. Research assistants conducted
individual interviews and administered questionnaires, and research nurses drew 60-mL of
blood. At 4- and 12-months, patients were re-assessed.

Intervention and assessment—Identical interviews, questionnaires, and blood draws
were completed. As described previously (Andersen et al., 2004), patients completed the
intervention in small cohorts (n = 13) of approximately 8 to 12 patients. Led by two clinical
psychologists, each cohort met weekly for 1.5 hours for 18 sessions during the 4-month
intensive phase and then monthly for 1.5 hours for 8 sessions during the 8-month maintenance
phase. The topics/techniques were similar to other psychosocial trials (Andersen,
1992;Andersen, 2002; e.g., progressive muscle relaxation, positive ways to cope, effective use
of social support), but also included strategies for improving health behaviors (diet, exercise,
smoking cessation) and adherence. Topics were covered systematically during the intensive
phase and reviewed and monitored during maintenance.

Intervention retention was 81% (92 of 114). Of the 22 non-participants, 1 died, 3 recurred, and
4 dropped out by 12-months. The remaining 14 individuals were intervention dropouts (usually
attending only one session) but continued in the trial and provided follow up data for intent to
treat analyses. For the intervention participants, compliance was excellent, with patients
completing 92% of the sessions (M = 24 of 26; SD = 2.32).

Measures
Cancer-related Stress and Emotional Distress—The Impact of Events Scale (IES;
Horowitz et al., 1979) quantified the frequency of intrusive thoughts, denial of thoughts, and
avoidant behaviors. As previously described (Andersen et al., 2004), this measure was used to
determine individual differences in cancer-specific stress. Using the baseline scores, patients
were categorized into Low stress (n = 114; range = 0 – 26) or High stress (n = 113; range = 27
– 65) sub groups within study arm assignment. Coefficient alpha reliability was .87 and 4-
month test-retest reliability was .78.

The Profile of Mood States (POMS; McNair et al., 1971) assesses negative mood. The Total
Mood Disturbance score is the sum of five scales (Anxiety, Depression, Anger, Fatigue, and
Confusion) minus the score of the Vigor scale. Cronbach’s alpha reliability was .92 and 4-
month test-retest reliability was .78.

Immune—Procedures for blood separation, quantification of T lymphocytes and T-cell
subsets, and assay procedures have been detailed previously (Andersen et al., 2004). Briefly,
isolated peripheral blood leukocytes, re-suspended in supplemented RPMI without phenol red
supplemented with fetal bovine serum, were seeded in triplicate at 0.5 × 105 per well and
incubated for 68 hours at 37° C. This was done in an atmosphere of 5% CO2 in 96-well flat-
bottomed plates with or without PHA or Con A at 2.5, 5.0, and 10.0 µg/mL. Wells were pulsed
with MTS [3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt and PMS (phenazine methosulfate)], an electron-
coupling reagent, to measure proliferative responses. Proliferation was determined via optical
density readings of the supernatants in the wells compared to the control, cells and media alone,
using an HTS7000 Bioassay micro plate reader at a determination wavelength of 492 nm and
a reference wavelength of 690 nm, as has been described (Andersen et al., 1998;Andersen et
al., 2004).
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Health—A research nurse, blinded to study conditions, completed two measures. Nurses
conducted a detailed interview with each patient. Medical chart inspection was also used for
general information, lab and diagnostic study results, etc., and the patient’s medical or surgical
oncologists or oncology nurses were available for consultation.

The Karnofsky Performance Status (KPS; Karnofsky, & Burchenal, 1949) measure provided
a global indicator of functional status. The scale ranges from 100 (Normal, no complaints, no
evidence of disease) to 0 (Dead) with 10-point intervals, each with explicit descriptors. Lower
scores indicate greater symptoms and physical restrictions. Inter-rater reliability ranges from .
70 to .97 (38, 39).

Items for symptoms, signs, illnesses, lab values, exam findings, etc. came from the listing used
by the Southwest Oncology Collaborative Group (SWOG; version from 1994) for clinical
trials. Items are grouped within 19 body categories (hematologic/ hemorrhagic, infection,
clotting disorders, circulatory, cardiac, liver, lung/pulmonary, renal/bladder, gastrointestinal,
pain, neuromotor, neurosensory, dermatologic, mucosal, immunologic, flu-like, eye,
metabolic, and endocrine). Each category includes 4–6 items (e.g., hypertension, hypotension,
veno-occulsive disease, edema, and phlebitis/thrombosis/embolus for circulatory) rated on an
item specific scale (e.g., for veno-occulsive disease the scale is 0 = none, 1 = yes; for
hypotension the scale is 0 = none or no change, 1 = changes but no treatment required, 2 =
requires fluid replacement or other treatment, 3 = requires treatment and hospitalization,
resolves within 48 hours, and 4=requires treatment, hospitalization greater than 48 hours, or
shock). Items within categories are averaged.

Analytic Strategy
Descriptive analyses test for significant health and biobehavioral changes at the 12-month
follow-up, using the same repeated measures analysis of variance (ANOVA) statistics as the
original report (Andersen et al., 2004). ANOVAs first test for the combination of the
intervention’s intensive and maintenance phases on 12-month health, with Study Arm
(Intervention vs. Assessment only) as the between subjects factor and Time (Initial, 12-month)
as the within subjects factor. For the Emotional distress (POMS) outcome, Initial Cancer Stress
(Low vs. High) is included as an additional between subjects factor, as previously described
(Andersen et al., 2004). As the immune outcomes exhibit low within-group pre treatment-post
treatment correlations, the multivariate analysis of covariance (MANCOVA) model is best
suited to reduce the error term and provide greater power (Girden, 1992). Any significant
MANCOVA is followed by univariate ANCOVAs for the three PHA and ConA concentration
levels (2.5, 5.0, and 10.0) for each assay.

Linear path analysis models the relationships between study arm, emotional distress, immunity,
and health across time. Variables in the model serve as predictors, outcomes, or mediator(s)
of indirect relationships between predictors and outcomes. The specified path model (see
Figure 3) tests the direct effect of the intervention on health status at 12 months, as well as the
indirect effects observed at 4 months through (a) distress reduction and/or (b) increases in
immune function. Specifically, a direct intervention effect is estimated using the path between
Study Arm and 12-month Health Status. In addition, two indirect paths are estimated: one from
4-month Emotional Distress to Health Status at 12-months, and the other from 4-month
Immunity to Health Status at 12-months. Finally, all the remaining paths are control paths,
each accounting for any effect of initial (baseline) values for Health Status, Emotional Distress,
Cancer Stress, or Immunity on 12-month Health Status. Results provide standardized estimates
of path weights, indicating the magnitude, direction (positive or inverse), and significance of
relationships between variables. The overall “fit” of the model is evaluated in terms of its ability
to account for the pattern of correlations observed among the variables, using the Root Mean
Square Error of Approximation (RMSEA) statistic.
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To increase the generality of the test, composite indices for immune and health measures are
calculated from multiple measures. The Immunity composite combines the three T-cell
proliferation levels for both ConA and PHA so that higher scores indicate stronger proliferative
responses. The Health composite similarly combines the KPS and the symptoms/signs
measures with equal weight; higher scores indicate better functional status and fewer
symptoms/signs. Analyses were conducted to empirically determine the psychometric
homogeneity of the two health measures. Exploratory factor analysis was used and included
the KPS score and the 19 category scores of the symptoms/signs measure. Maximum
Likelihood discrepancy function and oblique Crawford-Ferguson varimax rotation were used
with the Comprehensive Exploratory Factor Analysis program (CEFA; Browne et al., 1998).
After an inspection of eigenvalues and scree plot, one and two factor solutions were extracted.
Item loadings, factor interpretability, and goodness of model fit were next evaluated. The two-
factor solution showed poor specificity of factor structure in that some items had high loadings
on both factors and several other items showed low loadings on both factors. In contrast, the
single factor solution was interpretable and had a satisfactory fit (RMSEA = .065, 90% CI = .
053 – .077). Thus, psychometric structure for the health status outcome is unidimensional and
includes the KPS and the 19 categories noted.

RESULTS
Data Availability

Excluding the 11 cases of recurrence/death (11 of 227; 5%), there was 93% retention (201 of
216) at 12-months (see Figure 1). Retention and availability of data was equivalent between
study arms. Specifically, complete data were available from the initial assessment. At 12-
months, data were available from 91% of the patients for Stress (IES) and Emotional distress
(POMS) measures, from 92% for the Karnofsky Performance Status (KPS), from 91% for the
symptoms/signs, and from 79% for the ConA and PHA assays. The lower percentage for the
latter was due to low blood draw amounts and/or cell counts. The path analysis was conducted
with 145 patients who had complete data for all the variables in the model. We note that analyses
comparing the participants who had complete data (n = 145) to the remainder (n = 82) were
conducted using chi-square or ANOVA as appropriate. The groups did not significantly differ
in sociodemographics, disease characteristics, or cancer treatment received (ps > .07).

Descriptive Analyses Testing for Improved Health and Biobehavioral Effects
As predicted, the intervention resulted in better health outcomes; significant Group × Time
interaction effects were found for both health measures (see Figure 2). On the KPS, the
Assessment group was evaluated as more functionally impaired and restricted in their daily
activities, including self-care [ANOVA, F(1,183) = 7.19, p = .008, ηp² = .04]. Over the 12
month observation interval, functional status increased by 7% (83 to 89) in the Intervention
arm but by only 1% (87 to 88) in the Assessment arm. On the symptoms/signs, there was a
significant interaction [ANOVA, F(1,175) = 3.81, p = .05, ηp² = .02]. Over the 12-month
observation interval, toxicities/symptoms increased by 29% (0.21 to 0.27) in the Assessment
arm but only 14% (0.22 to 0.25) in the Intervention arm.

We also note significant biobehavioral effects. For the POMS, a significant three-way (Cancer
Stress × Study Arm × Time) interaction was found and indicated that the effect of the
intervention on Total Mood Disturbance at 12-months depended upon initial levels of cancer
stress [ANOVA, F(1,179) = 4.02, p < .05, ηp² = .02]. That is, for patients who began the trial
with high cancer-specific stress, declines in Total Mood Disturbance were significantly greater
among Intervention patients than among Assessment patients at 12-months. Also as predicted,
PHA blastogenesis was significantly higher for the Intervention group [MANCOVA, F(3,145)
= 3.86, p = .01, ηp² = .07]. The follow-up ANCOVAs for the three PHA dilutions were
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significant (all ps ≤ .04, ηp²s ≥ .03) with a similar pattern for each; proliferation remained
relatively constant for the Intervention arm but declined for the Assessment only arm.
Intervention effects on ConA blastogenesis, apparent after the intensive phase (Andersen et
al., 2004), were not significant after the 12-month maintenance phase. [Note: Prior to
conducting all immune analyses, we determined that groups did not differ on T-cell counts
(T3, T4, and T8, ps > .44)].

Path Analyses Testing for Direct and Indirect Intervention Effects on Health
The Figure 3 path model was evaluated using LISREL 8.71 software with N=145 patients with
complete data. The hypothesized model adequately fit the observed data [χ²(11) = 16.39, p = .
13; RMSEA = .06; CFI = .97; GFI = .98)]. Moreover, the model explained significant,
substantial variance--36%--in 12-month Health Status. [Note: With initial Health Status
removed from the model, 20% of the variance in 12-month Health Status was still explained.]
In Figure 3, all statistically significant path weights are provided in standardized form. The left
portion of the model repeats the findings from the earlier report (Andersen et al., 2004) and
shows the direct, positive effect of the intervention (Study Arm) on 4-month Immunity, and
the interaction between study arm and cancer-related stress (Study Arm × Cancer Stress) on
reducing Emotional Distress at 4-months.

More important for the present analysis is the prediction of Health Status at 12-months. First,
Study Arm had a direct positive effect as hypothesized, on 12-month Health Status, indicated
by the significant .18 path weight (z = 2.51, p = .01). Secondly, we tested the two pathways
(mechanisms) for achieving positive health. Support was found for a significant, indirect effect
of distress reduction on health (z = 2.11, p = .04). That is, for those women in the intervention
arm with the highest distress (Study arm × Cancer Stress), improved Health Status at 12-months
occurred via the mechanism of Emotional Distress reduction which occurred at 4-months. This
reduction was important, because Emotional Distress had a negative effect on 12-month Health
Status, as indicated by the −.32 path weight (z = −4.67, p < .001).

In contrast, there was no significant indirect effect via Immunity. Although there was a positive
effect of Study Arm on 4-month Immunity, as indicated by the .26 path weight (z = 3.21, p = .
002) between the variables, the changes in Immunity at 4 months did not predict Health Status
at 12 months; the path weight between the two variables was not significant.

Finally, all significant paths remained when statistically controlling for baseline levels of
Distress, Immunity, and Health, as indicated. Other control variables (i.e., age/menopausal
status, partner status, chemotherapy, and hormonal therapy) were tested and the findings were
identical (data not shown).

DISCUSSION
Results show that an effective psychological intervention—one achieving significant changes
in psychological and immune measures—can also improve health. In this study health was
defined both with global ratings of the patient’s performance status and specific ratings of
common signs and symptoms of medical conditions and illnesses, laboratory studies, and
possible toxicities from chemotherapy and radiation therapy regimens. Path analyses were used
and the model explained 36% of the variance in health at 12 months. The intervention had both
a direct effect and an indirect effect; by specifically lowering the patients’ levels of emotional
distress, the health outcomes were more positive. Although the intervention was also associated
with positive immune responses, these changes were unrelated to subsequent changes in health
status.
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The higher functional status and lower level of symptomatology, toxicities, etc. for the
intervention group is clinically important. Characteristics of the present trial—disease
endpoints as primary outcomes and tests of mechanisms for an effect—made it important to
have longitudinal documentation of the patients’ general health. Search measures in several
literatures were unproductive or unsatisfactory. Thus, we turned to the cancer treatment clinical
trial studies for solutions. Because of the predominance of ongoing SWOG clinical trials at
our institution at the time, their listing was chosen, as many of our patients would be
participating in trials for which this listing was designed. Indeed, after disease markers, these
data become the secondary endpoints in Phase III trials. When treatments are compared and
found to be equally efficacious, these data become, for many patients and physicians alike, the
basis for choosing among treatments (see Potosky et al., 1999 for data for prostate cancer; see
discussion in Goodwin, et al., 2003, for breast cancer). In addition, these health data provide
guidance for dosage modification in Phase II trials (Pelegri et al., 2005).

The health measures in this study also have importance as they covary with behavioral and
psychological variables. The magnitude of treatment toxicities has been used to determine risk
for poor adherence to treatment (Ayres et al., 1994;Levin et al., 1999;Demissie et al., 2001).
Knowing the extent of a slowed recovery and/or disease and treatment morbidities is important
for caring for survivors. Poor health status has a negative effect on mood (Ganz et al., 2004)
and quality of life (Ganz et al., 2004;Levin et al., 1999), and health worries are the source of
greatest concern among survivors (Spencer et al., 1999), as poor health negatively impacts
personal relationships (Wimberly et al., 2005), daily activity levels, and return to normal
routines such as employment (Bradley et al., 2005). In addition, poorer health impacts the
meaning patients derive from life following cancer (Jim & Andersen, in press).

While some psychological trials have used the KPS (Dodd, 1988;Northouse et al., 2005;Scheier
et al., 2005) the use of an extensive symptomatology and toxicity listing is novel. These
measures are costly, as a high level of rater expertise is required (e.g., a nurse specialist), and
they are time consuming with the patient interview, evaluating lab results and chart data, etc.
Yet, they provide significant breadth, relevance, and with symptom-specific graded scales,
objectivity. These measures are different in content and method from self-reported perceptions
of health or symptoms. Correlations between patients’ reports of emotional distress and
evaluations of their physical health may be inflated from shared method variance (i.e., both
self-report measures). In addition to the objectivity of the items used here, nurses blinded to
the patients’ study arm assignment were the raters. These factors greatly reduce measurement
error related to the patient (e.g., reporting bias).

A second aim of this report was to identify how this psychological intervention could achieve
positive health effects. While there are many possible routes, two likely mechanisms were
tested. The path model accounted for the contribution of distress reduction, per se, on health
status. In addition, the direct effect of the intervention suggested that additional mechanisms
also played a positive role. The intervention included multiple components, and we can only
speculate about which factors may be influential. Progressive muscle relaxation (PMR)
provided patients with an active, and portable, means to reduce daily stress and cope with and
control symptoms (e.g., nausea, disturbed sleep, fatigue). In other studies with cancer patients,
PMR has yielded reductions in anxiety (Lyles et al., 1982) and elevations in immune measures
(Lekander et al., 1997). Other intervention components also may have had general health
benefits also; possibilities include recommendations for regular exercise [which has had
symptom reducing effects in other studies with breast cancer patients (e.g., MacVicar et al.,
1989)] and teaching patients to use direct, assertive communications with their physicians and
nurses to get their medical needs met. Future studies will explore these and other possibilities.

Andersen et al. Page 8

Brain Behav Immun. Author manuscript; available in PMC 2008 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



There is great research interest in the potential for interrelationships among stress, immunity,
and health (Kiecolt-Glaser et al., 2002). It is suggested that a robust immune response might
maintain health by lowering one’s risk for infection or illness (Janeway, 2004), for example.
While there is correlational evidence for the covariation of heightened stress, lowered
immunity, and selected health outcomes (Kiecolt-Glaser et al., 2002), there are few
experimental data in which stress is ‘manipulated’ (via randomization to an intervention) and
the consequent effect on immunity and health are tested. To our knowledge, only Fawzy et al.
(1993) provided relevant data, though not a test of relationships among the three variables.
They reported that lower levels of baseline distress predicted recurrence and death, and higher
natural killer cell activity predicted a lower risk for recurrence, though not survival.

In the present study, the intervention-produced changes in blastogenesis levels were
statistically significant, but did not relate to health measures. [We also note that the effect size
for the PHA observed at 12 months was ‘medium’ to ‘large’ by accepted standards (Cohen,
1988) and compares favorably with other estimates. In a meta analysis of psychological
interventions and immunity, effect sizes for blastogenesis measures were small (rs of −.05 for
ConA and .13 for PHA (Miller and Cohen, 2001)]. However, our health outcome assessed
many bodily systems, a few of which likely had more direct relevance to immunity (‘infection’)
than several of the others. Studying a health outcome particularly relevant for T-cell function
and selection of assays with a direct link to a specific health outcome (Lutgendorf et al.,
2002), may provide additional information regarding this hypothesized mechanism.

In summary, results show that a psychological intervention yielding robust biobehavioral
effects also improved health. This was achieved, in part, through lowering of emotional distress
rather than the seemingly positive effect that the intervention had on T-cell immunity. Ten-
year follow-up are being collected to determine whether health status of these patients is related
to disease progression, as the survivorship period brings new challenges for cancer patients
(Yabroff et al., 2004).
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Fig 1.
Experimental design and study flow diagram.
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Fig 2.
Significant Group × Time interaction effects for the Karnofsky Performance Status (KPS) and
Symptoms/Signs.
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Fig 3.
Path model of longitudinal relationships among Cancer Stress, psychological intervention
(Study Arm), Cancer Stress × Study Arm interaction, Emotional Distress, Immunity, and
Health Status outcomes. The model accounts for initial levels of Emotional Distress, Immunity,
and Health Status. Resulting path weights are provided where statistically significant (p < .05).
Study Arm had a positive effect on 4-month Immunity. Study Arm also interacted with initial
cancer-related stress (Study Arm × Cancer Stress), producing greater reductions in 4-month
Emotional Distress for intervention women with high initial levels of Cancer Stress. By 12
months, Study Arm had a direct positive effect on Health Status. Four-month Emotional
Distress, but not 4-month Immunity, was a significant predictor of Health Status. The indirect
effect of the Study Arm × Cancer Stress interaction on 12-month Health Status via 4-month
Emotional Distress was significant (z = 2.11, p = .04).
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Table 1.
Proportions of the patients who received chemotherapy and/or radiation within four month intervals of the first
year following surgery and randomization.

Treatment Months Total (N=227) Intervention (n=114) Assessment Only
(n=113)

Chemotherapy 0–4 83% 83% 83%
     
 4–8 13% 17% 9%
     
 8–12 0% 0% 0%
     
Radiation 0–4 44% 43% 44%
     
 4–8 16% 22% 9%
     
 8–12 3% 4% 1%
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