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Abstract The aim of this study was to evaluate the
impact of a twice-weekly strength training intervention on
perceptions of body image in 234 breast cancer survivors
(112 with lymphedema) who participated in the Physical
Activity and Lymphedema (PAL) trial. The study popula-
tion included two hundred and thirty-four women randomly
assigned to twice-weekly strength training or control group
that completed the 32-item Body Image and Relationships
Scale (BIRS) at baseline and 12 months. Percent change in
baseline to 12-month BIRS total and subscale scores, upper
and lower body strength, and general quality of life (QOL)
were compared by intervention status. A series of multiple
linear regression models including indicator variables for
subgroups based on age, marital status, race, education,
BMI, and strength change were used to examine differen-
tial intervention impact by subgroup. Strength and QOL
variables were assessed as mediators of the intervention
effect on BIRS. Results: Baseline BIRS scores were similar
across intervention and lymphedema status. Significantly
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greater improvement in BIRS total score was observed
from baseline to 12 months in treatment vs. control par-
ticipants (12.0 vs. 2.0%; P < 0.0001). A differential impact
of the intervention on the Strength and Health subscale was
observed for older women (>50 years old) in the treatment
group (P = 0.03). Significantly greater improvement was
observed in bench and leg press among treatment group
when compared to control group participants, regardless of
lymphedema. Observed intervention effects were indepen-
dent of observed strength and QOL changes. Twice-weekly
strength training positively impacted self-perceptions of
appearance, health, physical strength, sexuality, relation-
ships, and social functioning. Evidence suggests the inter-
vention was beneficial regardless of prior diagnosis of
lymphedema. Strength and QOL improvements did not
mediate the observed intervention effects.

Keywords Breast cancer survivors - Body image -
Strength training - Lymphedema

Introduction

Body image is a construct impacted by physical and psy-
chological changes experienced as a result of breast cancer
treatment. Surgeries leave scars, alter sensation, and may
cause shoulder morbidity [1, 2]. Radiation can lead to skin
discoloration, dermatitis, and soreness of the treated area
[3, 4]. Chemotherapy may result in hair loss and weight
gain [5], and hormonal therapies cause early menopause
[6], body aches and pains, and vasomotor symptoms [7].
Both externally visible and internal changes resulting from
cancer illness and treatment can affect individuals’ per-
ceptions of themselves. In adults, the more visible the
alteration to the body, the more likely it is to be perceived
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as a threat to one’s body image [8]. A woman’s ability to
adjust to breast cancer illness and treatment can be com-
promised if she is greatly concerned about body image or
satisfaction [9]. Further, in a 10-year survival analysis,
favorable body image was shown to be associated with a
reduced risk of mortality [10].

Body image [11, 12] and other outcomes, including
cardiorespiratory fitness [13—-16], body composition [15,
17], immune function [18], fatigue [15, 16, 19, 20], and
QOL [11, 13-16, 20], have been shown to improve fol-
lowing aerobic exercise interventions for breast cancer
survivors. Less is known regarding the impact of resistance
or weight training on physiological and psychological out-
comes. Prior weight training intervention trials in breast
cancer survivors include the Weight Training for Breast
Cancer Survivors (WTBS) study and the Supervised Trial
of Aerobic Versus Resistance Training (START) study [21,
22]. These studies observed positive changes in body
composition and QOL in the weight-lifting group compared
to the control group [21-23]. However, the effect of these
weight training interventions on body image is unknown. In
women without cancer, twice-weekly strength training has
been shown to improve body image, attitudes toward
physical self, and upper and lower body strength [24]. Study
participants expressed an attitude toward internal wholeness
rather than feelings toward specific body parts. Rationale
for these findings may be the observation that women are
motivated to exercise in order to feel good about themselves
and not because of their weight [25]. Additionally, func-
tionality and ability of the body to perform tasks are
important to one’s concept of body image [8]. Therefore, it
is reasonable to hypothesize that an increase in muscle
strength (which would increase functional ability to per-
form tasks) might lead to improved perception of body
image, as has been demonstrated [24]. Thus, interventions
with potential to increase strength may improve perceptions
of body image in breast cancer survivors.

In prior exercise interventions for breast cancer survivors,
body image has been measured generically and without a
disease-specific instrument. The need for development of a
breast cancer-specific instrument was underscored by anec-
dotal reports of participants in the WTBS strength training
intervention study [23], stating they experienced changes in
body image relating to their sense of strength and health,
social barriers, appearance, and sexuality that were impor-
tant to them but not measured by the QOL survey completed
for the study (CARES-SF [26]). As a result, the BIRS [27]
was developed and tested for reliability and validity for use in
the Physical Activity and Lymphedema (PAL) trial [28] and
other studies of breast cancer survivors.

The PAL trial assessed the safety and efficacy of twice-
weekly progressive strength training in breast cancer sur-
vivors with and at risk for lymphedema. The main
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outcomes were lymphedema flare-ups in women with
lymphedema [29] and lymphedema onsets in women pre-
viously without lymphedema. Secondary outcomes inclu-
ded changes in strength, body composition, QOL, and
perceptions of body image. The objective of this paper is to
examine the effects of weight training on changes in per-
ception of body image in PAL trial participants with and
without lymphedema. We hypothesized that weight train-
ing would improve total body image and related subscales
as measured by percent change in the BIRS from baseline
to 12 months and improve measured strength and general
QOL variables. We explored whether any subgroups of
participants experienced differential intervention effects on
measured perception of body image. We also hypothesized
that 12-month changes in strength and general QOL would
mediate the influence of weight training on improved
perception of body image.

Methods
Design and participants

The PAL trial was a randomized controlled trial among
breast cancer survivors with and at risk for lymphedema. In
two parallel and concurrent arms determined by baseline
lymphedema status (yes/no), women were randomized into
a 1-year weight-lifting treatment group or wait-list control
group. The study design is described in full elsewhere [28].
After baseline measures, a blinded staff member placed
participants randomly into two equal-sized groups through a
computerized process called minimization [30, 31]. Mini-
mization balanced the treatment and control groups on six
potential baseline confounders: lymphedema status (yes vs.
no), age (<54 vs. >54 years), interlimb volume differences
(<10%, 10-20%, >20%), number of lymph nodes removed
(<6 vs. >6), obesity (BMI < 30 vs. >30 kg/mz), months
since diagnosis (<60 vs. >60), and history of radiation
treatment (yes vs. no). Regulations of the University of
Pennsylvania’s human subjects’ protection programs were
followed. Women provided written informed consent and
clearance from a physician prior to participation.

Breast cancer survivors were recruited within the Phila-
delphia metropolitan area. Recruitment methods and eligi-
bility criteria are described elsewhere [32]. Briefly, two
methods of recruitment were used: active and passive. Active
recruitment involved approaching survivors directly through
a letter from state and hospital cancer registries. Passive
recruitment involved the use of print, broadcast media, and
public events. Eligibility requirements included female
gender, history of unilateral non-metastatic breast cancer
diagnosis >1 year before study entry, body mass index
<50 kg/m?, currently cancer free, no medical conditions
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Fig. 1 Flow of participants
through the study

3200 assessed for eligibility ‘

2905 Excluded
1257 Not meeting inclusion criteria

399 Refused to participate

—

v

141 WITH lymphedema

(/295 Randomized \"‘) 649 Other reasons
\"\\ ///
v
l ‘ 154 AT RISK for lymphedema

]

)

71 Assigned to and
received intervention

70 Assigned to wait-list

control group

No. Lost to follow-up No. Lost to follow-up
N=17,239% N=12,17 1%

No. Included in
analysis

N= 54

No. Included in

)

+

77 Assigned to and
received intervention

77 Assigned to wait-
list control group

No. Lost to follow-up No. Lost to follow-up
N=18,233% N= 16, 20.8%

No. Included in

No. Included in

\

limiting participation in an exercise program, no weight
lifting in the year prior to study entry, not currently or
recently pregnant or lactating, no plans for surgery or preg-
nancy or to move away from the area or be away for a month
or more during the study period, and currently weight stable
and not actively trying to lose weight (by self-report). Fig-
ure 1 presents the flow of participants in the study.

Weight training intervention

For the first 13 weeks, treatment group participants were
instructed twice-weekly in groups of two to six survivors at a
community fitness center (usually a YMCA). Certified fit-
ness professionals employed by the fitness centers led the
90-min sessions, which included stretching, 10 min of car-
diovascular warm-up, ‘core’ exercises to strengthen
abdominal and back muscles, and weight-lifting exercises.
During the first eight sessions, new weight-lifting exercises
were introduced with little or no resistance. Resistance was
increased for each upper body exercise at minimal incre-
ments (1/2 pound) after two sessions without change in
lymphedema-related arm symptoms. If they experienced no
change in lymphedema symptoms, no upper limit was placed
on the weight to which women could progress. Upper body
exercises included seated row, supine dumbbell press, lateral
or front raises, bicep curls, and triceps pushdowns. Lower
body exercises included leg press, back extension, leg
extension, and leg curl. Three sets per exercise were per-
formed at each session, ten repetitions per set. After
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13 weeks, participants continued twice-weekly unsuper-
vised exercise at the YMCA to 1 year. Fitness trainers called
women who missed more than one session per week and
asked those who missed more than two consecutive sessions
to reduce resistance and rebuild slowly. Control group par-
ticipants were asked not to change their level of exercise
during study participation. Following study completion,
control group participants were offered a 1-year fitness
center membership with 13 weeks of supervised instruction.

Measurements
Body image

The instrument central to this analysis is the Body Image and
Relationships Scale (BIRS), which measures self-percep-
tions of appearance, health, physical strength, sexuality,
relationships, and social functioning. The BIRS was
designed to capture elements of body image, strength, sex-
uality, and appearance unique to women diagnosed and
treated for breast cancer. The instrument targets specific
components of psychosocial adjustment and functioning for
breast cancer survivors that have not been captured by
existing QOL instruments. The 32-item instrument has
demonstrated reliability and internal consistency in female
breast cancer survivors [27]. Response options range on a
five-point bipolar scale (1 = disagree strongly and
5 = agree strongly). Summing all items yields a total score;
subscale scores for strength and health, social barriers, and
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Table 1 Sample items of the
Body Image and Relationships
Scale

Strength and
health

I felt physically capable of all the things I wanted to do
My body was strong

I felt uncomfortable or embarrassed because I was out of shape

Social barriers

Hot flashes prevented me from doing things I wanted to do

Physical symptoms from breast cancer treatment (surgery, chemotherapy, radiation)
prevented me from doing things I wanted to do

I restricted my social activities because of changes in my physical appearance that
I attribute to my breast cancer surgery

Appearance and
sexuality

I have felt sexually attractive

I was uncomfortable with or embarrassed by the appearance of my body

I felt like I had some control over how healthy I was

appearance and sexuality are generated as well, a higher
score indicating greater impairment. Strength and health
items assess perceived physical impairment, including
decreased energy and control of health, as a result of treat-
ment. The social barriers subscale assesses perceptions of
impairment in social interactions. Appearance and sexuality
items gauge enjoyment or satisfaction with sexual activity
and physical appearance and altered perception of one’s
body as related to treatment. Example items from each
subscale are displayed in Table 1.

General QOL

The PAL intervention QOL assessment at baseline and
1 year included the SF-36, Version 2 [33], a widely used
generic health profile. It is appropriate for use with adults of
all ages, has extensive age and gender-specific norms, and
has been used extensively in breast cancer survivors [34-36].
The SF-36 provides subscale scores for eight domains of
health-related QOL — mental health, physical health, emo-
tional role function, physical role function, social health,
pain, vitality/energy, health perceptions, physical and men-
tal health summary scores, and one health transition item.

Additional measures

Baseline and 12-month anthropometry included weight via
calibrated digital scale and height via mounted stadiometer
(baseline only). Upper and lower body strength measure-
ments by one repetition maximum tests (One Repetition
Maximum = 1-RM) were assessed using the bench press
and leg press. 1-RM tests, the standard for evaluating
increases in muscular strength [37], are safe for most
populations when properly supervised [37-39]. Measure-
ments were completed at the University of Pennsylvania at
baseline and 12 months by trained research staff blinded to
participant treatment status. Participants were paid up to
$145 for measurement visits, and parking was provided.
Full details of the PAL measurement protocols have been
described elsewhere [28].

@ Springer

Statistical analysis

Baseline participant characteristics were compared across
treatment and control groups and between participants who
completed versus those who did not complete the 12-month
BIRS data. Student t-tests were used for comparisons of
continuous variables and chi-square tests (or Fisher 2-sided
exact tests) for categoric variables. Multiple linear regres-
sion models were used to examine the between group dif-
ferences in percent change from baseline to 12 months for
the BIRS, QOL, and strength outcomes. All models con-
trolled for baseline values of the outcome. Percent change
was calculated as follows: [((12-month score—Baseline
score)/Baseline score) -100%]. Percent change was used
because it facilitates comparison of the magnitude of inter-
vention effects for individuals at higher versus lower base-
line scores. The earlier analyses were performed for the
overall cohort and separately for subjects with and without
lymphedema at baseline, due to the hypothesized influence
of decreased function that is associated with lymphedema.
Then, a series of multiple linear regression models were used
by including indicator variables of categoric subgroups (age
(<50/50+), marital status (living as married/single), race
(white/nonwhite), education (college graduate, some col-
lege, none), BMI (<25, 25-30, >30), and data-driven tertiles
for change in strength) and treatment allocation as a second
independent variable, as well as an interaction term (sub-
group characteristic multiplied by intervention status). A
significant interaction term would indicate a differential
intervention effect across subgroup values. All models were
run within lymphedema strata. To test whether the influence
of treatment allocation on percent changes in BIRS total and
subscores was mediated by changes in strength or general
QOL variables, the Sobel-Goodman test [40] and regression
models of multiple mediators [41] were conducted. The
Sobel-Goodman test determines the significance and influ-
ence of mediating variables individually, while the regres-
sion of multiple mediators returns a coefficient for multiple
mediators, allowing computation and comparison of the
products of specific indirect effects with the total indirect
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effect. One regression model included the SF-36 Physical
Composite Score (PCS) and Mental Composite Score (MCS)
percent change variables, the other included bench press and
leg press percent change variables. For all analyses, adjust-
ing effects in the overall cohort for lymphedema status did
not alter results (data not shown); presented results for the
overall cohort are not adjusted for lymphedema. The prob-
ability level for statistical significance was set at P < 0.05
for all comparisons. All statistical analyses were done using
Stata 10.0 Software [42].

Results

The flow of study participants is shown in Fig. 1. Briefly,
3,200 breast cancer survivors contacted the study to express

interest (N = 2,201) ordecline (N = 999). Of these, 506 were
eligible by telephone screen: 371 attended an orientation
session and signed a consent form, and 295 were randomized.
Of these, 141 had clinically diagnosed lymphedema prior to
study entry. The rate of participants lost to follow-up was
7.7% (N = 22) for the trial main outcomes and 20.7%
(N = 61) for complete baseline and 12-month BIRS scores.
Median attendance for the 12-month intervention was 82%.
The lack of significant increases in strength in the control
group supports a lack of contamination in the control group.
Table 2 describes the baseline characteristics of all partici-
pants with complete baseline and 12-month follow-up BIRS
scores (N = 234). The mean age was 56.5 years (range 36—
80). By design, time since diagnosis differed across baseline
lymphedema status. The mean number of lymph nodes
removed was greater among women with baseline

Table 2 Description of participants at baseline [mean (SD) or N (%)] for all subjects with 12-month follow-up for BIRS total score

Variables With lymphedema (N = 112)

Without lymphedema (N = 122)

Treatment (n = 54)

Control (n = 58)

Treatment (n = 59) Control (n = 63)

Demographics and characteristics

Age (years) 56 (9) 58 (9) 55 (7) 57 (8)
Education
HS or less 8 (15) 12 (21) 4 (7) 9 (14)
Some college 17 (31) 20 (34) 20 (34) 18 (29)
College or more 29 (54) 26 (45) 35 (59) 36 (57)
Race
White 31 (57) 34 (59) 42 (71) 52 (83)
Black 23 (43) 22 (38) 13 (22) 11 (17)
Other 0 (0) 2 (3) 4 (7) 0 (0)
Occupation
Professional 15 (28) 17 (29) 21 (36) 25 (40)
Clerical/service 7 (13) 8 (14) 12 (20) 9 (14)
Unemployed 2 (4) 1) 23 2 (3)
Other/unknown 19 (35) 10 (17) 15 (25) 14 (22)
Retired 11 (20) 22 (38) 9 (15) 13 (21)
Strength
Bench press 43 (16) 39 (11) 40 (12) 40 (11)
Leg press 185 (65) 161 (58) 165 (45) 175 (48)
Cancer history
Time since diagnosis (months) 78 (42) 89 (45) 37 (14) 42 (15)
Cancer stage
DCIS 0 (0) 6 (10) 1(2) 1)
1 13 (24) 8 (14) 22 (37) 22 (35)
2 20 (37) 14 (24) 19 (32) 17 (27)
3 4(7) 11 (19) 6 (10) 2 (3)
Unknown 17 (32) 19 (33) 11 (19) 21 (33)
# Nodes removed 15 (8) 15 (8) 8 (6) 9(7)
Chemotherapy (% yes) 85 79 71 67
Radiation (% yes) 83 78 75 73
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Table 3 Baseline BIRS and SF-36 scores by treatment and lymphedema status for participants with baseline and 12-month follow-up

Variable All

LE only

No LE

Tx Control

Tx

Control Tx Control

n Mean (SD) n Mean (SD)

n

Mean (SD) n Mean (SD) n  Mean (SD) n  Mean (SD)

BIRS

Total

Total items = 32

Possible score = (32-160)
Strength and health

Total items = 12

Possible score = (12-60)

Social barriers®

113 80.8 (18.5) 121 76.8 (17.3)

113 337(9.5) 121 319 (8.6)

Total items = 9 111 119
Possible score = (9-45)

Appearance and sexuality®

16.6 (6.5) 15.4 (5.9)

Total items = 11 104 111
Possible score = (11-55)
SF-36"

Mental composite

Total items = 35
Possible score = (0-100)
Physical composite

Total items = 35

Possible score = (0-100)

30.1 (6.1) 28.6 (5.7)

113 52.1(94) 120 539 (7.5)

484 (8.9) 120 48.2 (8.8)

54

54

52

47

54

54

80.7 (20.0) 58 782 (16.9) 59 81.0(17.2) 63 75.6 (17.7)

335(09.2) 58 329(76) 59 33998 63 310094

170 (7.6) 57 159(6.2) 59 164 (.5 62 151 (5.7

305 (6.8) 54 28.8(59) 57 29.7(5.6) 57 284(5.5)

52.6 (8.8) 58 547(7.1) 59 51.6(10.0) 62 53.1(7.9)

469 (8.9) 58 46.7(9.4) 59 49.7(8.7) 62 495 (8.0)

LE lymphedema

? The sample size is smaller because of incomplete items, participants were reminded that they could choose not to answer questions that made

them uncomfortable when completing surveys at each time point
" High score is better

lymphedema; the range was 1-38. Baseline data show that
minimization balanced the groups across treatment allocation
and within lymphedema status; none of the differences were
statistically significant. Tests comparing the 234 women with
complete baseline and 12-month data to the 61 women with
incomplete data lost to follow-up indicate no differences in
variables listed in Table 2 (results not shown).

Table 3 shows baseline BIRS and SF-36 composite scores
by treatment allocation and within lymphedema status;
baseline score were comparable. The baseline mean BIRS
total and Social Barriers subscores of women lost to follow-
up differed statistically from those with complete follow-up
data (BIRS total mean = 85.1 vs. 78.8, P value = 0.03;
Social Barriers mean = 18.6 vs. 16.4, P value = 0.05).
Their scores did not differ by lymphedema status. Table 4
shows the baseline to 12-month percent change in BIRS
scores, SF-36, and 1-RM strength measures. For the overall
BIRS score, changes of 12.0 vs. 2.0% (P < 0.0001) were
observed from baseline to 12 months in treatment versus
control participants. Changes in overall and subscale scores
for the BIRS were similar when analyzed within lymphe-
dema status. Significant changes from baseline to 12 months

@ Springer

were observed in the bench and leg press in treatment versus
control participants, and within lymphedema status. The only
significant difference in SF-36 percent change over
12 months was in the mental summary score for treatment
versus control participants with lymphedema.

Multiple linear regression models testing the differential
impact of the intervention on BIRS total and subscale scores
found few significant interactions (results not shown). The
interaction between age and treatment allocation was signifi-
cant, with older women (>50 years old) in the treatment group
experiencing a significantly improved strength and health
score (P = 0.03), the main effect for age subgroup was not
significant. Sobel-Goodman tests and regression models with
multiple mediators found no significant influence of changes
in strength or general QOL variables on 12-month changes in
BIRS total score and subscale scores (results not shown).

Discussion

Results indicate the PAL strength training intervention had
beneficial effects on self-perceptions of appearance, health,
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Table 4 12-month score and percent change for BIRS, SF-36, and 1-RM outcomes by treatment and lymphedema status

Variable Tx Control P value**
n 12-month mean (SD) % A mean (SD) n 12-month mean (SD) % A mean (SD)
BIRS*
Total
All 113 70.2 (17.8) 12.0 (16.7) 121 74.7 (18.2) 2.0 (15.4) <0.0001
LE 54 70.0 (19.5) 12.0 (18.2) 58 78.0 (18.3) —0.4 (14.3) <0.0001
No LE 59 70.4 (16.3) 12.0 (15.5) 63 71.5 (17.7) 4.1 (16.2) 0.03
Strength and health
All 113 27.8 (8.9) 14.9 (22.8) 121 30.5 (8.9) 2.7 (19.4) <0.0001
LE 54 27.7 (9.3) 15.7 (24.7) 58 32.8 (8.8) —0.2 (16.9) <0.0001
No LE 59 27.9 (8.7) 15.3(21.2) 63 28.2 (8.5) 6.2 (21.2) 0.08
Social barriers
All 111 14.8 (5.5) 5.4 (34.2) 119 14.9 (6.1) —1.8 (35.5) 0.31
LE 52 14.7 (5.8) 6.5 (34.8) 57 15.8 (6.5) —4.5 (37.1) 0.17
No LE 59 14.9 (5.2) 4.4 (33.8) 62 14.1 (5.8) 0.7 (34.0) 0.98
Appearance and sexuality
All 104 27.5 (6.1) 7.3 (16.6) 111 28.4 (6.2) —0.7 (18.1) 0.004
LE 47 27.8 (7.0) 7.6 (18.9) 54 28.8 (6.2) —-1.4 (19.7) 0.04
No LE 57 27.3 (5.3) 7.2 (14.6) 57 28.1 (6.2) —0.2 (16.7) 0.04
SF-36*
Mental composite
All 112 53.2 (9.6) 3.3 (18.6) 120 53.8 (8.7) 0.4 (15.5) 0.30
LE 54 54.3 (9.6) 33 (11.9) 58 53.3 (9.0) -2.5(12.9) 0.02
No LE 58 52.2 (9.5) 33 (23.2) 62 54.2 (8.5) 3.1(17.2) 0.92
Physical composite
All 112 50.7 (8.2) 6.1 (17.9) 120 49.1 9.3) 3.4 (19.5) 0.12
LE 54 48.7 (8.9) 5.5 (18.8) 58 47.1 (10.4) 2.5 (21.7) 0.50
No LE 58 52.4 (7.0) 6.6 (17.1) 62 51.0 (7.8) 4.1 (17.3) 0.10

Strength 1-RM

Bench press

All 113 52.9 (15.3) 33.2 (40.8) 119 40.9 (11.8) 7.6 (43.7) <0.0001

LE 54 52.2 (18.0) 30.5 (35.6) 58 38.9 (12.3) 5.0 (23.6) <0.0001

No LE 59 53.5 (12.5) 35.7 (45.0) 61 43.0 (11.0) 10.2 (56.1) 0.006
Leg press

All 113 223.4 (59.6) 332 (33.9) 119 175.1 (53.5) 7.9 (26.6) <0.0001

LE 54 235.9 (68.1) 32.5 (33.6) 58 162.4 (54.3) 7.6 (22.7) <0.0001

No LE 59 211.9 (48.3) 33.8 (34.2) 61 187.3 (50.2) 8.2 (29.9) <0.0001

+% change indicates improvement, —% change indicates decline
LE lymphedema

* Sample sizes vary by subscore and instrument, because participants were given the option to leave an item blank if it made them feel
uncomfortable. Total score was generated accounting for missing items

** Comparison between groups in difference in percent change is adjusted for baseline value of outcome

physical strength, sexuality, relationships, and social func- ~ women without cancer [24]. The potential for strength
tioning, as measured by the Body Image and Relationships  increases to mediate the effect of weight training on per-
Scale. Significant 12-month changes were also observed in  ception of body image was examined, given findings that
upper and lower body strength, as has been previously = women report exercising to feel good about themselves [25]
reported following a strength training intervention in  and not to increase the attractiveness of a particular body
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part [24]. However, tests of mediation were not significant,
and the mechanism of the PAL intervention’s impact on
improved perception of body image remains unclear.

Based on the findings of previous aerobic [11, 13-16,
20] and strength training [22, 23] interventions, it was
hypothesized that strength training would have a beneficial
effect on general QOL and that general QOL may mediate
the influence of the intervention on improved perceptions
of body image, given that body image has been shown to
be linked to QOL in studies of breast cancer survivors [43].
An explanation for both the lack of significant change
observed in general QOL and lack of mediation is that all
participants were at or near published SF-36 U.S. norm
summary scores at baseline, suggesting their level of QOL
was not susceptible to improvement. Observing baseline
norm summary scores in this population is consistent with
the findings of Ganz et al., in that QOL is high in breast
cancer survivors many years after their initial diagnosis
[44].

No association was observed between lymphedema
status and decreased BIRS scores at baseline or improve-
ment at 12 months. It was hypothesized that measured
perception of body image would vary by lymphedema
status, given previous findings that side effects of lymph-
edema, such as limb swelling, discomfort and impaired arm
function [45], and decreased range of motion, are associ-
ated with poorer QOL [46, 47]. In addition to being a
functional impairment, lymphedema is also a visual
reminder of breast cancer treatment and difficult to conceal
— qualities consistent with altered body image in people
with chronic conditions [8]. Whether the women with
lymphedema in the PAL study are unique in their percep-
tion of body image is unknown, as there is no normative
body image data specific to breast cancer survivors with or
without lymphedema. The improvement in BIRS total
score was 12.0% for intervention participants with and
without lymphedema. From these results, one may con-
clude the intervention was beneficial regardless of prior
lymphedema diagnosis.

Strengths of the PAL trial include the randomized
controlled design, large sample size, length of exercise
intervention, and use of a novel disease-specific instrument
to capture perceptions of body image in breast cancer
survivors. Sample size and length of intervention in pre-
vious strength training interventions after breast cancer
treatment ranged from 6-to-242 women and 7 weeks to
6 months [22, 48] when compared to a sample size of 295
women and a 12-month intervention in this study. The
BIRS instrument was specifically designed to capture
experiences unique to women diagnosed and treated for
breast cancer that relate to appearance, health, physical
strength, sexuality, relationships, and social functioning
[27], which have not been collected effectively in existing

@ Springer

QOL instruments. The importance of these experiences
grew from WTBS study [23] focus groups, and participant
comments on body image changes; notably, as body image
relates to social barriers, sense of strength and health,
appearance, and sexuality; all of which may have been
altered by breast cancer and its treatments.

Limitations of the PAL trial deserve mention. Sixty-one
participants (20.7%) were lost to follow-up for the BIRS
analysis, while only 7.7% were lost to follow-up for the
main safety and onset outcomes. One explanation for lost
to follow-up variation in the different outcomes is the
nature and timing of assessing the safety and onset out-
comes. Lymphedema flare-ups and onset were captured as
they occurred, while BIRS administration occurred at set
data collection time points. The women lost to follow-up
were observed to have significantly poorer baseline mean
BIRS total and Social Barriers subscores when compared to
those with complete data. One explanation for this finding
is that women with more social barriers may be more likely
to drop out of a small-group-based exercise intervention,
hence their poorer score. The present study observed a
significant effect of strength training on the overall BIRS
score and no effect of strength training on social barriers
among breast cancer survivors. Unfortunately, the differ-
ential loss to follow-up among women initially reporting
more social barriers and lower overall body image intro-
duces a selection bias that limits the ability to conclude that
these findings are generalizable to women with initially
poorer scores for social barriers and overall BIRS index.

In conclusion, elements of body image, including self-
perceptions of appearance, health, physical strength, sexual-
ity, relationships, and social functioning, improved with
twice-weekly strength training in breast cancer survivors
regardless of prior diagnosis of lymphedema. These findings
may have clinical relevance and utility given the observed
association between external and internal changes induced by
cancer treatment and altered body image [8], as well as evi-
dence supporting the association of favorable body image and
long-term survival and mortality [10]. The BIRS is a newly
developed instrument that uniquely measures self-perceptions
of body image in breast cancer survivors, and no comparative
normative data exist at this time. Physical activity interven-
tions for breast cancer survivors should utilize the BIRS in
order to draw conclusions regarding the impact of various
types of physical activity on body image. Longer follow-up of
the PAL cohort would aid in understanding potentially mod-
ifiable physiologic and psychosocial factors related to the
construct of body image in breast cancer survivors.

Acknowledgments The authors thank the members of Writers
Seminar of The CHOP/PENN Mentored Psychosocial Research
Curriculum, supported by a K05 award to Anne E. Kazak, Ph.D.
(CA128805), for reading and reviewing prior drafts of this paper.



Breast Cancer Res Treat (2010) 121:421-430

429

References

12.

13.

14.

15.

16.

17.

18.

. Baron RH, Kelvin JF, Bookbinder M, Cramer L, Borgen PI,

Thaler HT (2000) Patients’ sensations after breast cancer surgery.
A pilot study. Cancer Pract 8(5):215-222

. Nesvold IL, Dahl AA, Lokkevik E, Marit Mengshoel A, Fossa

SD (2008) Arm and shoulder morbidity in breast cancer patients
after breast-conserving therapy versus mastectomy. Acta Oncol
47(5):835-842

. Lopez E, Nunez MI, Guerrero MR, del Moral R, de Dios Luna J,

del Mar Rodriguez M, Valenzuela MT, Villalobos M, Ruiz de
Almodovar JM (2002) Breast cancer acute radiotherapy mor-
bidity evaluated by different scoring systems. Breast Cancer Res
Treat 73(2):127-134

. Camidge R, Price A (2002) Radiation recall dermatitis may

represent the Koebner phenomenon. J Clin Oncol 20(19):4130
author reply 4130

. Demark-Wahnefried W, Rimer BK, Winer EP (1997) Weight

gain in women diagnosed with breast cancer. ] Am Diet Assoc
97(5):519-529

. Griffin AM, Butow PN, Coates AS, Childs AM, Ellis PM, Dunn

SM, Tattersall MH (1996) On the receiving end. V: patient per-
ceptions of the side effects of cancer chemotherapy in 1993. Ann
Oncol 7(2):189-195

. Ganz P (2005) Breast cancer, menopause, and long-term survi-

vorship: critical issues for the 2Ist century. Am J Med
118(12B):1365-1415

. Luskin Biordi D, Warner AM, Knapik GP (2006) Body image. In:

Morof Lubkin I, Larsen PD (eds) Chronic illness: impact and
interventions, 6th edn. Jones & Bartlett, Sudbury, MA, pp 181-
197

. Carver CS, Pozo-Kaderman C, Price AA, Noriega V, Harris SD,

Derhagopian RP, Robinson DS, Moffat FL Jr (1998) Concern
about aspects of body image and adjustment to early stage breast
cancer. Psychosom Med 60(2):168-174

. Cousson-Gelie F, Bruchon-Schweitzer M, Dilhuydy JM, Jutand

MA (2007) Do anxiety, body image, social support and coping
strategies predict survival in breast cancer? A ten-year follow-up
study. Psychosomatics 48(3):211-216

. Sandel SL, Judge JO, Landry N, Faria L, Ouellette R, Majczak M

(2005) Dance and movement program improves quality-of-life
measures in breast cancer survivors. Cancer Nurs 28(4):301-309
Berglund G, Bolund C, Gustafsson UL, Sjoden PO (1994) One-
year follow-up of the ‘Starting Again’ group rehabilitation pro-
gramme for cancer patients. Eur J Cancer 30A(12):1744-1751
Burnham TR, Wilcox A (2002) Effects of exercise on physio-
logical and psychological variables in cancer survivors. Med Sci
Sports Exerc 34(12):1863—-1867

Courneya KS, Mackey JR, Bell GJ, Jones LW, Field CJ, Fairey
AS (2003) Randomized controlled trial of exercise training in
postmenopausal breast cancer survivors: cardiopulmonary and
quality of life outcomes. J Clin Oncol 21(9):1660-1668

Daley AJ, Crank H, Saxton JM, Mutrie N, Coleman R, Roalfe A
(2007) Randomized trial of exercise therapy in women treated for
breast cancer. J Clin Oncol 25(13):1713-1721

Fillion L, Gagnon P, Leblond F, Gelinas C, Savard J, Dupuis R,
Duval K, Larochelle M (2008) A brief intervention for fatigue
management in breast cancer survivors. Cancer Nurs 31(2):145-
159

Matthews CE, Wilcox S, Hanby CL, Der Ananian C, Heiney SP,
Gebretsadik T, Shintani A (2007) Evaluation of a 12-week home-
based walking intervention for breast cancer survivors. Support
Care Cancer 15(2):203-211

Fairey AS, Courneya KS, Field CJ, Bell GJ, Jones LW, Mackey
JR (2005) Randomized controlled trial of exercise and blood

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

immune function in postmenopausal breast cancer survivors.
J Appl Physiol 98(4):1534-1540

Mock V, Dow KH, Meares CJ, Grimm PM, Dienemann JA,
Haisfield-Wolfe ME, Quitasol W, Mitchell S, Chakravarthy A,
Gage 1 (1997) Effects of exercise on fatigue, physical function-
ing, and emotional distress during radiation therapy for breast
cancer. Oncol Nurs Forum 24(6):991-1000

Mock V, Pickett M, Ropka ME, Muscari Lin E, Stewart KIJ,
Rhodes VA, McDaniel R, Grimm PM, Krumm S, McCorkle R
(2004) Fatigue and quality of life outcomes of exercise during
cancer treatment. Cancer Pract 9(3):119-127

Schmitz KH, Ahmed RL, Hannan PJ, Yee D (2005) Safety and
efficacy of weight training in recent breast cancer survivors to alter
body composition, insulin, and insulin-like growth factor axis
proteins. Cancer Epidemiol Biomarkers Prev 14(7):1672-1680
Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD,
Friedenreich CM, Ladha AB, Proulx C, Vallance JK, Lane K et al
(2007) Effects of aerobic and resistance exercise in breast cancer
patients receiving adjuvant chemotherapy: a multicenter ran-
domized controlled trial. J Clin Oncol 25(28):4396-4404

Ohira T, Schmitz K, Ahmed R, Yee D (2006) Effects of weight
training on quality of life in recent breast cancer survivors.
Cancer 106:2076-2083

Ahmed C, Hilton W, Pituch K (2002) Relations of strength
training to body image among a sample of female university
students. J Strength Cond Res 16(4):645-648

Cash TF, Novy PL, Grant JR (1994) Why do women exercise?
Factor analysis and further validation of the reasons for exercise
inventory. Percept Mot Skills 78(2):539-544

Schag CA, Ganz PA, Heinrich RL (1991) CAncer rehabilitation
evaluation system-short form (CARES-SF). A cancer specific
rehabilitation and quality of life instrument. Cancer 68(6):1406—
1413

LL HormesIM, Gross CR, Ahmed-Saucedo RL, Troxel AB,
Schmitz KH (2008) The body image and relationships scale
(BIRS): development and validation of a measure of body image
in female breast cancer survivors. J Clin Oncol 26(8):1269-1274
Schmitz KH, Troxel AB, Cheville A, Grant LL, Bryan CJ, Gross
CR, Lytle LA, Ahmed RL (2009) Physical activity and lymph-
edema (the PAL trial): assessing the safety of progressive
strength training in breast cancer survivors. Contemp Clin Trials
30(3):233-245

Schmitz KH, Ahmed RL, Troxel A, Cheville A, Smith R, Lewis-
Grant L, Bryan CJ, Williams-Smith CT, Greene QP (2009)
Weight lifting in women with breast-cancer-related lymphedema.
N Engl J Med 361(7):664-673

DS EvansSJW, Royston P (1990) MINIM: minimisation program
for allocating patients to treatments in clinical trials, Version 1.5.
London Hospital Medical College, London

Pocock SJ, Simon R (1975) Sequential treatment assignment with
balancing for prognostic factors in the controlled clinical trial.
Biometrics 31(1):103-115

Rogerino A, Grant LL, Wilcox H 3rd, Schmitz KH (2009)
Geographic recruitment of breast cancer survivors into commu-
nity-based exercise interventions. Med Sci Sports Exerc
41(7):1413-1420

Ware J Jr, Kosinski M, Keller SD (1996) A 12-item short-form
health survey: construction of scales and preliminary tests of
reliability and validity. Med Care 34(3):220-233

Tomich PL, Helgeson VS (2002) Five years later: a cross-sec-
tional comparison of breast cancer survivors with healthy women.
Psycho-oncol 11:154-169

Ganz PA, Desmond KA, Belin TR, Meyerowitz BE, Rowland JH
(1999) Predictors of sexual health in women after a breast cancer
diagnosis. J Clin Oncol 17(8):2371-2380

@ Springer



430

Breast Cancer Res Treat (2010) 121:421-430

36.

38.

39.

40.

41.

42.

Rowland JH, Desmond KA, Meyerowitz BE, Belin TR, Wyatt
GE, Ganz PA (2000) Role of breast reconstructive surgery in
physical and emotional outcomes among breast cancer survivors.
J Natl Cancer Instit 92(17):1422-1429

. Jea FleckS (1997) Designing Resistance Training Programs, 2nd

edn. Human Kinetics, Champaign, IL

Barnard KL, Adams KJ, Swank AM, Mann E, Denny DM (1999)
Injuries and muscle soreness during the one repetition maximum
assessment in a cardiac rehabilitation population. J Cardiopulm
Rehabil 19(1):52-58

Shaw CE, McCully KK, Posner JD (1995) Injuries during the one
repetition maximum assessment in the elderly. J Cardiopulm
Rehabil 15(4):283-287

Sobel M (1982) Asymptotic confidence intervals for indirect
effects in structural equation models. Sociol Methodol 13:290-
312

Preacher KJ, Hayes AF (2008) Asymptotic and resampling
strategies for assessing and comparing indirect effects in multiple
mediator models. Behav Res Methods 40(3):879-891

StataCorp L (1996-2008) Stata 10 data analysis and statistical
software. In: 10 edn. College Station, Texas

@ Springer

43.

44,

45.

46.

47.

48.

Hopwood P, Fletcher I, Lee A, Al Ghazal S (2001) A body image
scale for use with cancer patients. Eur J Cancer 37(2):189-197
Ganz PA, Desmond KA, Leeham B, Rowland JH, Meyerowitz
BE, Belin TR (2002) Quality of life in long-term, disease-free
survivors of breast cancer: a follow-up study. J Natl Cancer Instit
94(1):39-49

Warren AG, Brorson H, Borud LJ, Slavin SA (2007) Lymphe-
dema: a comprehensive review. Ann Plast Surg 59(4):464-472
Velanovich V, Szymanski W (1999) Quality of life of breast
cancer patients with lymphedema. Am J Surg 177(3):184-187
discussion 188

Beaulac SM, McNair LA, Scott TE, LaMorte WW, Kavanah MT
(2002) Lymphedema and quality of life in survivors of early-
stage breast cancer. Arch Surg 137(11):1253-1257

Schmitz KH, Holtzman J, Courneya KS, Masse LC, Duval S,
Kane R (2005) Controlled physical activity trials in cancer sur-
vivors: a systematic review and meta-analysis. Cancer Epidemiol
Biomarkers Prev 14(7):1588-1595



	Changes in the Body Image and Relationship Scale following  a one-year strength training trial for breast cancer survivors  with or at risk for lymphedema
	Abstract
	Introduction
	Methods
	Design and participants
	Weight training intervention
	Measurements
	Body image
	General QOL
	Additional measures
	Statistical analysis


	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


