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Abstract
Purpose Despite more women undergoing treatment for breast cancer and increased survival rates, many women suffer from
anxiety and physical symptoms (e.g., pain, fatigue) surrounding diagnosis and surgery. Research investigating the efficacy of
psychosocial interventions for breast cancer patients during this period is limited. This randomized controlled pilot study
examined the effect of a brief lovingkindness meditation intervention on these key outcomes.
Methods Participants were 60 women who underwent core needle breast biopsy, received an abnormal biopsy result,
and underwent breast surgery (White = 73.6%; African American = 22.6%; Asian American = 3.8%; Age M = 56).
Participants were randomly assigned to one of three treatment conditions at breast biopsy: (1) lovingkindness
meditation, (2) music, and (3) usual care. Assessments of anxiety, pain, fatigue, physiologic reactivity, and self-
compassion occurred prior to patients’ biopsy, following biopsy, 1 week after receipt of biopsy results, and 1 week
following breast surgery.
Results Multilevel modeling analyses demonstrated that lovingkindness meditation significantly improved pain
(p = 0.02), self-compassion (p = 0.004), and heart rate (p = 0.02) over time compared to control conditions.
There was a trend for anxiety (p = 0.05). Music significantly improved pain (p = 0.04) compared to usual care.
Conclusions These findings provide preliminary evidence for the feasibility and efficacy of a lovingkindness meditation inter-
vention for breast cancer patients during the diagnostic and surgical period. Improving psychological and physical well-being
during this time frame has the potential to improve longer-term health outcomes during adjuvant treatment and survivorship.
Interventions that cultivate positive adjustment during the diagnostic and surgical period of breast cancer are an important area of
future research.
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Background

Breast cancer is the most common cancer among women in
the United States (U.S.) with over 255,000 women diagnosed
in 2017 [1]. Many suffer from emotional distress and physical
symptoms associated with breast cancer treatment [2–5], par-
ticularly during the diagnostic and surgical time frame [5–7].
Distress experienced during this period has been associated
with negative psychological (e.g., anxiety) and physical
(e.g., pain, fatigue) outcomes following breast cancer surgery
[8–10].

Few studies have investigated psychosocial interventions
to help breast cancer patients cope with elevated distress and
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bothersome symptoms during the diagnostic and surgical pe-
riod. Most studies have focused solely on the surgical
timeframe [11], neglecting the diagnostic period (e.g., time
of biopsy, receipt of pathology results) despite its elevated
levels of distress. Past studies have also targeted negative
symptoms associated with surgery [12], with little or no atten-
tion on enhancing positive adjustment. Brief mind-body inter-
ventions such as meditation may offer a unique treatment ap-
proach for the diagnostic and surgical period given their abil-
ity to reduce negative emotional and physical symptoms [13,
14], while also improving well-being [15].

Lovingkindness meditation (LKM) may hold particular
promise for breast cancer patients during the diagnostic and
surgical period. LKM is a practice dedicated to developing
positive emotions and releasing negative emotions [16].
Recent studies demonstrate preliminary efficacy of LKM pro-
tocols among healthy and clinical populations [17, 18]. Brief
LKM interventions (i.e., 7–20 min) have been shown to re-
duce anxiety and pain [19, 20], and enhance autonomic func-
tioning and positive psychological outcomes (e.g., self-com-
passion) [21, 22].

A brief LKM protocol introduced to patients early in the
diagnostic period (i.e., breast biopsy) has the potential to im-
prove important psychological and physical symptoms
throughout the diagnostic and surgical period of breast cancer.
We recently conducted a randomized controlled pilot study of
a brief LKM protocol introduced during image-guided core
needle breast biopsy (CNBB). Results found that LKM re-
duced anxiety, pain, and fatigue in patients during CNBB
[23]. In the current study, the primary aim was to examine
the feasibility and preliminary efficacy of the brief LKM pro-
tocol on anxiety, pain, and fatigue among women with abnor-
mal biopsy results who subsequently underwent surgery. A
secondary aim was to examine the effects of LKM on physi-
ologic reactivity (i.e., blood pressure [BP], heart rate [HR])
and self-compassion.

Methods

Participants

Participants were recruited from a breast biopsy clinic at a
southeastern U.S. academic medical center between
September 2012 and December 2013 as part of the larger,
initial study examining women undergoing CNBB [23].
Eligibility criteria included (1) women ≥ 21 years old; (2)
undergoing CNBB; (3) mammography/ultrasound BIRADS
final assessment category 4a-c (suspicious) to 6 (cancer diag-
nosis); (4) able to speak and read English; and (5) provide
consent. The present study examines the subsample of women
who received an abnormal biopsy result and underwent sur-
gery (Fig. 1).

In this HIPPA-compliant study, 138 of 203 invited partici-
pants provided informed consent. Sixty patients from our ini-
tial study [23] met inclusion criteria of receiving an abnormal/
cancerous biopsy result and being referred for surgery. Four
participants did not undergo surgery and were excluded,
resulting in a final 56-patient sample.

Procedures

All eligible patients presenting to the biopsy clinic were given
a brochure describing the study. If interested, they provided
informed consent and a baseline assessment (validated ques-
tionnaires assessing anxiety, pain, fatigue, self-compassion;
BP and HR measurements).

Participants were then randomized to one of the three study
conditions with equal allocation (stratified by ultrasound vs.
stereotactic-guided biopsy) using the program Block Stratified
Randomization Version 5.0: (1) LKM, (2) music, and (3) usu-
al care (UC). Music was selected as a comparison intervention
condition because it was an equally feasible intervention to
deliver during the diagnostic/surgical period and had been
shown to reduce distress associated with biopsy and surgical
procedures [24, 25]. Study staff communicated randomization
results to participants and introduced interventions.

Following biopsy (see Soo et al.; [23]), patients completed
a second assessment (questionnaires as above; demographic/
medical questionnaire; BP and HR measurements) and were
given written information regarding breast and women’s
health. Participants in the LKM and music conditions were
providedwith audio recordings of their respective intervention
for home practice.

Approximately 3 days to 1 week following biopsy, partic-
ipants received biopsy results. Participants receiving abnormal
or cancerous results indicating the need for surgery completed
a third assessment by phone prior to surgery (i.e., 1 week after
receiving the diagnosis). A fourth assessment occurred 1 week
after surgery, following the same procedures. Home practice
was assessed during phone assessments for patients random-
ized to LKM and music interventions. BP and HR were ob-
tained via electronic medical records at participants’ pre- and
post-surgical appointments.

Intervention conditions

Lovingkindness meditation Participants were given a descrip-
tion of LKM and rationale for its use during biopsy [23].
During the biopsy procedure, participants used headphones/
earbuds to listen to an MP3 playing the guided meditation
audio file, specifically developed for use during biopsy.

The LKM focused on developing positive emotions to-
wards oneself and others and releasing negative emotions. It
began with a focus on the breath to encourage relaxation and
then transitioned to contemplating a person one felt warm
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feelings towards (e.g., child, loved one). These feelings were
then extended to a wider circle of individuals (e.g., oneself,
other women receiving breast biopsies). The meditation in-
cluded silent repetition of phrases (e.g., May I be safe; May
she be peaceful) to direct feelings of love, compassion, and
gratitude to different groups.

Following biopsy, participants were given a CD of LKM
practices (e.g., 20-min guided meditation, 5-min guided med-
itation, informal meditation instruction). Participants were
asked to practice for up to 20min daily and told the meditation
could help them relax and cope with challenges post-biopsy
(e.g., discomfort, stress, difficult thoughts/emotions),
referencing relevant LKM research (e.g., ability to reduce
pain, distress; improve well-being) [17–19, 21]. Suggestions
for practice were provided (e.g., find a quiet, comfortable
place to practice; eliminate distractions).

After completing the post-result and post-surgery assess-
ment, a 15-min scripted booster conversation occurred with
study staff. LKM CD use was assessed, obstacles related to
practice were discussed (e.g., forgetting to practice, com-
plaints of discomfort), and suggestions for overcoming obsta-
cles were provided (e.g., using daily reminders, listening to
shorter tracks).

Music Participants were provided with a brief rationale of the
benefits of music during biopsy and picked a musical genre
(i.e., classical music, jazz, world music, nature sounds).
During biopsy, participants used headphones/earbuds to listen
to the music audio file.

Following biopsy, participants took home a music CD of
their selected genre. Participants were encouraged to listen to

the music for up to 20min at least once per day. A rationale for
use was reviewed with participants (e.g., listening to music
could help them relax and cope with discomfort/distress
post-biopsy), referencing research that music can decrease
pain and distress [26]. Suggestions for finding a quiet, com-
fortable place to listen to music were provided. A booster
phone call occurred, as described above for LKM.

Usual care Participants received supportive dialogue from the
biopsy team during biopsy, the usual care in clinic. Supportive
dialogue included questions and distractive dialogue (e.g.,
Bhow are you feeling?^, Bwhere do you live?^).

Measures

Anxiety was assessed using the State Anxiety Scale of the
State-Trait Anxiety Inventory (STAI) [27]. Items were
summed, creating a total score (α = 0.94).

Body pain was assessed using the 4-item Brief Pain
Inventory (BPI) pain intensity scale [28] that assesses pain
Bat its worst in the last week,^ Bat its least in the last week,^
Bon average,^ and Bright now^ (0 = no pain, 10 = pain as bad
as you can imagine). Scores were averaged for an overall pain
intensity score (α = 0.88).

Breast pain was assessed pre-biopsy using two items
adapted from the BPI [28]. The scale measured average breast
pain intensity in the past month and currently on a 0–10 Likert
scale. The items were averaged, creating an overall breast pain
score (α = 0.89). Breast pain was assessed post-biopsy, post-
result, and post-surgery using a two-item scale adapted from
the BPI (i.e., average breast pain intensity since receipt of

Fig. 1 Study flow
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biopsy result/surgery and right now; 0–10 scale). These items
were averaged, creating an overall continuing breast pain
score (α = 0.70).

Fatiguewas assessed using the FACIT Fatigue scale which
measures fatigue over the past 7 days [29]. Items were
summed, creating a total score (α = 0.91).

Physiologic reactivity was measured via BP and HR. BP
measurements (systolic/diastolic) andHRwere obtained using
an automated inflation blood pressure cuff. Follow-up BP and
HR assessments were obtained from electronic health records.

Self-compassion was measured using the Self-Compassion
Scale-Short Form (SCS-SF) [30]. Scores on the subscales
were averaged, producing an overall self-compassion score
(α = 0.88).

Intervention practice was assessed using a two-item self-
report measure, evaluating the frequencies with which patients
(1) formally (i.e., listening to CDs) or (2) informally (e.g.,
repeating LKM phrases to oneself without the CD; listening
to any music to relax) practiced the LKM or music interven-
tion since biopsy/surgery.

Demographic and medical variables were obtained from a
background information form and electronic medical records.

Feasibility was measured by participant accrual (at least a
60% participation rate), attrition (at least 80% of consented
participants completing the study protocol), and adherence
(proportion of participants successfully completing all assess-
ments, with at least 75% completion rates serving as a
benchmark).

Statistical analysis

Descriptive statistics were computed. Chi-square tests and
analysis of variance were used to test for baseline differences
across groups.

Study aims were tested with multilevel modeling (MLM)
in SPSS 20.0. Intention-to-treat analyses were employed [31].
This method can be used for correlated data (e.g., repeated
measures collected from an individual) and uses all repeated
data allowing for randomly missing data points within a par-
ticipant. There was limited missing data in this study. Across
all assessments, only 10 assessments weremissing—4%miss-
ing data. There were no differences in percentage of missing
data across conditions. As this was a pilot study, post hoc
comparisons between treatment conditions and simple slope
analyses were conducted if the omnibus test for the treatment
effect was significant (p < .05) or the pattern of data suggested
a trend (p < 0.20). Simple slope analyses were conducted to
examine whether the rate of change within each treatment
condition differed from zero. As recommended, 95% confi-
dence intervals are provided for estimates of slope [32].

In all MLM models, time was coded so that the intercept
reflected the outcome variable at its first assessment. Each
model included fixed effects for initial status (intercept),

time, treatment condition, the effect of treatment condition
on rate of change (treatment condition X time interactions),
and covariates. All models included a random effect for the
intercept. A random effect for time was included unless the
model was not able to converge. Random effects for time
were included for fatigue and self-compassion.

To examine whether intervention practice might have
influenced significant findings, multilevel models in-
cluding an intervention practice variable were conducted
in the LKM and music conditions. A practice variable
was calculated by averaging the amount of formal and
informal LKM or music practice engaged in since biop-
sy/surgery. Each model included fixed effects for initial
status (intercept), time, and average practice. Random
effects for time were included as described.

Several of the outcome variables were identified as
having non-normal distributions (skew > 2). We reran
the models after transforming the outcome variables
using a log transformation and results were unchanged.
As interpretation of outcomes is difficult with trans-
formed variables, results from the models with the orig-
inal variables are presented.

Results

Descriptive statistics and baseline treatment
condition comparability

Table 1 displays participant characteristics. There were no
statistically significant differences at baseline among the treat-
ment conditions on demographic, medical, or surgical factors,
except for surgical history (x2(2) = 6.38, p = 0.04).
Participants in the music condition were more likely to have
a history of breast cancer surgery compared to participants in
LKM or UC. Thus, surgical history was included as a control
variable in all analyses.

Table 2 displays means and standard deviations of outcome
measures for each condition by assessment period.

Feasibility

Among eligible patients approached for the study (N =
203), 138 consented to participate prior to biopsy (68%
participation accrual rate). Among consented patients
who received an abnormal biopsy result and subsequent-
ly underwent surgery (N = 56), five patients were lost-to-
follow-up after biopsy and did not complete the study
protocol (91% retention). Adherence to assessments
was 96%. Across all assessments, 10 assessments were
not completed.
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Treatment outcomes

Table 3 displays fixed effects for multilevel models ex-
amining whether the LKM condition differed from music
or UC in improving primary outcome variables. In these
models, the intercept indicates the value of the outcome
variable at initial assessment in the LKM condition. The
time effect represents the rate of change in the outcome
variable in the LKM condition. The main effects for mu-
sic and UC are the difference between the initial value of
the outcome variable in music and UC compared to
LKM. The treatment condition × time interaction terms
represent the difference between the rate of change in
music and UC compared to LKM. Simple slope analyses
examined whether the slope (i.e., rate of change) within
each treatment condition differed significantly from zero.

Anxiety For state anxiety, the ominibus test for intervention
condition was F(2,144) = 2.11, p = 0.13. For this pilot
study, pairwise comparisons were conducted. When

comparing the LKM and UC conditions, the treatment ×
time interaction was significant (p = 0.046), indicating that
UC showed greater increases in anxiety over time com-
pared to LKM. LKM and music did not differ significantly
over time (p = 0.21). Treatment × time interactions for mu-
sic and UC were not significant (p = 0.52). Simple slope
analyses showed that anxiety significantly decreased over
time in LKM (B = − 4.05, SE = 0.87, t = − 4.65, p < 0.001,
95% CI = − 5.77, − 2.33) and music (B = − 2.28, SE = 1.06,
t = − 2.15, p = 0.03, 95% CI = − 4.37, −0.19) but not in UC
(p = 0.16).

Body and breast pain For body pain, the overall treatment ×
time interaction was significant [F(2,83) = 3.56, p = 0.03].
When comparing both LKM and music conditions to UC,
treatment × time interactions were significant (p = 0.02;
p = 0.04, respectively), indicating that UC showed greater
increases in body pain over time compared to LKM and
music. Simple slope analyses showed that body pain sig-
nificantly increased over time in UC (B = 0.48, SE = 0.24,

Table 1 Sample characteristics

Characteristic Lovingkindness meditation
intervention group (N = 23)

Music intervention group
(N = 16)

Usual care control
group (N = 17)

Age, mean (SD) 57.61 (11.87) 57.31 (7.53) 52.35 (13.03)

Race

White 19 (49%) 11 (28%) 9 (23%)

African American 3 (25%) 4 (33%) 5 (42%)

Asian 2 (100%)

Married 12 (38%) 10 (31%) 10 (31%)

Years of education 15.62 (3.02) 15.93 (2.34) 15.27 (3.75)

Comorbid history 1.55 (1.37) 1.87 (1.6) 1.29 (1.76)

History of anxiety/depression 6 (60%) 2 (20%) 2 (20%)

First-degree relative with breast cancer 6 (50%) 5 (42%) 1 (8%)

Cancer diagnosis prior to biopsy 3 (27%) 5 (46%) 3 (27%)

Breast biopsy history 17 (40%) 13 (30%) 13 (30%)

Biopsy type

Ultrasound 14 (37%) 11 (29%) 13 (34%)

Stereotactic 9 (50%) 5 (28%) 4 (22%)

Breast surgery history* 4 (21%) 9 (47%) 6 (32%)

Surgery type

Excisional biopsy/lumpectomy 13 (36%) 10 (28%) 13 (36%)

Mastectomy with/out Reconstruction 10 (50%) 6 (30%) 4 (20%)

Bilateral surgery 3 (60%) 2 (40%)

Additional surgeries for positive margins 3 (43%) 2 (29%) 2 (29%)

Lymph node/axillary node surgical dissection 15 (46%) 9 (27%) 9 (27%)

Neoadjuvant chemotherapy 4 (31%) 6 (46%) 3 (23%)

Values are mean/standard deviation or number of patients (%).*P< 0.05
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t = 2.03, p = 0.046, 95% CI = 0.01, 0.95) but not in LKM
(p = 0.16) or music (p = 0.35). LKM and music did not
differ significantly over time (p = 0.99). The overall treat-
ment × time interactions were not significant for breast
pain [F(2,46) = 0.26, p = 0.77], suggesting no differences
between groups.

Fatigue The overall treatment × time interaction was not sig-
nificant for fatigue [F(2,59) = 0.45, p = 0.64], suggesting no
differences between groups.

Physiologic reactivity The overall treatment × time interaction
was significant for HR [F(2,40) = 3.68, p = 0.03]. When

Table 2 Descriptive statistics for outcome measures at pre-biopsy, post-biopsy, post-result, and post-surgery assessments by treatment condition

Characteristic Possible score range Lovingkindness meditation
intervention group M (SD)

Music intervention
group M (SD)

Usual care control
group M (SD)

Anxiety 20–80

Pre-biopsy 41.72 (11.35) 47.26 (17.35) 43.82 (12.3)

Post-biopsy 37.84 (9.3) 43.01 (13.89) 39.71 (11.82)

Post-result 37.80 (10.32) 33.18 (11.37) 38.81 (11.11)

Post-surgery 31.66 (9.74) 37.94 (13.99) 36.63 (9.71)

Body pain 0–10

Pre-biopsy 1.81 (2.05) 1.87 (2.56) 1.29 (1.44)

Post-result 1.58 (1.42) 1.18 (1.42) 0.70 (0.84)

Post-surgery 1.84 (1.17) 2.60 (1.84) 2.33 (1.88)

Breast pain 0–10

Pre-biopsy 0.45 (0.87) 1.09 (1.97) 0.68 (1.17)

Post- biopsy 0.77 (1.23) 1.53 (2.23) 0.35 (0.60)

Post-result 1.31 (1.34) 1.41 (1.14) 0.47 (0.76)

Post-surgery 1.94 (1.28) 2.38 (1.57) 2.47 (2.08)

Fatigue 0–52

Pre-biopsy 11.73 (8.14) 11.84 (9.82) 12.12 (9.84)

Post-result 13.50 (11.89) 11.45 (9.18) 10.75 (8.87)

Post-surgery 13.79 (8.58) 17.46 (11.53) 15.44 (10.35)

Diastolic BP 55–96

Pre-biopsy 87.30 (15.09) 83.13 (9.87) 77.88 (14.93)

Post-biopsy 84.73 (12.38) 83.64 (14.39) 81.53 (6.97)

Post-result 77.05 (10.88) 74.40 (9.23) 73.06 (9.20)

Post-surgery 80.41 (8.75) 81.62 (7.30) 76.13 (6.82)

Systolic BP 96–179

Pre-biopsy 142.04 (16.47) 133.33 (21.61) 130.06 (17.69)

Post-biopsy 149.91 (18.63) 138.79 (18.21) 136.41 (20.31)

Post-result 140.55 (16.26) 135.07 (16.26) 127.13 (22.33)

Post-surgery 134.24 (16.58) 132.62 (18.83) 122.20 (19.68)

Heart rate 46–116

Pre-biopsy 76.57 (13.86) 79.07 (10.78) 74.06 (9.94)

Post-biopsy 74.09 (15.12) 77.21 (11.99) 73.88 (12.96)

Post-result 76.65 (13.43) 82.67 (12.57) 77.56 (11.66)

Post-surgery 75.59 (14.01) 87.31 (9.19) 83.20 (11.82)

Self-compassion 1–5

Pre-biopsy 3.27 (0.79) 3.78 (0.76) 3.35 (0.84)

Post-biopsy 3.36 (0.78) 3.59 (0.70) 3.50 (0.70)

Post-result 3.44 (0.83) 3.93 (0.76) 3.63 (0.72)

Post-surgery 3.78 (0.75) 3.65 (0.96) 3.60 (0.81)

For all measures, higher scores indicate higher levels (e.g., more pain, more anxiety, more self-compassion)
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comparing LKM to music and UC conditions, the treatment ×
time interactions were significant (p < 0.05). There were no
significant group differences betweenmusic andUC over time
(p = 0.84). Simple slope analyses demonstrated that HR sig-
nificantly increased over time in music (B = 3.84, SE = 1.31,
t = 2.94, p = 0.01, 95% CI = 1.21, 6.48) and UC (B = 2.91,
SE = 1.17, t = 2.48, p = 0.02, 95% CI = 0.53, 5.28) and did
not change over time in LKM (p = 0.71).

The overall treatment × time interaction was not significant
for diastolic BP [F(2,144) = 0.74, p = 0.48] or systolic BP
[F(2,46) = 0.39, p = 0.68], suggesting no differences between
groups.

Self-compassion The overall treatment × time interaction was
significant for self-compassion [F(2,41) = 4.51, p = 0.02].
When comparing the LKM to music condition, the treatment

Table 3 Fixed effects for multilevel models examining the effects of lovingkindness meditation compared to music and usual care on treatment
outcome variables

Outcome Fixed effect B SE t P 95% CI

Anxiety Intercept 46.32 1.98 23.43 < 0.001 42.40, 50.24
Time − 4.05 0.87 − 4.65 < 0.001 − 5.77, − 2.33
Music − 3.11 3.04 − 1.03 0.31 − 9.14, 2.90
UC − 6.44 2.92 − 2.20 0.03 − 12.22, − 0.65
Music × time 1.77 1.40 1.27 0.21 − 0.99, 4.53
UC × time 2.69 1.33 2.02 0.05 0.05, 5.33

Body pain Intercept 1.83 0.44 4.17 < 0.001 0.96, 2.71
Time − 0.21 0.15 − 1.46 0.15 − 0.50, 0.08
Music 0.05 0.64 0.08 0.94 − 1.23, 1.33
UC − 0.82 0.59 − 1.37 0.17 − 2.00, 0.37
Music × time − 0.001 0.24 − 0.002 0.99 − 0.47, 0.47
UC × time 0.45 0.21 2.10 0.04 0.02, 0.88

Breast pain Intercept 0.33 0.32 1.02 0.31 − 0.32, 0.96
Time 0.49 0.13 3.64 0.001 0.22, 0.76
Music 0.80 0.51 1.56 0.13 − 0.23, 1.83
UC − 0.11 0.49 − 0.22 0.83 − 1.10, 0.88
Music × time − 0.09 0.21 − 0.42 0.68 − 0.52, 0.34
UC × time 0.07 0.20 0.32 0.75 − 0.34, 0.48

Fatigue Intercept 12.05 2.31 5.21 < 0.001 7.40, 16.70
Time 0.37 0.69 0.54 0.59 − 1.01, 1.75
Music − 2.89 3.51 − 0.82 0.42 − 9.95, 4.17
UC − 3.82 3.24 − 1.18 0.24 − 10.33, 2.70
Music × time 0.63 1.12 0.56 0.58 − 1.61, 2.86
UC × time 0.69 1.04 0.67 0.51 − 1.39, 2.77

Diastolic blood pressure Intercept 86.01 2.44 35.26 < 0.001 81.16, 90.86
Time − 2.89 0.98 − 2.95 0.004 − 4.82, − 0.96
Music − 4.95 3.95 − 1.25 0.21 − 12.80, 2.91

Outcome Fixed effect B SE t P 95% CI
UC − 8.05 3.70 − 2.18 0.03 − 15.39, − 0.71
Music × time 1.19 1.56 0.76 0.45 − 1.89, 4.27
UC × time 1.77 1.49 1.19 0.24 − 1.17, 4.71

Systolic blood pressure Intercept 144.79 3.67 39.42 < 0.001 137.40, 152.19
Time − 2.40 1.57 − 1.53 0.13 − 5.57, 0.76
Music − 6.85 6.04 − 1.13 0.26 − 19.00, 5.31
UC − 5.56 5.69 − 0.98 0.33 − 17.02, 5.90
Music × time 0.81 2.52 0.32 0.75 − 4.26, 5.87
UC × time − 1.40 2.40 − 0.58 0.56 − 6.24, 3.44

Heart rate Intercept 78.15 2.84 27.47 < 0.001 72.42, 83.87
Time − 0.40 1.06 − 0.38 0.71 − 2.55, 1.74
Music − 1.41 4.59 − 0.31 0.76 − 10.65, 7.82
UC − 6.31 4.33 − 1.46 0.15 − 15.04, 2.42
Music × time 4.24 1.70 2.50 0.02 0.81, 7.68
UC × time 3.31 1.61 2.05 0.05 0.05, 6.57

Self-compassion Intercept 3.40 0.16 21.62 < 0.001 3.08, 3.71
Time 0.16 0.05 3.59 0.001 0.07, 0.25
Music 0.46 0.24 1.96 0.06 − 0.02, 0.94
UC 0.32 0.22 1.45 0.16 − 0.13, 0.76
Music × time − 0.22 0.07 − 3.00 0.004 − 0.36, − 0.07
UC × time − 0.09 0.07 − 1.35 0.18 − 0.23, 0.05

CI, confidence interval; all models controlled for surgical history; random effects for intercept were included in all models; random effects for time were
included for fatigue and self-compassion
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× time interaction was significant (p = 0.004), indicating that
music showed greater reductions in self-compassion over time
compared to LKM. LKM and UC did not differ significantly
over time (p = 0.18). Treatment × time interactions for music
and UC were not significant (p = 0.10). Simple slope analyses
demonstrated that self-compassion significantly increased
over time in LKM (B = 0.16, SE = 0.05, t = 3.59, p = 0.001,
95% CI = 0.07, 0.25) but not in music (p = 0.33) or UC (p =
0.18).

Relationship between intervention practice
and outcomes

Analyses were conducted to examine the relationship between
intervention practice and outcome variables within LKM and
music conditions. In LKM, the practice × time interaction was
significant for anxiety (p = 0.004) and HR (p = 0.03), indicat-
ing that practicing LKM led to reductions in anxiety and heart
rate over time. There were no significant effects in multilevel
models in music, indicating no practice effects for the music
group.

Conclusions

To our knowledge, this is the first randomized con-
trolled pilot study to investigate the efficacy of a
LKM intervention for patients undergoing biopsy and
breast cancer surgery. Results offer preliminary evidence
that a brief LKM intervention is feasible, can improve
negative physical symptoms, and can support positive
adjustment during the diagnostic and surgical period of
breast cancer. Findings also suggest that LKM may im-
pact anxiety during this timeframe. The music interven-
tion demonstrated positive effects on pain but did not
improve positive adjustment.

One key finding of this study was that body pain remained
stable in the LKM and music interventions, while it increased
among patients in the UC condition. This is noteworthy as
patients were exposed to several procedures that could in-
crease pain (e.g., breast biopsy, axillary lymph node dissec-
tion, surgery). Past research indicates that increased pain
levels are common among breast cancer patients in the surgi-
cal period (up to 50% post-surgery), and are associated with
negative outcomes post-surgery (e.g., increased medication,
delayed discharge, persistent pain) [33, 34]. Additionally, the
development of persistent pain can lead to changes in neural
plasticity [35], which can affect how pain is processed (e.g.,
increase pain response via central sensitization). Thus, the fact
that participants were able to maintain stable levels of pain
during the diagnostic and surgical period suggests that LKM
and music protocols may protect women from a range of

distressing symptoms and neuropsychological changes post-
surgery.

It is surprising that LKM had no effect on breast pain com-
pared to the music and UC conditions, given that breast pain is
a component of body pain and would be expected to behave
similarly. The body pain questionnaire was potentially a more
valid measure of pain related to breast procedures compared to
the two-item breast pain measure, as patients often experience
pain in multiple body regions surrounding the breast (e.g.,
armpit, chest wall).

Another interesting finding was the trend suggesting that
LKM could reduce anxiety, by approximately four points per
assessment. A similar pattern was observed in the music con-
dition but only by two points per assessment. For pilot studies,
examining estimated effects (e.g., simple slopes with CI) for
outcomes of interest is often recommended, as these results
can provide valuable information about the pattern of data
[32]. These results are promising and highlight the need for
additional larger studies with greater power.

The LKM intervention led to improvements in positive
psychological and physiological adjustment. Specifically, pa-
tients in the LKM intervention demonstrated increased self-
compassion over time compared to the music condition.
Developing self-compassion (i.e., qualities of self-kindness,
common humanity, mindfulness [36]) could provide patients
with useful emotion regulation strategies when experiencing
distressing symptoms related to diagnosis and treatment. Self-
compassion may play a protective role for patients during the
breast cancer diagnostic and surgical period, and a larger RCT
should explore whether self-compassion is a psychological
resource that might mediate LKM treatment effects.

Patients in the LKM intervention showed no change in HR
over time compared to increased HR among patients in the
music and UC conditions. This finding suggests that the LKM
protocol might have positively affected participants’ physio-
logical activity. Research should further evaluate the effect of
LKM on physiological outcomes during the diagnostic and
surgical period by assessing variables such as HR variability
and cortisol.

Interestingly, patients who practiced formal and informal
LKM regularly were more likely to have significant reduc-
tions in anxiety and HR over time. There were no practice
effects for the music condition. Future studies should test be-
havior technology (e.g., text messages) to encourage regular
practice to better understand intervention dose and practice
effects.

This study had several limitations. First, the sample
included participants who experienced a range of surgi-
cal procedures (e.g., excisional biopsy, lumpectomy,
mastectomy) and treatment regimens (e.g., immediate
surgery, neoadjuvant chemotherapy before surgery).
Second, the small sample size and inclusion of patients
who were well-educated (61% had a college degree or
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higher) raise generalizability concerns, suggesting the
need to replicate this study in community hospitals serv-
ing a broader population. Third, this study was not
blinded. While this possibly impacted staff interactions
and patients’ engagement with interventions, our study
staff were extensively trained to follow standardized
protocols with participants. Future work should employ
blinding protocols to the greatest possible extent. Lastly,
larger studies are needed to further evaluate the impact
of LKM and music protocols on key outcomes.

In summary, this randomized controlled pilot study offers
preliminary evidence that LKM can improve discomfort and
distress during the diagnostic and surgical period of breast
cancer, while also supporting positive physiological and psy-
chological adjustment. These findings have important clinical
implications, suggesting that a LKM protocol delivered at
biopsy can lead to significant physical and psychological
health benefits and be easily implemented in clinical settings.
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