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Abstract Background: Arthralgia is a common and debilitating side-effect experienced by
breast cancer patients receiving aromatase inhibitors (AIs) and often results in premature drug
discontinuation.
Methods: We conducted a randomised controlled trial of electro-acupuncture (EA) as com-
pared to waitlist control (WLC) and sham acupuncture (SA) in postmenopausal women with
breast cancer who self-reported arthralgia attributable to AIs. Acupuncturists performed 10
EA/SA treatments over 8 weeks using a manualised protocol with 2 Hz electro-stimulation
delivered by a TENS unit. Acupuncturists administered SA using Streitberger (non-penetrat-
ing) needles at non-traditional acupuncture points without electro-stimulation. The primary
end-point was pain severity by Brief Pain Inventory (BPI) between EA and WLC at Week
8; durability of response at Week 12 and comparison of EA to SA were secondary aims.
Findings: Of the 67 randomly assigned patients, mean reduction in pain severity was greater in
the EA group than in the WLC group at Week 8 (�2.2 versus �0.2, p = 0.0004) and at Week
12 (�2.4 versus �0.2, p < 0.0001). Pain-related interference measured by BPI also improved in
the EA group compared to the WLC group at both Week 8 (�2.0 versus 0.2, p = 0.0006) and
Week 12 (�2.1 versus �0.1, p = 0.0034). SA produced a magnitude of change in pain severity
and pain-related interference at Week 8 (�2.3, �1.5 respectively) and Week 12 (�1.7, �1.3
respectively) similar to that of EA. Participants in both EA and SA groups reported few minor
adverse events.
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Interpretations: Compared to usual care, EA produced clinically important and durable
improvement in arthralgia related to AIs in breast cancer patients, and SA had a similar effect.
Both EA and SA were safe.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Arthralgia, or joint pain, is a debilitating side-effect
of aromatase inhibitors (AIs) among postmenopausal
women with hormone receptor positive breast cancer
taking these drugs [1]. Nearly half of AI-users in the
clinical setting report arthralgia attributable to AIs
[2]. Arthralgia ranks as the top symptom associated
with AIs discussed in online breast cancer-specific mes-
sage boards [3] and often results in poor adherence, or
discontinuation [4]. Premature discontinuation nega-
tively impacts disease free and overall breast cancer
survival [5].

There is emerging evidence [6] and acceptance [7] for
acupuncture, a practice in Traditional Chinese Medi-
cine, as a component of pain management. Many breast
cancer patients desire the integration of acupuncture
into their conventional cancer care [8] and 60% of
National Cancer Institute designated comprehensive
cancer centres in the United States (U.S.) recommend
acupuncture as an approach for patient symptom man-
agement [9]. Despite growing interest from patients and
cancer centres, rigorous research is needed to guide its
evidence-based integration into cancer care to improve
patient outcomes.

A few studies have suggested that acupuncture may
be safe and effective for managing AI-related arthralgia
[10–12]. However, lack of controls, small sample sizes
and high drop-out levels in intervention arms limit
the interpretation of these results. Additionally, lack
of comparison with usual care makes it difficult to
evaluate the clinical relevance of the overall effect of
acupuncture for this condition. To more definitively
test the clinical effect of acupuncture, we conducted a
Phase-II randomised controlled trial (RCT) to evaluate
the short term effects and safety of electro-acupuncture
(EA) for AI-related arthralgia compared to usual care.
We chose EA because animal research has demon-
strated its clear physiological effect on the endogenous
opioid system (enkaphalin, beta-endorphin and endo-
morphin) and pain reduction [13]. Our primary
hypothesis was that patients receiving EA would have
a greater reduction in arthralgia and improved function
at Week 8 compared to the Waitlist Control (WLC)
‘usual care’ group. As secondary aims, we evaluated
the durability of response with a repeated measure at
Week 12 and evaluated the magnitude of response to
sham acupuncture (SA) to inform the design of a
future Phase-III trial.

2. Methods

2.1. Study participants

We conducted a three arm RCT (EA, SA and WLC)
from September 2009 through May 2012 at the Abram-
son Cancer Center of the Hospital of the University of
Pennsylvania, a tertiary care academic medical centre
in Philadelphia. The institutional review board of the
University of Pennsylvania approved the study protocol.
Eligible patients were women with a history of early
stage breast cancer (stages I–III) who were currently
receiving an aromatase inhibitor (Anastrozole, Letroz-
ole or Exemestane), had joint pain that they attributed
to their AI for at least three months, reported a worst
pain rating of at least four or greater on an 11 point
(0–10) numerical rating scale in the preceding week,
reported at least 15 days with pain in the preceding
30 days and signed the informed consent. We excluded
individuals who had metastatic (stage IV) breast cancer
or who had a history of a bleeding disorder.

2.2. Study design

Participants were randomly assigned to treatment
groups using computer-generated numbers sealed in
opaque envelopes. The research coordinator first opened
the envelope to inform the subject whether she was ran-
domised to the acupuncture or WLC group. Changing
block sizes of three or six were used to ensure a two to
one acupuncture versus WLC allocation. Subsequently
for the acupuncture group, the treating acupuncturist
opened a second envelope using computer-generated
numbers at the first acupuncture visit to determine if
the subject was to receive EA or SA. All participants
were educated on joint pain, staying physically active
and continuing with current medical treatments (includ-
ing prescription and over-the-counter pain medications)
as usual. Patients in the WLC were told that they could
receive 10 real acupuncture treatments after follow-up.
To minimise potential reporting bias, WLC patients
were informed that if their arthralgia improved during
the waiting period, they could still receive acupuncture
for other reasons (e.g. relaxation).

2.3. Electro-acupuncture

Two licensed non-physician acupuncturists with 8
and 20 years of experience, respectively, administered
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interventions twice a week for 2 weeks, then weekly for
six more weeks, for a total of 10 treatments over
8 weeks. Informed by our prior feasibility trial [11], we
developed a manualised protocol (see Appendix) based
on the Traditional Chinese Medicine theory that regards
joint pain as part of the Bi Syndrome [14,15]. The acu-
puncturist chose at least four local points around the
joint with the most pain. Additionally, at least four dis-
tant points were used to address constitutional symp-
toms such as depression/anxiety and fatigue that are
commonly seen in conjunction with pain. The needles
(30 mm or 40 mm and 0.25 mm gauge, Seirin-America
Inc., Weymouth, MA) were inserted until ‘De Qi’ (sen-
sation of soreness, tingling, etc.) was reported by
patients [16]. Two pairs of electrodes were connected
at the needles adjacent to the painful joint(s) with two
hertz electro-stimulation provided by a TENS unit.
The decision to use low frequency electro-stimulation
was based on our experience with the prior trial [11]
and basic research suggesting electro-acupuncture at a
low frequency can stimulate the brain to release specific
endogenous opioid peptides [13]. The needles were left in
place for 30 min with brief manipulation at the begin-
ning and the end of therapy.

2.4. Sham acupuncture

The treatment frequency and duration were the same
for SA except: (1) We used Streitberger needles, which
acted like a stage dagger with the shaft of the needle
retracting into the handle, creating a shortened appear-
ance to lead patients to believe that needles were inserted
into the skin [17]; (2) The acupuncturist selected between
eight and 12 non-acupuncture, non-trigger points at
least 5 cm from the joint where pain was perceived to
be maximal; (3) Instead of eliciting ‘De Qi,’ the needles
were minimally manipulated to avoid eliciting sensa-
tions other than the initial contact with skin; and (4)
Instead of adding a small electric current to the needles,
the dial of the TENS unit was turned on to a different
channel, so that the subject could observe the light
blinking without receiving the electricity.

2.5. Outcome measures and follow-up

The primary outcome was the change in pain severity
score as measured by the Brief Pain Inventory (BPI) at
the end of Week 8 of intervention compared to that at
Baseline between the EA and the WLC groups. The
BPI is a patient-reported outcome of pain with demon-
strated reliability, validity and responsiveness to change
among patients with cancer [18]. The numerical rating
scale ranges from 0 to 10, with 10 indicating the greatest
severity or pain-related interference. The pain-related
interference domain of the BPI was used as a secondary
outcome. To test the durability of the intervention, the

BPI was repeated at Week 12, 4 weeks following com-
pletion of the intervention.

The patient’s Global Impression of Change was mea-
sured at Week 8 to define clinical importance from the
patient’s perspective [19]. We also evaluated other sec-
ondary outcomes at Baseline and Week 8 including:
Western Ontario and McMasters Universities Osteoar-
thritis (WOMAC) Index to measure lower extremity
pain, stiffness and function limitations [20] and the
Quick Disability of Arm, Shoulder, Hand (DASH) scale
to measure upper extremity functional limitation [21].
Trained staff blinded to treatment groups also per-
formed the Physical Performance Test (PPT) [22]. The
nine-item PPT is an objective measure of physical func-
tion that includes assessments of both lower and upper
extremity function, as well as balance and endurance.

2.6. Masking

In this trial, the PI, study investigators, patients,
study staff and statistician were all blinded to the treat-
ment assignments between EA and SA with the excep-
tion of the acupuncturists. Throughout the study,
research staff monitored adverse events using a standard
adverse event (AE) case report form at each visit. Indi-
viduals in the WLC group were contacted at the same
frequency by phone by the research staff. Blinding
between EA and SA was evaluated by the credibility rat-
ing at Week 8 [23]. In addition, patients were asked to
guess whether they received EA, SA or were unsure.

2.7. Statistical analysis

We based our sample size calculation on the compar-
ison between EA and WLC of BPI pain severity at Week
8. Per preliminary data [11], the baseline pain severity
score had a mean of 5.3 ± standard deviation (SD) of
1.5, and we assumed EA would improve the score by
1.6 (30%) as compared to the WLC to be clinically
meaningful [24]. In order to have 80% power to detect
this difference using a two-sided significance level of
0.05, we needed 18 subjects in each of the WLC and
EA groups. Assuming a 20% dropout rate, we needed
to recruit 23 subjects per arm to fall within the precision
noted in the sample size calculation. By design, our trial
was not powered to detect significant differences
between EA and SA.

Analysis of variance (ANOVA) or Chi-square test
was used to compare baseline variables among groups.
Because our primary and secondary outcome measures
were repeated measures over time, we assessed differ-
ences of changes from Baseline to Week 8 and Week
12 using mixed-effect models [25]. Time and group were
treated as categorical variables and a random intercept
term was included in the mixed-effect model [26]. Tests
of intention-to-treat differences between intervention
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arms with respect to the change were based on time-
intervention interactions in the mixed-effect models.
Results are presented as between-group differences with
95% confidence intervals. All statistical tests were two-
sided. Statistical significance was set at the <0.05 level.

3. Results

Between September 2009 and May 2012, we screened
159 patients. Of the 76 patients who qualified for base-
line evaluation, nine were further excluded (seven had
patient-reported pain level lower than inclusion criteria,
one had severe pain unrelated to AIs and another did
not want to participate), and the 67 eligible participants
were randomly assigned to EA, SA or WLC. Among
participants, 21 (95.4%) in the EA group and 20
(90.5%) in the SA group received all 10 treatments. Four
(6%) and eight (12%) patients were lost to follow-up
before Week 8 and 12, respectively (Fig. 1).

3.1. Baseline characteristics of the patients

Table 1 shows baseline data for the 67 participants.
The mean age of the women enroled was 59.7 years,
(range 41–76), and 48 (71.6%) were White, while 16
(23.9%) were Black. Forty-four patients (66%) were
receiving anastrozole at the time of randomisation,
and, on average, participants had been on an AI for
25.9 (range 3–56) months. The mean BPI pain severity
score was 4.9 and pain-related interference score was
3.7. Baseline characteristics were well balanced and
not significantly different among the three groups.

3.2. Study outcomes

Table 2 shows changes in all primary (Fig. 2) and sec-
ondary outcomes (Fig. 3) at Week 8 and Week 12 com-
pared to Baseline among three treatment groups.

At Week 8, the EA group had a statistically signifi-
cant greater decrease in the BPI severity score than did
the WLC group �2.2 points (95% confidence interval
[CI], �3.2 to �1.2) versus �0.2 points (95% CI, �0.9
to 0.5), and the mean between-group difference was
�1.9 points (95% CI, �3.1 to �0.8, p = 0.0004, Cohen’s
d = 0.76). The EA group also had a statistically signifi-
cant greater reduction in pain-related interference score
than the WLC group �2.0 points (95% CI, �3.2 to
�0.8) versus 0.2 points (95% CI, �0.6 to 0.9), and the
mean between-group difference was �2.2 points (95%
CI, �3.5 to �0.8, p = 0.0006, Cohen’s d = 1.04). Com-
pared to Baseline, EA produced a 43.1% reduction in
pain severity and a 52.6% reduction in pain-related
interference over the Week 8 intervention period. Based
on Patient Global Impression of Change, more patients
in the EA than WLC group reported arthralgia being

‘much improved’ or ‘very much improved’ (57.1% versus
4.6%, p < 0.001).

Compared to the WLC, the EA group also had a sta-
tistically significant greater improvement in lower
extremity outcomes as measured by the WOMAC index:
�78.9 points (95% CI, �124.7 to �33.0, p = 0.0009,
Cohen’s d = 0.99) for pain; �42.5 points (95% CI,
�69.7 to �15.4, p = 0.0014, Cohen’s d = 0.94) for stiff-
ness, and �262.9 points (95% CI, �422.6 to �103.3,
p = 0.0005, Cohen’s d = 1.00) for function. The EA
group also had a statistically significant greater
improvement in the upper extremity disability score as
measured by the Quick-DASH (�11.8 points, 95% CI,
�20.8 to �2.7, p = 0.005, Cohen’s d = 0.58). The EA
group had non-significant improvement in the observed
PPT score as compared to WLC (1.8 points, 95% CI,
�0.1 to 3.6, p = 0.061, Cohen’s d = 0.61).

At Week 12, 4 weeks beyond the end of treatment,
the EA group continued to have a significant reduction
in both pain severity (p < 0.0001) and pain-related inter-
ference (p = 0.0034) compared to the WLC group.

The SA group also showed a statistically significant
greater decrease in the BPI severity score compared to
the WLC group at both Week 8 (p < 0.001) and Week
12 (p = 0.0036). EA and SA showed no statistical differ-
ence in all study outcomes at Week 8. At Week 12, EA
had non-significant improvement as compared to SA in
BPI severity (�0.66, p = 0.22) and BPI interference
(�0.80, p = 0.34).

3.3. Adverse effects

Despite needle placement in the same arm as breast
cancer surgery, no case of infection, no reports of
development or worsening of lymphedema occurred
in either EA or SA groups. Eighteen related adverse
events (AEs) were reported by eight subjects in the
EA or SA groups during 398 intervention episodes.
These AEs were mild in severity and spontaneously
resolved without additional medical interventions.
The EA group had more adverse events reported than
the SA group (16 versus 4). A major category of AEs
reported in the EA group was related to the ‘De Qi’
sensation (N = 6 such as tingling, numbness during
the acupuncture process). Both EA and SA groups
had similar rates of pain at the needling site (5 and 4
respectively).

3.4. Assessment of blinding between EA and SA

At the end of active intervention, individuals in both
EA and SA considered the interventions credible (4.3
versus 4.0, p = 0.54). The proportion of individuals
who guessed that they received EA versus Not Sure ver-
sus SA were 57.9%, 26.3%, 15.8% for EA group and
27.8%, 33.3%, 38.9% for SA group, p = 0.15.
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4. Discussion

This randomised controlled trial met its primary end-
point, demonstrating that EA produced statistically sig-
nificant and clinically important improvements in pain
severity, pain-related interference and functional out-
comes in both upper and lower extremities when com-
pared to WLC usual care. The effects were observed at
Week 8 when intervention completed, and persisted at
the Week 12 follow-up visit. SA also produced a similar
magnitude of change in pain-related outcomes that were
significantly better than the WLC. Both EA and SA
were safe, without significant adverse events.

To our knowledge, our study is the largest RCT of
acupuncture for AI-related arthralgia to date (N = 67)
compared to two prior studies with sample sizes of 38
[10] and 47 [12]. More importantly, our study is the only
study to date that utilised a ‘usual care’ waitlist control
group. The Cohen’s ds between EA and usual care for
pain severity and interference indicated moderately large
effect sizes that are clinically relevant. Additionally,
compared to the usual care WLC group, 50% of partic-
ipants receiving EA reported joint pain as ‘much
improved’ or better (Number to Treat = 2). Further,
our study is the only study to date that had a 4 week fol-
low-up ‘no-treatment period’ which demonstrated that

159 eligible patients were approached 

83 were excluded 
-44 Due to time/distance 
-17 Didn’t want to try acupuncture 
- 7  Joint pain was tolerable 
- 7  Did not like clinical trial 
- 8  Other reasons 

76 enrolled 

Of the 67 Randomized 

9 were excluded
-7 Had worst pain score <4 
-1 Joint pain not related to AIs 
-1 Did not want to participate 

22 Were assigned to 
Sham Acupuncture

2 Were lost 
to follow-up 

20 Completed the 8-
week evaluation 

1 Was lost 
to follow-up 

19 Completed the 12-
week evaluation 

23 Were assigned to 
Waitlist Control 

1 Was lost 
to follow-up 

22 Completed the 8-
week evaluation 

1 Was lost 
to follow-up 

21 Completed the 12-
week evaluation 

22 Were assigned to 
Real Acupuncture 

1 Was lost 
to follow-up 

21 Completed the 8-
week evaluation 

2 Were lost 
to follow-up 

19 Completed the 12-
week evaluation 

Fig. 1. Screening, randomisation and completion of 8-week and 12-week evaluations.
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Table 1
Baseline characteristics of the study participants.a

Variables EA (N = 22) SA (N = 22) WLC (N = 23)

Age (years) 57.5 ± 10.1 60.9 ± 6.5 60.6 ± 8.2

Race – # of subjects (%)b

White 13 (59) 17 (77) 18 (78)
Non-white 9 (41) 5 (23) 5 (22)

Employment – # of subjects (%)
Employed 14 (64) 12 (55) 12 (52)
Not employed 8 (36) 10 (45) 11 (48)

Education – # of subjects (%)
High school or less 2 (9) 3 (14) 5 (22)
College or above 20 (91) 19 (86) 18 (78)

Body-mass index (lb/inches)c 28.5 ± 4.7 30.0 ± 5.1 30.1 ± 7.6

Menopause – # of subjects (%)
Natural 6 (27) 13 (59) 11 (50)
Surgically induced 9 (41) 6 (27) 7 (32)
Chemically induced 7 (32) 3 (14) 4 (18)
Years since menopause 11.5 ± 11.6 13.5 ± 7.6 13.6 ± 10.9

Stage – # of subjects (%)
Stage I 11 (50) 11 (50) 11 (48)
Stage II 8 (36) 7 (32) 7 (30)
Stage III 3 (14) 4 (18) 5 (22)

Aromatase inhibitors – # of subjects (%)
Anastrozole (Arimidex) 13 (59) 16 (73) 15 (65)
Letrozole (Femara) 4 (18) 4 (18) 4 (17)
Exemestane (Aromasin) 5 (23) 2 (9) 4 (17)

Duration of AI (months) 26.9 ± 17.3 19.5 ± 16.9 31.1 ± 22.1
Duration of joint pain (months) 58.9 ± 88.1 43.4 ± 48.3 62.9 ± 84.0
Adjuvant chemotherapy – # of subjects (%) 10 (45) 12 (54) 16 (69)
Adjuvant taxane – # of subjects (%) 9 (41) 11 (50) 13 (56)

Primary joint treated – # of subjects (%)
Lower extremity 8 (36) 15 (68) 12 (52)
Back/hip 6 (27) 3 (14) 3 (13)
Upper extremity 8 (36) 4 (18) 8 (35)

BPId

Severity 5.1 ± 1.8 4.7 ± 1.7 4.9 ± 1.3
Interference 3.8 ± 2.6 3.4 ± 2.3 3.9 ± 1.7

WOMACe

Pain 186.6 ± 117.3 207.4 ± 85.8 206.8 ± 82.8
Stiffness 105.7 ± 39.3 99.4 ± 43.4 101.1 ± 47.8
Function 603.7 ± 339.7 616.3 ± 324.1 636.6 ± 338.4
Normalised 125.8 ± 54.6 127.2 ± 55.6 129.5 ± 56.0

Quick-DASHf 36.0 ± 19.7 29.3 ± 17.5 35.8 ± 16.3

PPTg 29.1 ± 3.6 28.9 ± 4.6 28.3 ± 5.1

Abbreviations: EA, electro-acupuncture; SA, sham acupuncture; WLC, waitlist control.
a Plus-minus values are means ± standard deviation (SD) unless otherwise noted.
b Race was reported by the subjects.
c The body-mass index is calculated using weight in lbs times 703 divided by height in inches squared.
d The Brief Pain Inventory (BPI) was used to assess the severity of pain and the degree to which pain interferes with common dimensions of

feeling and function. Both BPI severity and interference scores range from 0 to 10, with higher scores indicating more pain and interference.
e The Western Ontario and McMaster Universities (WOMAC) Osteoarthritis index assesses clinically-important symptoms in the areas of pain,

stiffness, and physical function in lower extremities. It has 24 questions and three dimensions. The range of possible subscale scores for the three
dimensions is as follows: pain = 0–500, stiffness = 0–200, physical function = 0–1700, with higher scores indicating more pain, stiffness, and
functional difficulty. A normalised score was calculated by normalising each of the subscale scores on a 0–100 scale and then summate to provide a
single value. The normalised score ranges from 0 to 300.

f Quick Disability of Arm, Shoulder, Hand (Quick-DASH) measures physical function and symptoms of the upper limb. Scores range from 0 to
100, with higher scores indicating more severe symptoms.

g The Physical Performance Test (PPT) measures the physical function of the subjects. Scores range from 0 to 36, with higher scores indicating
better physical function.
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Table 2
Changes in primary and secondary outcomes.a

Variables Mean change from baseline (95% CI) Between-group difference (95% CI)

EA (N = 22) SA (N = 22) WLC (N = 23) EA versus WLC p-Valueb SA versus WLC p-Valueb

Pain severityc

Week 4 �1.7 �1.5 �0.4 �1.3 0.014 �1.1 0.016

(�2.3 to �1.0) (�2.3 to �0.7) (�1.2 to 0.5) (�2.3 to �0.3) (�2.2 to �0.0)
Week 8 �2.2 �2.3 �0.2 �1.9 0.0004 �2.0 <0.0001

(�3.2 to �1.2) (�3.2 to �1.3) (�0.9 to 0.5) (�3.1 to �0.8) (�3.1 to �0.9)
Week 12 �2.4 �1.7 �0.2 �2.3 <0.0001 �1.5 0.0036

(�3.3to �1.5) (�2.6 to �0.8) (�0.8 to 0.5) (�3.4 to �1.1) (�2.7 to �0.4)

Pain-related interferencec

Week 4 �1.3 �1.1 �0.1 �1.3 0.043 �1.1 0.06
(�2.2 to �0.4) (�1.9 to �0.3) (�0.9 to 0.8) (�2.5 to �0.03) (�2.2 to �0.1)

Week 8 �2.0 �1.5 0.2 �2.2 0.0006 �1.7 0.0037

(�3.2 to �0.8) (�2.3 to �0.7) (�0.6 to 0.9) (�3.5 to �0.8) (�2.7 to �0.6)
Week 12 �2.1 �1.3 �0.1 �2.0 0.0034 �1.2 0.049

(�3.2 to �1.1) (�2.2 to �0.4) (�1.2 to 1.0) (�3.5 to �0.6) (�2.6 to 0.2)

WOMACd

Pain

Week 4 �51.5 �35.2 4.1 �55.6 0.020 �39.3 0.064
(�83.7 to �19.3) (�72.4 to 2.0) (�19.6 to 27.8) (�94.6 to �16.5) (�81.4 to 2.9)

Week 8 �78.9 �78.0 0.0 �78.9 0.0009 �78.0 0.001

(�118.7 to �39.0) (�119.6 to �36.3) (�26.3 to 26.3) (�124.7 to �33.0) (�124.2 to �31.7)

Stiffness

Week 4 �11.9 �16.4 6.3 �18.2 0.124 �22.7 0.037

(�31.8 to 8.0) (�35.5 to 2.6) (�8.4 to 20.9) (�42.3 to 6.0) (�45.8 to 0.37)
Week 8 �35.7 �28.3 6.8 �42.5 0.0014 �35.1 0.0086

(�53.2 to �18.2) (�51.7 to �4.9) (�14.9 to 28.5) (�69.7 to �15.4) (�66.0 to �4.2)

Function

Week 4 �130.1 �129.2 �1.8 �128.3 0.089 �127.4 0.062
(�249.3 to �10.8) (�226.4 to �32.0) (�108.3 to 104.7) (�283.6 to 27.1) (�266.9 to 12.0)

Week 8 �255.6 �250.4 7.4 �262.9 0.0005 �257.8 0.0004

(�396.2 to �114.9) (�387.4 to �113.4) (�81.4 to 96.2) (�422.6 to �103.3) (�412.9 to �102.5)

Normalised

Week 4 �23.9 �22.4 3.8 �27.8 0.029 �26.2 0.022

(�41.9 to �5.9) (�42.7 to �2.0) (�11.2 to 18.8) (�50.6 to �4.9) (�50.4 to �1.9)
Week 8 �48.7 �44.4 3.8 �52.6 <0.0001 �48.2 0.0003

(�69.4 to �28.0) (�70.1 to �18.6) (�14.5 to 22.2) (�79.3 to �25.8) (�78.2 to �18.2)

Quick-DASHe

Week 4 �6.1 �4.9 �0.8 �5.3 0.204 �4.1 0.193
(�12.5 to 0.3) (�11.1 to 1.3) (�6.3 to 4.7) (�13.5 to 2.8) (�12.0 to 3.9)

Week 8 �12.5 �11.6 �0.7 �11.8 0.005 �10.9 0.006

(�19.9 to �5.0) (�18.1 to �5.1) (�6.2 to 4.7) (�20.8 to �2.7) (�19.0 to �2.7)

PPTf

Week 8 2.0 1.4 0.2 1.8 0.061 1.2 0.164
(0.5 to 3.5) (0.6 to 2.3) (�0.9 to 1.4) (�0.1 to 3.6) (�0.2 to 2.7)

Bold italics indicate p<0.05.
Abbreviations: EA, electro-acupuncture; SA, sham acupuncture; WLC, waitlist control.

a All values are means, with 95% confidence intervals (CIs).
b p-Values were calculated using the mixed-effects model.
c The Brief Pain Inventory (BPI) was used to assess the severity of pain and the degree to which pain interferes with common dimensions of

feeling and function. Both BPI severity and interference scores range from 0 to 10, with higher scores indicating more pain and interference.
d The Western Ontario and McMaster Universities (WOMAC) Osteoarthritis index assesses clinically-important symptoms in the areas of pain,

stiffness and physical function in lower extremities. It has 24 questions and 3 dimensions. The range of possible subscale scores for the 3 dimensions
is as follows: pain = 0–500, stiffness = 0–200, physical function = 0–1700, with higher scores indicating more pain, stiffness, and functional
difficulty. A normalised score was calculated by normalising each subscale score on a 0–100 scale and then summate to provide a single value. The
normalised scores range from 0 to 300.

e Quick Disability of Arm, Shoulder, Hand (Quick-DASH) measures physical function and symptoms of the upper limb. Scores range from 0 to
100, with higher scores indicating more severe symptoms.

f The Physical Performance Test (PPT) measures the physical function of the subjects. Scores range from 0 to 36, with higher scores indicating
better physical function.
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the effect of EA appears to be durable. This is clinically
important because it suggests that acupuncture may be

effective without requiring continuous use throughout
the five year AI treatment period. Until more definitive
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Fig. 2. Mean change in pain severity and pain-related interference at 8 and 12 weeks from baseline, according to treatment group. Change in Brief
Pain Inventory (BPI) severity and interference scores from baseline are shown for electro-acupuncture (EA), sham acupuncture (SA), and waitlist
control (WLC) groups.
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Fig. 3. Mean changes in secondary outcomes at 8 and 12 weeks from baseline, according to treatment group. Changes in outcome scores from
baseline are shown for electro-acupuncture (EA), sham acupuncture (SA), and waitlist control (WLC) groups.
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and long-term studies are conducted, these results pro-
vide a context for both patients and clinicians to decide
whether acupuncture is an option for them to manage
AI-related arthralgia.

We included a sham acupuncture arm in our study as
an additional control group to determine whether the
therapeutic effect of acupuncture required the compo-
nents of location, ‘De Qi’ and electrical stimulation.
We found that SA produced similar effects to EA in
the short term, consistent with the trial conducted by
Bao et al. [12] but different from the results of Crew
et al. [10]. While the effect of real acupuncture was sim-
ilar in magnitude among all three studies, only the Crew
study failed to find a therapeutic effect of SA. Sham acu-
puncture produced almost no change in pain severity
scores in Crew’s study [10] while in both our study
and that by Bao [12], the sham control appeared to have
produced comparable effects to EA at the end-points of
interest. Our findings are also consistent with acupunc-
ture research performed in non-cancer related musculo-
skeletal pain that shows sham acupuncture has
therapeutic effects in pain reduction [6]. Substantial con-
troversy exists regarding whether sham acupuncture is,
in fact, an active intervention rather than ‘placebo,’
since tactile stimulation with sham device can result in
actual physiologic change that is not inert [27]. Recent
functional brain imaging studies also suggest that sham
acupuncture can produce changes in brain regions that
are an integral part of the pain pathways [28].

While the exact mechanism of action of acupuncture
for AI-related arthralgia is unknown, oestrogen depriva-
tion has been temporally associated with this condition
[29]. It is hypothesised that oestrogen deprivation may
decrease the generation of endogenous opioids, thereby
leading to a lowered pain threshold [30]. A specific com-
ponent of EA analgesia is mediated through endogenous
opioid release in animal research [13]. Using C-carfenta-
nil positron emission tomography imaging, Harris et al.
found that real acupuncture increased mu-opioid recep-
tor (MOR) binding potential in key areas of brain pain
central processing (e.g. cingulate, caudate and amyg-
dale), while SA produced slightly decreased MOR bind-
ing potential, suggesting divergent mechanistic
pathways for real and sham acupuncture [31]. Since
both forms of acupuncture produced similar and clini-
cally meaningful pain reduction, future research incor-
porating functional brain imaging or pain sensitivity
testing may increase our understanding of the potential
mechanism of AI-related arthralgia and acupuncture
effect.

It is important to acknowledge several limitations of
the current study. While our study was powered to
detect a difference between EA and WLC, it was not
powered to detect a statistically significant difference
between EA and SA. Additionally, our follow-up period
may have been too short to see a difference between EA

and SA, as we began to observe a potential separation of
effect between the two groups at Week 12. Finally, as
discussed before, our sham control may not function
as a physiologically inert placebo. Future studies should
therefore incorporate controls that address attention but
do not produce physiological changes associated with
tactile stimulation, such as those produced by needles,
in order to better evaluate the efficacy of acupuncture.

In conclusion, arthralgia remains a major component
of symptom burden in breast cancer survivors receiving
aromatase inhibitors and leads many women to stop AIs
prematurely [4]. Currently, no treatment has been found
to be definitively effective for this condition, and many
oncologists discontinue AIs in order for their patients
to decrease joint pain and regain a sense of quality of
life. Our findings add to the small but growing body
of the literature suggesting that acupuncture may have
clinical benefit for reducing AI-attributable pain and
pain-related interference in function.
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