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Abstract

Objective: A cancer diagnosis provokes significant levels of emotional distress, with intrusive thoughts
being the most common manifestation among breast cancer survivors. Cancer-related intrusive
thoughts can take the form of emotional memories, flashbacks, nightmares, and intrusive images.
Emotional arousal after a severe life stressor prolongs adrenergic activation, which in turn may
increase risk for post-traumatic symptomatology. However, antihypertensive beta-blockers block
adrenergic activation and are known to reduce traumatic memories and related psychological
distress. Thus, the current study examined the association between beta-blocker use and the severity
of cancer-related intrusive thoughts and related symptoms following a cancer diagnosis.

Methods: The 174 breast and 36 female colorectal cancer patients who had recently undergone
diagnostic screening or biopsy included 39 beta-blocker users and 171 non-users. Prior to any cancer
treatment including surgery, participants completed questionnaires that included the Impact of
Events Scale and the Center for Epidemiological Studies Depression Scale. Analyses controlled for
age, education, cancer stage, cancer type, days since diagnosis, marital status, depression, and

comorbidities.

Results: Although the high rates of cancer-related distress in this sample were similar to those of
other studies with recently diagnosed patients, beta-blocker users endorsed 32% fewer cancer-related

intrusive thoughts than non-users.

Conclusions: Recently diagnosed cancer patients using beta-blockers reported less cancer-related
psychological distress. These results suggest that beta-blocker use may benefit cancer patients’
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psychological adjustment following diagnosis, and provide a promising direction for future investigations
on the pharmacological benefits of beta-blockers for cancer-related distress.
Copyright © 2012 John Wiley & Sons, Ltd.

Introduction

A cancer diagnosis provokes significant levels of emotional
distress, with intrusive thoughts being the most common
manifestation among breast cancer survivors [1-4].
Cancer-related intrusions include recurrent or distressing
thoughts or dreams about cancer, unintentional thoughts
about cancer, and high levels of distress when reminded
about cancer [4]. Post-traumatic stress disorder (PTSD)
is characterized by similar re-experiencing symptoms, as
well as symptoms of avoidance and hyperarousal [5].
Emotional memories, flashbacks, nightmares, and intrusive
images produce considerable distress, and stimuli associated
with the trauma are persistently avoided. Re-experiencing
is a result of fear conditioning and thus is an important
indicator of post-traumatic psychological distress [6].
Emotionally arousing experiences increase noradrenergic
activity [7]. Prolonged adrenergic activation in the imme-
diate aftermath of a major stressor may increase risk
for PTSD [5]. In particular, excess epinephrine while
emotionally aroused enhances the formation of traumatic
memories [8]. Propranolol is one class of beta-adrenergic
blockers commonly used in the treatment of hypertension.

Copyright © 2012 John Wiley & Sons, Ltd.

Administration of propranolol soon after a trauma reduces
memory for the event and is thought to consequently prevent
the development of PTSD [5]. This may occur in part
because propranolol interferes with stress-related neural
activity [9].

Propranolol reduced the strength of newly acquired
emotional memories in experimental studies [10], and
similar effects were observed in some trauma-exposed
clinical samples [8,11,12], although there are some
exceptions [13,14]. Furthermore, clinical trials reveal that
PTSD symptomatology decreased when patients were
re-exposed to the trauma while taking propranolol [15,16].
A prospective observational study with cardiac surgery
patients showed that a beta-adrenergic antagonist reduced
traumatic memories and PTSD symptoms in women [8].
These findings raise the provocative possibility that
beta-blockers could impede the development of intrusive
thoughts and related symptoms following a cancer diagnosis.
Accordingly, the current study addressed the association
between beta-blocker use and the severity of intrusions
following a cancer diagnosis. It was expected that beta-
blocker use would be related to fewer cancer-related
intrusive thoughts.
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Methods

Sample

We screened electronic medical records linked to The Ohio
State University Medical Center for participants who were
seen at outpatient surgical oncology or mammography
clinics. Female breast and colorectal cancer patients
(n=210) were recruited during 2009-2011 within 1-3 months
following their cancer diagnosis. Screening exclusions
included a prior history of any cancer except basal or
squamous cell skin cancers. Once they were deemed
eligible, we contacted them by phone. They completed a
questionnaire battery and blood draw prior to any cancer
treatment, including surgery. Of these women, 39 were
taking a beta-blocker medication for hypertension according
to medical records. This information was cross-referenced
with participant self-reported indication and use for
beta-blocker medication. The data were drawn from an
observational study investigating the links between
inflammation and fatigue in both colorectal and breast
cancer patients. The Ohio State University Institutional
Review Board approved the project, and all subjects gave
written informed consent prior to participation.

Measures

The 15-item Impact of Events Scale (IES) [17] assessed
participant’s avoidant and intrusive thoughts regarding
their recent diagnostic screening tests. For these women,
diagnostic screening tests included mammography, colo-
noscopy, and ultrasound-guided biopsy. The IES, which
has separate avoidant and intrusive subscales, is commonly
used to assess cancer-related psychological distress [18].
Participants were asked to indicate how frequently each
item had been true in the preceding week. Sample intrusion
items include ‘Pictures about it popped into my head’, and ‘I
had waves of strong feelings about it’. Avoidance items
include ‘I tried not to talk about it’, and ‘I felt as if it hadn’t
happened or wasn’t real’. Responses to items are rated on a
scale from O (not at all) to 5 (often).

The Charlson Index [19], a widely used comorbidity
measure, assesses 19 comorbid conditions. Each is assigned
a weight according to its potential to influence 1-year
mortality. The final index is a sum of the weighted comor-
bidities, which accounts for the number and seriousness
of the conditions. Originally developed for predicting
mortality in breast cancer patients, it has now been widely
used with both cancer and noncancer populations [20]. Data
for this index were obtained from patient chart review.

The 20-item Center for Epidemiological Studies
Depression Scale [21] has been used extensively as a
brief measure of depressive symptomatology [22]. Items
including ‘I felt that everything I did was an effort’ and
‘I felt depressed’ are rated for their frequency in the last
week, using a scale from O (rarely or none of the time)
to 3 (most or all of the time).

The Beck Anxiety Inventory [23] assesses both cognitive
and physiological symptoms of anxiety (e.g., hands trembling
or fear of losing control). This measure was developed to
discriminate anxiety from depression, and severity of
symptoms is rated on a scale from O (not at all) to 3
(severely).

Copyright © 2012 John Wiley & Sons, Ltd.
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Statistical analyses

Using separate ordinary least squares general linear models
in SPSS (SPSS Inc., Chicago, IL), we addressed the question
of whether beta-blocker use was associated with cancer
screening-specific intrusions in our sample of newly diag-
nosed female breast and colorectal cancer patients. In this
analysis, we ran both unadjusted and adjusted regression
models. In the first step of our adjusted regression model,
we entered a number of potential confounds: age, education,
cancer stage, cancer type, time since diagnosis (days), and
marital status (1 =partnered, O =not partnered). Depression
scores were included in the second step to assess their
influence on intrusions [24]. To address the added impact
of having previously existing risk factors for mortality on
cancer screening-related distress, the number of comorbid-
ities was entered as the third step. Beta-blocker medication
use was entered as the fourth and final step. All tests used
a two-sided, oo =0.05 significance level.

Results

Descriptive characteristics of the sample

Table 1 provides descriptive information for the sample.
Comparisons were made between beta-blocker users
(n=39) and non-users (n=171). Beta-blocker users were
significantly older than non-users (F(1, 209)=35.99,
p < 0.01). Compared with non-users, users were more likely
to be without a partner (F(1, 209)=5.49, p <0.05), not
currently employed (X*(4)=19.185, p < 0.01), and to have
a lower income (F(1, 184)=10.91, p <0.01). Other
than reporting a greater number of comorbidities (F(1,
209)=30.31, p<0.01), beta-blocker users were not
significantly different from non-users on any additional
clinical or psychological characteristics (Table 2). No
significant correlations between the group demographic
differences and intrusions were identified. Furthermore,
because beta-blocker use or number of intrusions did
not differ between the breast and colorectal patients, these
groups were combined in the regression analyses.

The psychological impact of beta-blockers may depend
on their relative lipid-solubility, as lipophilic compositions
might have more direct central nervous system effects [8].
However, the lipid-solubility of the various beta-blockers
did not impact intrusion scores. Specifically, levels of
intrusive thoughts did not differ between women using
lipid-soluble beta-blockers (n=7) or water-soluble beta-
blockers (n=32).

Beta-blocker use was associated with fewer intrusions
in both the unadjusted and adjusted regression models
(Table 3). The linear combination of age, education, marital
status, time since diagnosis, cancer stage, cancer type,
depression, comorbidities, and beta-blocker use accounted
for a 42.5% (adjusted R?) of the total variance in intrusions.
Relative to non-users, women using beta-blockers reported
32% fewer cancer-related intrusions. In ancillary analyses,
these results did not change when anxiety scores were
substituted for depression in the same model, nor did results
change when employment status and income level were also
included in step one. Additionally, beta-blocker use was
not related to scores on the IES Avoidance subscale, and
interactions with age and depression were not significant.

Psycho-Oncology 22: 1889—1894 (2013)
DOI: 10.1002/pon



Beta-blockers and cancer-related distress

1891

Table I. Descriptive statistics for the total sample and by beta-blocker use

Total sample (N=210)

Beta-blocker (N=39) No beta-blocker (N=171)

Characteristic Number % Number % Number %
Age Mean +SD (years)** 5598 (12.94) 66.36 (13.02) 5361 (11.72)
Ethnicity
White |78 84.8 30 769 148 86.5
Black 25 19 8 20.5 |7 99
Asian 4 1.9 0 - 4 2.3
Native American | 0.5 0 - | 0.6
Latino 4 - 0 - 4 -
Other 2 1.0 | 2.6 | 0.6
Marital status**
Married/Dom. partner 136 64.8 19 48.7 17 684
Separated/ Divorced 26 124 7 18.0 19 I
Single 28 133 3 7.7 25 14.6
Widowed 20 9.5 10 256 10 58
Education level
High school or less 66 314 16 41.0 50 29.2
=Some College 144 68.6 23 59.0 121 70.8
Employment status**
Full or part time 15 54.7 15 385 100 585
Unemployed/Disability 46 219 6 153 40 234
Retired 49 233 18 46.2 31 18.1
Income level*®
<$50,000 84 40.0 23 59.0 6l 356
=>$50,000 101 48.1 10 25.6 91 533
Prefer not answer 25 1.9 6 154 19 1.1
Cancer type
Breast |74 829 32 82.1 142 83.0
Colorectal 36 17.1 7 179 29 17.0
Cancer stage
Stage 0 29 13.8 4 10.3 25 14.6
Stage | 72 343 15 385 57 333
Stage lIA 43 20.5 7 179 36 211
Stage 1B 19 9.0 4 10.3 15 8.8
Stage Il 27 12.8 4 10.3 23 13.5
Stage IV 20 9.5 5 12.8 15 8.8
*p < 0.05.
*p < 0.01.

Table 2. Mean (£SD) scores on clinical and psychological variables for the total sample and as a function of beta-blocker medication use

Range Total sample Beta-blocker No beta-blocker
Time since diagnosis (days) 0-69 23.68 (14.29) 2636 (14.41) 23.06 (14.24)
No. of Charlson-rated comorbidities** 0-8 0.74 (1.43) 1.54 (201) 0.56 (1.20)
CES-D total score 0-49 1597 (10.63) 1341 (11.35) 1649 (10.40)
BAI total score 0-40 11.66 (891) 10.67 (9.28) 11.88 (8.84)
IES Avoidance score 0-40 16.87 (8.96) 1728 (9.35) 16.78 (8.89)
IES Intrusion score®* 0-35 1494 (9.14) 10.79 (8.33) 15.89 (9.08)

CES-D, Center for Epidemiological Studies Depression Scale; BAI, Beck Anxiety Inventory; IES, Impact of Events Scale.

*p < 0.05.
**p < 0.01.

Discussion

In this sample, beta-blocker users reported 32% fewer
intrusive thoughts than non-users. This effect was signif-
icant both in the unadjusted model and in the adjusted
model that controlled for a number of relevant covariates
including age, which is important given that beta-blocker
users were older and age has been associated with reduced
distress after cancer [25]. These data suggest that beta-
blocker use may attenuate the severity of cancer-related
intrusions among newly diagnosed breast and colorectal
cancer patients.

Copyright © 2012 John Wiley & Sons, Ltd.

Our participants’ rates of intrusive thoughts were similar
to those reported in other studies of recently diagnosed
breast patients [1-3]. It should be noted that only a small
number of investigations have examined these kinds of
cancer-related stress responses immediately following
diagnosis. Many additional studies have reported a low
incidence of post-traumatic intrusions among cancer
patients [25-27]. However, these studies were mostly of
patients’ post-treatment intrusions, and in some, assessment
occurred up to 3 years after diagnosis [26-28]. Our study
provides further evidence that intrusive symptoms may be
especially severe within the first month following diagnosis.

Psycho-Oncology 22: 1889—1894 (2013)
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Table 3. Summary of unadjusted and adjusted regression models predicting intrusions from beta-blocker use
Model Step and variables B AR? SE 95% Confidence interval
Unadjusted Beta-blocker use —5.094 1.588 [—8.244 to —1.964]
R? 0.043%*
F(1,208) 10.293%*
Adjusted Step |
Age -0212 0.109#+* 0.047 [-0.306 to —0.119]
Education 0.165 0473 [-0.767 to 1.098]
Marital status —0.258 1.300 [-2.821 to 2.305]
Time since diagnosis —0.069 0.043 [—0.154 t0 0.016]
Cancer stage —0.240 0312 [—0.855 to 0.374]
Cancer type —-0217 1.727 [—3.622 to 3.189]
Step 2
Depression 0520 0.325%* 0.048 [0.424-0.615]
Step 3
Comorbidities 0.343 0.002 0463 [-0528 to 1.297]
Step 4
Beta-blocker use —3.122 0.014* 1.382 [—5.848 to —0.396]
R? 0.425%*
F(9, 200) 18.193%*
Parameters are reported as unstandardized coefficients.
*p < 0.05.
#5p < 0.01.

Moreover, as was seen in our sample, beta-blockers
appear to mitigate psychological distress at a time when
it is particularly heightened.

Intrusive thoughts and re-experiencing symptoms main-
tain post-traumatic stress-like symptomatology and may
predict higher levels of depression and poorer quality
of life in breast cancer patients over time [18,29,30].
Treatments that have successfully alleviated intrusive
symptoms have incorporated behavioral techniques,
relaxation, cognitive restructuring, and coping skills
training [31,32]. However, most intervention studies have
targeted intrusive symptoms in patients undergoing cancer
treatments or after treatment [32]. Prior studies have not
addressed intrusive thoughts in the period immediately
following diagnosis, the point at which cancer-related
distress may be at its peak. Our results suggest that by reduc-
ing these symptoms during this timeframe, beta-blockers
may also reduce the likelihood of longer-term cancer-
related intrusive thoughts.

Beta-blockers may have other benefits for cancer
patients. Increasing evidence suggests that catecholamines
accelerate tumor cell growth by stimulating angiogenesis,
a first step in malignant transformation whereby additional
vascular networks are recruited to the site of the primary
tumor [33,34]. However, several recent studies have docu-
mented the restrictive action of beta-blockers, especially
propranolol, in inhibiting the effects of catecholamines on
cancer progression [35-37]. Researchers are now interested
in beta-blockers’ potential therapeutic value. Beta-blockers
may increase cancer survival by possibly reducing meta-
static spread [38].

Intrusive symptoms prolong stress-induced physiological
activation [39]. Intrusive memories of a trauma reflect a
highly vigilant cognitive state, which results in heightened
physiological arousal as the body prepares for action.
For some cancers, there is evidence that stress-related
physiological activation might enhance tumor growth
and metastases [40]. Thus, the findings from this study
suggest a possible tool by which to target stress-induced
physiological activation in newly diagnosed cancer patients.

Copyright © 2012 John Wiley & Sons, Ltd.

Beta-blockers may lessen the distressing intrusions that
help maintain maladaptive physiological arousal.

Study limitations include nonrandomized beta-blocker
use. However, our findings are fully in accord with other
recent observational evidence from cardiac surgery that
documented beta-blockade reduction of more serious
post-traumatic symptomatology [8]. Because of our
cross-sectional design, we cannot say with certainty that
beta-blocker usage reduces intrusive thoughts, or vice
versa. It is certainly possible that people who have more
intrusive thoughts are more likely to take beta-blockers
for other unrelated medical reasons. Nevertheless, these
data serve as important preliminary evidence that beta-
blocker usage may reduce intrusive thoughts in cancer
patients, an important finding that should be further inves-
tigated experimentally.

This sample comprised exclusively of women. Although
we do not have data on men, other studies have found that
intrusions are stronger in women than men [41]. Further-
more, the cardiac surgery study found that beta-blockers
reduced the strength of newly acquired emotional memories
for women but not for men [8]. Finally, it should be noted
that this study assessed the effect of beta-blockers on
intrusive symptoms but not syndromal PTSD; future
research should clarify the impact of beta-blockers on
PTSD development.

Lipid-soluble beta-blockers have central nervous system
effects and may impair emotional memory more strongly
than the water-soluble agents, which have mainly peripheral
effects [8]. In this study, only a small number of women
used lipid-soluble beta-blockers; thus, our data may not
fully represent pharmacokinetic-driven differences in
cancer-specific intrusions. The potential risks of beta-
blocker use include the medication’s contribution to
diabetes [42], weight-gain [43], and depressive symptoms
[44]. However, our data revealed that beta-blocker use
remained a significant predictor of fewer intrusions even
after controlling for concurrent depression. Indications
for beta-blockers can include cardiovascular disease and
heart arrhythmias, migraines, and social or other anxiety

Psycho-Oncology 22: 1889—1894 (2013)
DOI: 10.1002/pon
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disorders [45-48]. However, to our knowledge, participants
in this study had been prescribed beta-blockers for hyper-

tension. Nevertheless, the use of beta-blockers could be

confounded by their indication and other variables not

measured may have influenced their intended use.

Emotional arousal after a severe life stressor prolongs
adrenergic activation [5]. Emotionally distressing intrusive
thoughts occur frequently after a diagnosis of cancer [4].
Prolonged adrenergic activation increases risk for further
post-traumatic intrusions and other related psychological

distress over time [5,8]. Beta-blockers block adrenergic

activation, and our findings suggest that beta-blockers may

reduce intrusive symptoms in newly diagnosed cancer

patients. This study provides a promising direction for

References

10.

11.

. Epping-Jordan JE, Compas BE, Osewiecki

DM, et al. Psychological adjustment in breast
cancer: processes of emotional distress.
Health Psychol 1999;18(4):315-326.

. Tjemsland L, Soreide JA, Malt UF. Traumatic

distress symptoms in early breast cancer. 1.
Acute response to diagnosis. Psycho-Oncology
1996:5(1):1-8.

. Primo K, Compas BE, Oppedisano G, et al. In-

trusive thoughts and avoidance in breast cancer:
individual differences and association with psy-
chological distress. Psychol Health 2000;14
(6):1141-1153.

. Jim HSL, Jacobsen PB. Posttraumatic stress

and posttraumatic growth in cancer survivor-
ship: a review. Cancer J 2008;14(6):414-419.

. Cukor J, Spitalnick J, Difede J, Rizzo A,

Rothbaum BO. Emerging treatments for
PTSD. Clin Psychol Rev 2009;29(8):715—
726.

. Rothbaum BO, Davis M. Applying learning

principles to the treatment of post-trauma reac-
tions. In Roots of Mental Illness in Children,
King JA, Ferris CF, Lederhendler II (eds.).
New York Acad Sciences: New York, 2003;
112-121.

. McGaugh JL, Roozendaal B. Role of adrenal

stress hormones in forming lasting memories
in the brain. Curr Opin Neurobiol 2002;12(2):
205-210.

. Krauseneck T, Padberg F, Roozendaal B,

et al. A beta-adrenergic antagonist reduces
traumatic memories and PTSD symptoms in
female but not in male patients after cardiac
surgery. Psychol Med 2010;40(5): 861-869.

. Hermans EJ, van Marle HJF, Ossewaarde L,

et al. Stress-related noradrenergic activity
prompts large-scale neural network reconfigu-
ration. Science (New York, NY) 2011;334
(6059):1151-1153.

Chamberlain SR, Muller U, Blackwell AD,
Robbins TW, Sahakian BJ. Noradrenergic mod-
ulation of working memory and emotional
memory in humans. Psychopharmacology
2006;188(4):397-407.

Vaiva G, Ducrocq K, Jezequel B, et al.
Immediate treatment with propranolol
decreases posttraumatic stress disorder two
months after trauma. Biol Psychiatry 2003;54
(9):947-949.

. Pitman RK, Sanders KM, Zusman RM, et al.

Pilot study of secondary prevention of post-
traumatic stress disorder with propranolol. Biol
Psychiatry 2002;51(2):189-192.

Copyright © 2012 John Wiley & Sons, Ltd.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hoge EA, Worthington JJ, Nagurney JT, ez al.
Effect of acute posttrauma propranolol on
PTSD outcome and physiological responses
during script-driven imagery. CNS Neurosci
Ther 2012;18(1):21-27.

Stein MB, Kerridge C, Dimsdale JE, Hoyt
DB. Pharmacotherapy to prevent PTSD:
results from a randomized controlled proof-of-
concept trial in physically injured patients. J
Trauma Stress 2007;20(6):923-932.

Brunet A, Orr SP, Tremblay J, et al. Effect of
post-retrieval propranolol on psychophysio-
logic responding during subsequent script-
driven traumatic imagery in post-traumatic
stress disorder. J Psychiatr Res 2008;42
(6):503-506.

Brunet A, Poundja J, Tremblay J, ef al. Trauma
reactivation under the influence of propranolol
decreases posttraumatic stress symptoms and
disorder 3 open-label trials. J Clin Psycho-
pharmacol 2011;31(4):547-550.

Horowitz M, Wilner N, Alvarez W. Impact of
event Scale — measure of subjective stress.
Psychosom Med 1979;41(3):209-218.
Salsman JM, Segerstrom SC, Brechting EH,
Carlson CR, Andrykowski MA. Posttraumatic
growth and PTSD symptomatology among
colorectal cancer survivors: a 3-month longi-
tudinal examination of cognitive processing.
Psycho-Oncology 2009;18(1):30-41.
Charlson ME, Pompei P, Ales KL, Mackenzie
CR. A new method of classifying prog-
nostic co-morbidity in longitudinal studies —
development and validation. J Chronic Dis
1987:40(5):373-383.

Dobnig H, Pilz S, Scharnagl H, et al. Independent
association of low serum 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D levels with
all-cause and cardiovascular mortality. Arch
Intern Med 2008;168(12):1340-1349.
Radloff LS. The Center for Epidemiologic
Studies Depression Scale: a self report depres-
sion scale for research in the general popula-
tion. Appl Psychol Meas 1977;1(3):385-401.
Basco MR, Krebaum SR, Rush AJ. Outcome
measures of depression. In Measuring Patient
Changes in Mood, Anxiety, and Personality
Disorders, Strupp HH, Horowitz LM,
Lambert MJ (eds.). American Psychological
Association: Washington D. C., 1997; 207-245.
Beck AT, Brown G, Epstein N, Steer RA. An
inventory for measuring clinical anxiety- psy-
chometric properties. J Consult Clin Psychol
1988;56(6):893-897.

Williams AD, Moulds ML. An investigation
of the cognitive and experiential features of

Acknowledgements

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

1893

future investigations on the pharmacological benefits of
beta-blockers for cancer-related distress.

Work on this project was supported in part by National Institutes
of Health grants CA131029, CA126857, UL1RR025755, and
CA16058, an American Cancer Society Postdoctoral Fellowship
Grant PF-11-007-01-CPPB, and a National Cancer Institute
Research Supplement to Promote Diversity in Health-Related
Research to the first author CA126857.

Conflict of interest

The authors declare that they have no conflicts of interest.

intrusive memories in depression. Memory
2007;15(8):912-920.

Compas BE, Stoll MF, Thomsen AH, et al. Ad-
justment to breast cancer: age-related differ-
ences in coping and emotional distress. Breast
Cancer Res Treat 1999;54(3):195-203.
Cordova MJ, Andrykowski MA, Kenady DE,
et al. Frequency and correlates of posttrau-
matic-stress-disorder-like  symptoms  after
treatment for breast cancer. J Consult Clin
Psychol 1995;63(6):981-986.

Palmer SC, Kagee A, Coyne JC, DeMichele A.
Experience of trauma, distress, and posttrau-
matic stress disorder among breast cancer
patients. Psychosom Med 2004;66(2):258—
264.

Koopman C, Butler LD, Classen C, et al.
Traumatic stress symptoms among women
with recently diagnosed primary breast can-
cer. J Trauma Stress 2002;15(4):277-287.
Shelby RA, Golden-Kreutz DM, Andersen BL.
PTSD diagnoses, subsyndromal symptoms,
and comorbidities contribute to impairments
for breast cancer survivors. J Trauma Stress
2008;21(2):165-172.

Golden-Kreutz DM, Thornton LM, Wells-Di
Gregorio S, et al. Traumatic stress, perceived
global stress, and life events: prospectively
predicting quality of life in breast cancer
patients. Health Psychol 2005;24(3):
288-296.

Antoni MH, Wimberly SR, Lechner SC,
et al. Reduction of cancer-specific thought
intrusions and anxiety symptoms with a stress
management intervention among women under-
going treatment for breast cancer. Am J Psychia-
try 2006;163(10):1791-1797.

Duijts SFA,Faber MM, Oldenburg HSA, van
Beurden M, Aaronson NK. Effectiveness of
behavioral techniques and physical exercise on
psychosocial functioning and health-related
quality of life in breast cancer patients and
survivors-a meta-analysis. Psycho-Oncology
2011;20(2):115-126.

Sood AK, Bhatty R, Kamat AA, et al.
Stress hormone-mediated invasion of ovarian
cancer cells. Clin Cancer Res 2006;12
(2):369-375.

Thaker PH, Han LY, Kamat AA, et al.
Chronic stress promotes tumor growth and
angiogenesis in a mouse model of ovarian
carcinoma. Nat Med 2006;12(8):939-944.
Sloan EK, Priceman SJ, Cox BF, et al. The
sympathetic nervous system induces a meta-
static switch in primary breast cancer. Cancer
Res 2010;70(18):7042—7052.

Psycho-Oncology 22: 1889—1894 (2013)
DOI: 10.1002/pon



1894

36.

37.

38.

39.

Yang EV, Sood AK, Chen M, et al. Norepi-
nephrine up-regulates the expression of vas-
cular endothelial growth factor, matrix
metalloproteinase (MMP)-2, and MMP-9 in
nasopharyngeal carcinoma tumor cells. Can-
cer Res 2006;66(21):10357-10364.

Yang EV, Kim SJ, Donovan EL, et al.
Norepinephrine upregulates VEGF, IL-8,
and IL-6 expression in human melanoma tu-
mor cell lines: Implications for stress-related
enhancement of tumor progression. Brain
Behav Immun 2009;23(2):267-275.

Ganz PA, Cole SW. Expanding our therapeutic
options: beta blockers for breast cancer? J Clin
Oncol 2011;29(19):2612-2616.

Brosschot JF, Gerin W, Thayer JF. The
perseverative cognition hypothesis: a review
of worry, prolonged stress-related physiological
activation, and health. J Psychosom Res
2006;60(2):113-124.

Copyright © 2012 John Wiley & Sons, Ltd.

40.

41.

42.

43.

44.

Costanzo ES, Sood AK, Lutgendorf SK. Bio-
behavioral influences on cancer progression.
Immunol Allergy Clin North Am 2011;31(1):
109-132.

Nolen-Hoeksema S, Jackson B. Mediators of
the gender difference in rumination. Psychol
Women Q 2001;25(1):37-47.

Kveiborg B, Christiansen B, Major-Petersen A,
Torp-Pedersen C. Metabolic effects of beta-
adrenoceptor antagonists with special emphasis
on carvedilol. Am J Cadiovasc Drugs 2006;6(4):
209-217.

Rossner S, Taylor CL, Byington RP,
Furberg CD. Long-term propranolol treat-
ment and changes in body-weight after
myocardial-infarction. Br Med J 1990;300
(6729):902-903.

Luijendijk HJ, van den Berg JF, Hofman A,
Tiemeier H, Stricker BHC. Beta-blockers
and the risk of incident depression in the

45.

46.

47.

48.

M. E. Lindgren et al.

elderly. J Clin Psychopharmacol 2011;31
(1):45-50.

Foody JM, Farrell MH, Krumholz HM. beta-
blocker therapy in heart failure: scientific
review. JAMA 2002;287(7):883-889.
Sumitomo N, Harada K, Nagashima M, et al.
Catecholaminergic polymorphic ventri-
cular tachycardia: electrocardiographic
characteristics and optimal therapeutic
strategies to prevent sudden death. Heart
2003:89(1):66-70.

Schoenen J, Maertens de Noordhout A,
Timsit-Berthier M, Timsit M. Contingent
negative variation and efficacy of beta-block-
ing agents in migraine. Cephalalgia 1986;6
(4):229-233.

Drew PJ, Barnes JN, Evans SJ. The effect
of acute beta-adrenoceptor blockade on exami-
nation performance. Br J Clin Pharmacol
1985;19(6):783-786.

Psycho-Oncology 22: 1889—1894 (2013)
DOI: 10.1002/pon



