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Abstract

Objective. Existing pharmacologic approaches for painful diabetic neuropathy (PDN) are limited in efficacy and have
side effects. We examined the feasibility, acceptability, and effects of group acupuncture for PDN. Design and Setting.

We randomized patients with PDN from a public safety net hospital to 1) usual care, 2) usual care plus 12 weeks of
group acupuncture once weekly, or 3) usual care plus 12 weeks of group acupuncture twice weekly. Methods. The pri-
mary outcome was change in weekly pain intensity (daily 0–10 numerical rating scale [NRS] averaged over seven
days) from baseline to week 12. We also assessed health-related quality of life and related symptoms at baseline
and weeks 6, 12, and 18. Results. We enrolled 40 patients with PDN (baseline pain¼ 5.3). Among participants ran-
domized to acupuncture, 92% attended at least one treatment (mean treatments¼ 10.1). We observed no significant
differences between once- vs twice-weekly acupuncture and combined those groups for the main analyses.
Compared with usual care, participants randomized to acupuncture experienced greater decreases in pain
during the 12-week intervention period (between-group differences from baseline ¼ –2.06, 95% confidence interval
[CI] ¼ –3.01 to –1.10), but benefits were not maintained after acupuncture ended (baseline to week 18 ¼ –0.61, 95%
CI ¼ –1.46 to 0.24). Quality of life improved for acupuncture participants (baseline to week 12 difference¼11.79, 95%
CI ¼ 1.92 to 21.66), but group differences were not significant compared with usual care (25.58, 95% CI ¼ –3.90 to
55.06). Conclusions. Group acupuncture is feasible and acceptable among linguistically and racially diverse safety net
patients. Findings suggest clinically relevant reduction in pain from PDN and quality of life improvements associated
with acupuncture, with no differences based on frequency.
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Introduction

Patients with diabetes and painful neuropathy commonly

seek nonpharmacologic treatments [1,2], particularly

when medications are ineffective or have undesired side

effects. Anticonvulsants and tricyclic antidepressants pro-

vide pain relief for 25–50% of patients with painful dia-

betic neuropathy (PDN) but often decrease quality of life

through adverse effects such as dry mouth, drowsiness,

nausea, or urinary problems [3,4]. Two-thirds of patients
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with PDN treated with gabapentin report dizziness, som-

nolence, ataxia, and peripheral edema [5]. At least 20%

of patients with PDN seek relief through opioid medica-

tions [6], which are often prescribed as firstline treatment

[7], although evidence supporting this approach is lack-

ing, whereas adverse effects are well known. The impact

of nonpharmacologic treatments on pain management

and overall quality of life among patients with PDN is

understudied.

Relative to other nonpharmacologic and topical

treatments of PDN symptoms, acupuncture is a prom-

ising noninvasive approach with minimal side effects

[8]. Electro-acupuncture applied to rats with neuropa-

thy resulted in improved nerve conduction velocity and

increased pain threshold and nerve regeneration [9].

Small pilot studies in humans have found that acu-

puncture resulted in significantly improved nerve sen-

sation and nerve conduction [10]; decreased

neuropathic pain [11,12]; improved sleep, mobility,

and mood [13,14]; and reduced use of pain medica-

tions in participants with PDN [14]. A meta-analysis

of randomized controlled trials (RCTs) in China found

that manual acupuncture improved global symptoms

of PDN compared with vitamins B1 and B12 (relative

risk [RR] ¼ 1.55, 95% confidence interval [CI] ¼ 1.33

to 1.80) and compared with no treatment (RR ¼ 1.56,

95% CI ¼ 1.31 to 1.85) [15,16]. Notably, trials con-

ducted in China provided acupuncture at a greater fre-

quency and found more robust effects associated with

acupuncture than US-based studies. However, the

effects of acupuncture frequency have not been for-

mally tested.

Use of acupuncture in the United States has increased,

primarily among non-Hispanic whites and those with

higher education levels [17]. Racial/ethnic minorities and

low-income populations, who are at greatest risk of dia-

betes and its related complications [18,19], often lack ac-

cess to acupuncture because of financial and insurance

barriers [17]. Group acupuncture—a delivery model

where multiple patients simultaneously receive treatment

in a common space, seated in chairs or recliners—lowers

costs and improves availability [20,21], without

compromising patient perceptions of quality of care [22].

Group acupuncture is a common practice in China and

has been implemented in the United States for substance

abuse programs [23] as part of the community acupunc-

ture movement [20] and for chronic pain [24]. To our

knowledge, group acupuncture has not been tested in di-

verse patients with PDN.

The rising incidence of diabetes, along with comorbid-

ities such as chronic pain, is a growing public health con-

cern. In this study, we sought to determine the feasibility

and acceptability of group acupuncture for PDN among

low-income, racially diverse patients at an urban safety

net hospital. We tested the hypothesis that 12 weeks of

group acupuncture would reduce average weekly pain in-

tensity and improve health-related quality of life among

patients with PDN, and we explored whether differences

in the frequency of group acupuncture (once vs twice

weekly) affected feasibility, treatment adherence, and

clinical outcomes.

Methods

Study Design and Setting
We used a three-arm randomized, controlled, nonblinded

trial design. Study participants were patients from the

Zuckerberg San Francisco General Hospital and Trauma

Center (ZSFG), an urban public safety net hospital that

serves a diverse community of patients, of whom 70%

are racial/ethnic minorities, 80% are publicly insured or

uninsured, and 10% are homeless. A majority of ZSFG

patients with diabetes receive care at the Richard H. Fine

People’s Clinic, the Family Health Center, or Diabetes

Clinic, which served as primary sites for study recruitment.

At the time of the study, ZSFG hospital privileges did not

yet exist for licensed acupuncturists. We therefore imple-

mented the intervention and study visits at Community

Acupuncture Works—an established clinic set up for

group-based acupuncture located 0.4 miles from ZSFG.

Recruitment and Study Population
We used passive and active recruitment strategies, includ-

ing posting flyers in Chinese, English, and Spanish in

clinic waiting areas and outreach to ZSFG health care

providers with diabetes patients. We generated a list of

ZSFG patients from the San Francisco Health Network’s

diabetes registry. Patients were included in the registry

based on either an ICD9 250* or ICD10 E11.9, the diag-

nostic codes for diabetes mellitus, or two hemoglobin

A1c values >6.5. We then contacted primary care physi-

cians to confirm whether patients had diabetic neuropa-

thy and to approve or decline eligibility of their patients

for the study. Bilingual (Spanish/English and Cantonese/

English) research staff were present onsite at the recruit-

ment clinics to provide information about the study and

to recruit participants. We also provided educational

materials about acupuncture and incentives for study

participation to bolster recruitment. We enrolled partici-

pants from March 5, 2015, through September 11, 2015.

Research coordinators assessed whether prospective

participants met the following inclusion criteria for pain-

ful diabetic neuropathy: 1) diagnosed with type 2 diabe-

tes mellitus; 2) distal lower limb pain related to

neuropathy; 3) a score �4 on the 11-point (0–10) pain in-

tensity numerical rating scale (PI-NRS) [25] for PDN

pain; 4) pain characterized as burning, shooting, or stab-

bing in nature; 5) a score �5 on the Michigan

Neuropathy Screening Instrument [26]; and 6) a score of

<8 on the Semmes-Weinstein monofilament test of pro-

tective sensation [27]. Additional inclusion criteria were

being aged 18 years or older; Cantonese, English, or

Spanish speaking; ability to understand and willingness
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to comply with study procedures; and no changes in pain

medications for PDN in the prior month.

Exclusion criteria were 1) acupuncture, moxibustion,

cupping, or herbal medicine for PDN used within the

prior two weeks; 2) electrical therapy (e.g., transcutane-

ous electrical nerve stimulation) or patch treatment (e.g.,

lidocaine or capsaicin) for PDN used within the prior

two weeks; 3) pregnancy, planning a pregnancy, or

breast-feeding; 4) inability or unwillingness to comply

with the study protocol.

Study Procedures
Potential participants were prescreened for eligibility by

telephone or in person. Research staff explained what

study participation involved, answered questions about

the study, and screened for basic eligibility. Potential par-

ticipants were invited for an in-person screening visit at

the acupuncture clinic. Once eligibility was confirmed,

written informed consent was obtained from interested

participants. Study materials were available in Chinese,

English, and Spanish, and bilingual study staff

(Cantonese/English or English/Spanish) verbally reviewed

the consent form with participants.

After completing the baseline survey, we randomized

participants 1:1:1 to a) usual care only, b) usual care

with 12 weeks of group acupuncture once weekly, or c)

usual care with 12 weeks of group acupuncture twice

weekly. The data manager programmed a computer-

generated table using block randomization stratified by

language, with randomly selected block sizes of three and

six. At the baseline visit, a research coordinator used the

study database to generate a participant ID. This

prompted a computerized group assignment, which was

immediately recorded in the study database and could

not be altered by study staff. Participants and practi-

tioners were not blinded to group assignment, nor were

interviewers, because they also were responsible for

scheduling acupuncture treatments. The study data man-

ager was blinded to participant assignment.

Participants randomized to the usual care group re-

ceived gift certificates for three acupuncture treatments

at the end of the study. Participants randomized to acu-

puncture received acupuncture treatment at no cost to

them for 12 weeks. We collected data through

participant-administered daily pain logs and through

interview-administered surveys. All participants were

provided incentives for completing interview-

administered surveys at four time points ($25 at baseline,

week 6, and week 12, and $35 at week 18).

Control Arm (Usual Care Only)

Usual care was provided to study participants through

their primary care and/or diabetes physicians. Usual care

was chosen as the control arm for this study because it is

practical, feasible to implement, and clinically relevant.

We considered an attention-matched control to account

for the time and care intervention participants would re-

ceive through acupuncture treatments. We chose a prag-

matic design and opted for usual care to address our core

question of whether adjunctive acupuncture can improve

symptom management compared with usual treatment.

This comparison group controls for potential bias from

the Hawthorne effect, regression to the mean, and the

natural disease course of diabetic neuropathy during

usual care.

Intervention
We developed the acupuncture study protocol using

Schnyer and Allen’s manualization guidelines for flexible

yet standardized treatments [28]. We conducted a sys-

tematic review of acupuncture and PDN and in-depth

qualitative interviews with acupuncturists. Findings from

the manualization process will be reported separately.

Here we provide details of the protocol consistent with

reporting standards for acupuncture clinical trials [29].

Acupuncture Rationale

We developed a standardized, reproducible protocol

based on the theory and practice of traditional Chinese

medicine (TCM), an acupuncture style broadly taught

and practiced in the United States and China. Treatments

were delivered in a group setting where patients sat in

recliners and did not disrobe. The protocol therefore used

points amenable to a group setting (i.e., distal points lo-

cated between the elbow and fingertips, and between the

knee and toe-tips) and did not use electroacupuncture,

which is not typically provided in group acupuncture.

Treatment Regimen

Acupuncture treatments were administered at a commu-

nity acupuncture clinic. Four study acupuncturists, each

licensed for at least five years and experienced with

group-based acupuncture, provided treatments over the

course of the study. Two acupuncturists had conversa-

tional Spanish language skills. Bilingual study coordina-

tors were available as interpreters when patients and

acupuncturists were not language concordant. Patients

were treated in the same room, but appointments were

staggered, such that one patient already had needles in

place when a new patient was consulting with the acu-

puncturist. Initial appointments were an hour in duration

to allow time for individual diagnostic intake by the acu-

puncturist. Follow-up appointments were staggered

15 minutes apart, with a maximum of three to four

patients treated per hour. Duration of follow-up assess-

ment and needle placement was 10–15 minutes, and for

needle retention it was 20–40 minutes.

Details of Needling

Acupuncture points were selected based on the anatomi-

cal location of neuropathic symptoms and participants’

individual TCM diagnoses. Eight to 12 needles were
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administered per treatment. Points based on anatomical

location included the most distal point (jing well) and the

point located near the ankle joint (shu stream) of each af-

fected channel. Points were also selected to address indi-

viduals’ TCM diagnoses associated with the root of their

PDN. For instance, SP10 was chosen if a patient pre-

sented with severe stabbing pain, indicating a TCM diag-

nosis of blood stagnation; LU7 and KI6 were chosen if a

patient presented with dull, lingering pain, indicating a

TCM diagnosis of Yin deficiency (see Supplementary

Table 1 for a complete list of acupuncture points).

Acupuncture was administered using sterile, disposable,

surgical stainless steel needles (0.18�40 mm or 0.30�15

mm DBC Spring Ten Acupuncture Needles) inserted to

standard depths recommended for each point [30]. After

insertion, acupuncturists twirled the needle to achieve

“de qi,” a sensation characterized as numbness or disten-

sion [30]. For each visit, study acupuncturists completed

forms with details about TCM diagnosis, points used,

and lengths of treatment. The principal investigator

(MTC) reviewed these forms and conducted quarterly

interviews with the acupuncturists to assess fidelity of in-

tervention delivery. Acupuncturists did not deviate from

the point selection, techniques, or lengths of treatment

described in the study protocol.

Other Components of Treatment

Other interventions sometimes administered as part of

TCM, such as moxibustion, cupping, herbs, and dietary

recommendations, were not included as per the study

protocol. Concomitant medications taken for symptom

management of PDN, such as antidepressants, opiates,

and anticonvulsants [31], were permitted as prescribed

by participants’ primary care physicians. We counseled

participants not to initiate the following treatments dur-

ing the study: electrical spinal cord stimulation, transcu-

taneous electrical nerve stimulation, laser therapy, patch

therapy, or other acupuncture treatment.

Outcome Measures
Using guidelines for pilot studies [32], we defined feasi-

bility parameters, operational metrics, and goals before

study implementation. The feasibility of randomization

was defined as <10% of eligible patients refusing to en-

roll because of randomization. Our recruitment goal was

to enroll 48 participants in 12 weeks. Our retention goal

was �75% of randomized participants completing at

least one in-person follow-up assessment at week 6, 12,

or 18. Our adherence goal was defined as 75% of

retained participants attending at least 50% of assigned

treatments. We assessed acceptability of the intervention

by asking participants whether they agreed or disagreed

with a series of statements about their experience with

acupuncture during the study, such as “If acupuncture

services were offered again, I would be interested in com-

ing for treatments.”

To test the hypothesis that group acupuncture treat-

ment decreases pain and improves health-related quality

of life among patients with PDN compared with usual

care alone, we assessed core outcomes recommended for

trials of chronic pain [33]. The primary outcome for the

study was change in average weekly pain intensity from

baseline to week 12, measured on a numerical rating

scale (NRS) ranging from 0 (no pain) to 10 (worst possi-

ble pain) [34]. Participants were asked to complete a

daily pain intensity log on paper or via text message from

baseline to week 18. Pain levels were recorded every

morning via three questions using a 24-hour recall pe-

riod: average pain, worst pain, and least pain.

Participants received daily text reminders to complete the

log. Research coordinators collected logs from the partic-

ipants on a weekly basis.

We collected data for other outcomes using the fol-

lowing validated surveys: the Norfolk Quality of Life

Questionnaire–Diabetic Neuropathy (QOL-DN), a 35-

item scale with measures of activities in the past four

weeks, neuropathic symptoms, and physical and emo-

tional health [35]; and the National Institutes of Health

PROMIS forms for depression, anxiety, and sleep distur-

bance [36]. These questionnaires were interviewer-

administered at four time points: baseline, midpoint of

intervention (week 6), end of intervention (week 12), and

six weeks after intervention (week 18).

We collected participants’ descriptive data during the

baseline visit, including sociodemographic and additional

clinical characteristics (length of time with neuropathy

and sites with sensation based on monofilament testing).

Sample Size and Statistical Analysis
Using Cocks and Torgenson’s method for determining pi-

lot sample sizes [37], we estimated that a minimum of 12

participants per group would yield sufficient power to

detect an effect size between each acupuncture arm and

the usual care group within an 80% confidence interval

of clinically meaningful change (two-point reduction or

30% decrease in pain on the NRS) [25]. We estimated at-

trition of 25% and therefore sought to enroll 48 partici-

pants to retain 36 participants in the study. We assessed

feasibility and acceptability by computing percentages of

retention and adherence rates by group assignment.

For the three pain intensity outcomes (average, worst,

and least pain level), we calculated weekly pain NRS by

averaging daily pain NRS over seven days. Weekly pain

levels from baseline to week 18 were analyzed based on

intent to treat with linear mixed models (LMMs) includ-

ing random intercepts for participants. LMMs allow

modeling of all available outcome data and assume that

outcome values are missing at random (MAR) condi-

tional on observed data values [38]. For pain intensity

outcomes, we compared LMMs testing linear and qua-

dratic effects of time. We also tested whether disaggre-

gating the acupuncture groups improved model fit: a
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two-group model combining the two acupuncture groups

vs a three-group model distinguishing acupuncture once

vs twice weekly. We chose the two-group model because

it did not compromise fit based on Akaike information

criteria [39]. Final LMMs for pain outcomes included

fixed effects of treatment group (usual care vs acupunc-

ture), linear time, quadratic time, and interactions be-

tween group and time effects. Additional comparisons

tested simple effects of groups and time. We report data

from the two-group models as our main analyses; data

from the three-group comparisons are included in

Supplementary Data.

To estimate the effects of acupuncture on quality of

life and other patient-reported outcomes, we used an

intent-to-treat analysis with LMMs including random

intercepts for participants. For each outcome, we com-

pared two models, fitting the four time points of assess-

ment (baseline, weeks 6, 12, and 18) as either a

categorical or continuous variable. We also tested

whether disaggregating the acupuncture groups im-

proved model fit. Again, we chose the two-group model

because it did not compromise fit [39]. Final LMMs for

quality of life outcomes included group (usual care vs

acupuncture), time as a categorical variable, and group–

time interaction as fixed effects. Additional comparisons

tested simple effects of groups and time.

Results

Study Participants
We assessed 87 ZSFG patients for eligibility and random-

ized 40 participants: 14 to usual care, 14 to group acu-

puncture once weekly, and 12 to group acupuncture

twice weekly (Figure 1). Study participants had an aver-

age age of 59 (27–85) years and were 50% Latino, 20%

African American, 18% non-Latino white, and 10%

Asian/Pacific Islander; 93% had an annual household in-

come <$35,000. Primary languages were English (50%)

and Spanish (38%). Randomization achieved groups that

were balanced in regard to important participant charac-

teristics (Table 1).

Participants had PDN for an average of 6.3 years with

moderate levels of average pain intensity (mean

NRS¼ 5.3) in the past 24 hours at baseline; 70%

reported fair or poor health status. Quality of life, pres-

ence and severity of neuropathic symptoms, and number

of primary care visits were comparable between the ran-

domized groups (Table 1; Supplementary Table 2). More

participants in the once-weekly acupuncture group had

changes in medications during the intervention period,

compared with the other two groups (P¼ 0.047).

Study Feasibility
Retention was defined as completing at least one follow-

up assessment. We retained 75% of participants in the

study, with differences in assessment of participation by

group. Fewer usual care participants completed one or

more follow-up surveys at weeks 6, 12, or 18 (71% usual

care vs 86% once-weekly acupuncture and 75% twice-

weekly acupuncture). For weekly pain NRS logs, 57% of

the usual care group completed at least one log, com-

pared with 86% of the once-weekly acupuncture group

and 100% of the twice-weekly acupuncture group.

Among participants randomized to acupuncture once

weekly, 12 (86%) attended at least one treatment; 11

(79%) attended half of the assigned treatments

(average¼ 7.8 treatments). Among participants random-

ized to acupuncture twice weekly, 12 (100%) attended at

least one treatment; seven (58%) attended half of the

assigned treatments (average¼ 12.8 treatments).

Acceptability of Acupuncture
All intervention participants agreed that if acupuncture

services were offered again, they would be interested in

coming for treatments; 82% would recommend acupunc-

ture to others with neuropathy (80% of once-weekly par-

ticipants vs 86% of twice-weekly participants); and 77%

felt that they were better able to cope with neuropathy as

a result of acupuncture (80% of once-weekly participants

vs 71% of twice-weekly participants).

Acupuncturists completed a case form for adverse

effects after each treatment. Out of 263 treatments, 15

side effects were reported: pain (8), swelling (2), numb-

ness (2), nausea (1), cramp (1), palpitation in left arm (1).

All were mild and did not require additional intervention.

No serious adverse events were reported.

Pain Intensity
We present usual care vs acupuncture as our main

analyses, based on tests indicating that the two-group

model was optimal. We include results of the analysis

of three groups (usual care vs acupuncture once weekly

vs acupuncture twice weekly) in the Supplementary

Data. We present LMM predicted mean outcome

levels.

At week 12, the change in average weekly pain inten-

sity score from baseline was significantly lower for acu-

puncture compared with usual care (between-group

difference ¼ –2.06 points, 95% CI ¼ –3.01 to –1.10,

P< 0.001) (Table 2). The group-by-quadratic time in-

teraction was statistically significant (z¼ 4.77,

P< 0.001). Average pain was relatively unchanged for

the usual care group across the 18-week period (5.55 at

baseline, 5.83 at week 12, and 5.74 at week 18)

(Figure 2). The acupuncture group showed improve-

ment through the 12-week intervention period (average

pain NRS decreased from 5.51 to 3.73, average differ-

ence ¼ –1.78, 95% CI ¼ –2.23 to –1.32), but pain in-

creased toward baseline levels by week 18 (average

NRS¼ 5.09, baseline to week 18 difference ¼ –0.42,

95% CI ¼ –0.89 to 0.05).

2296 Chao et al.

https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz117#supplementary-data
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz117#supplementary-data
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz117#supplementary-data
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz117#supplementary-data


Change in “worst pain” from baseline to week 12 fa-

vored acupuncture (between-group difference ¼ –2.34,

95% CI ¼ –3.47 to –1.21) (Table 2). The group-by-qua-

dratic time interaction was statistically significant

(z¼ 3.42, P< 0.001). Worst pain increased slightly

across time for the usual care group (baseline

NRS¼ 6.58, week 18 NRS¼ 7.52) (Figure 2). For the

acupuncture group, worst pain declined through week 12

(baseline NRS¼ 6.57, week 12 NRS¼ 5.14), then in-

creased toward baseline levels (week 18 NRS¼ 6.14).

Change in “least pain” from baseline to week 12 fa-

vored acupuncture (between-group difference ¼ –1.46,

95% CI ¼ –2.51 to –0.41). The group-by-quadratic time

interaction was statistically significant (z¼ 2.69,

P< 0.01). Least pain was relatively unchanged for the

usual care group, ranging from 4.46 to 4.64 across

18 weeks (Figure 2). In the acupuncture group, least pain

decreased from 4.38 at baseline to 3.14 at week 12, then

increased to 3.92 at week 18.

Health-Related Quality of Life
Acupuncture vs usual care differences from baseline to

week 12 changes were not significant for quality of life

(between-group difference¼ 25.58, 95% CI ¼ –3.90 to

55.06), physical functioning (15.73, 95% CI ¼ –0.08 to

31.54), or neuropathic symptoms (–0.86, 95% CI ¼
–9.76 to 8.05) (Table 2). Quality of life scores improved

in the acupuncture group, with a significant change from

baseline to week 12 (mean within-group differ-

ence¼ 11.79, 95% CI ¼ 1.92 to 21.66) that was sus-

tained at week 18 (mean difference¼ 14.10, 95% CI ¼
2.87 to 25.33) (Table 2). Physical functioning also im-

proved in the acupuncture group from baseline to week

12 (mean within-group difference¼ 6.04, 95% CI ¼ 0.72

Figure 1. Participant flowchart.
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to 11.37), with sustained improvement at week 18 (mean

within-group difference¼ 6.83, 95% CI ¼ 0.77 to

12.88).

From baseline to week 12, between-group differences

for anxiety (–24.94, 95% CI ¼ –41.73 to –8.14), depres-

sive symptoms (–20.51, 95% CI ¼ –36.10 to –4.92), and

sleep disturbance (–24.96, 95% CI ¼ –45.39 to –4.53)

were significant, primarily because these symptoms wors-

ened in the usual care group.

Discussion

We found that group-based acupuncture is feasible to im-

plement and is acceptable to racially and linguistically di-

verse patients with PDN recruited from an urban safety

net hospital. We observed symptom improvement in

both acupuncture groups and minimal differences be-

tween the two acupuncture groups. Taken together, this

suggests that once-weekly treatments are more feasible

and potentially as effective for this patient population

recruited from safety net primary care clinics.

We found statistically significant reductions in pain

among participants while they were receiving acupunc-

ture treatments. Decreases of two points on a 0–10 NRS

or a 30% percentage change are generally regarded as

clinically relevant improvements in pain intensity [25].

At the end of the 12-week intervention, the acupuncture

group reported a level of pain reduction that exceeded

the usual care group’s pain reduction by 2.1 points.

Similarly, for worst pain, the advantage in pain reduction

reported by the acupuncture group vs the usual care

group was 2.3 points. This is slightly smaller than

improvements noted in clinical trials of drugs such as

gabapentin. One trial found a decrease of 2.5 on the

same NRS [40]. However, that treatment was also associ-

ated with substantial adverse effects, including 24% of

participants reporting dizziness and 23% reporting som-

nolence with gabapentin, compared with only 5–6%

Table 1. Baseline characteristics of study participants

Group Acupuncture

Characteristic Usual Care (N¼14), No. (%) Once Weekly (N¼14), No. (%) Twice Weekly (N¼12), No. (%)

Sociodemographic characteristics

Age, y* 60.7 6 11.8 61.0 6 9.8 55.4 6 11.1

Sex, female 6 (42.9) 7 (50.0) 7 (58.3)

Race/ethnicity

African American/black 2 (14.3) 3 (21.4) 3 (25.0)

Asian/Pacific Islander 3 (21.4) — 1 (8.3)

Latino 7 (50.0) 7 (50.0) 6 (50.0)

Non-Latino white 1 (7.1) 4 (28.6) 2 (16.7)

Other 1 (7.1) — —

Nativity, born outside the US 9 (64.3) 8 (57.1) 6 (50.0)

Educational attainment

High school or less 7 (50.0) 6 (42.8) 4 (32.3)

Some college 4 (28.6) 3 (21.4) 3 (25.0)

College grad or more 3 (21.4) 5 (35.7) 5 (41.7)

Primary language

English 6 (42.9) 7 (50.0) 7 (58.3)

Spanish 6 (42.9) 5 (35.7) 4 (33.0)

Other 2 (14.3) 2 (15.3) 1 (3.9)

Publicly insured 12 (85.7) 10 (76.9) 11 (80.8)

Employment status

Employed 5 (35.7) 3 (23.0) 1 (8.3)

Unemployed or on disability 6 (42.9) 3 (30.8) 7 (58.3)

Retired 3 (21.4) 6 (46.2) 4 (33.3)

Household income <$35k 14 (100.0) 11 (78.6) 12 (100.0)

Patient-reported symptoms

Pain intensity

Average pain* 4.4 6 3.4 5.9 6 2.3 5.2 6 2.5

Worst pain* 6.4 6 3.3 6.6 6 2.5 6.2 6 2.3

Least pain* 4.4 6 3.0 4.9 6 1.7 2.7 6 2.9

Quality of life*,† 64.2 6 29.7 71.6 6 33.8 67.1 6 31.7

Physical functioning*,† 21.7 6 14.7 25.9 6 16.6 22.4 6 15.2

Neuropathic symptoms*,† 17.5 6 6.8 15.9 6 8.9 16 6 7

Anxiety* 60.8 6 9.1 59.0 6 10.7 61.5 6 11.7

Depressive symptoms* 57.5 6 8.2 54.8 6 12.3 59.7 6 12.5

Sleep disturbance* 48.0 6 9.8 45.6 6 13.9 51.3 6 14.3

*Data presented as mean 6 SD.
†Norfolk Quality of Life Questionnaire–Diabetic Neuropathy.
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reporting these symptoms in the control group. Overall,

these results suggest that steps to optimize the degree of

pain relief from acupuncture warrant further testing,

with the goal of achieving more clinically significant

improvement.

Decreases in pain were not sustained once acupunc-

ture treatments ended. This is in contrast to a recent

study, which found that the beneficial effects of group

acupuncture on chronic musculoskeletal pain lasted

16 weeks after treatments ended [24]. Kligler et al.’s

study included 24 weeks of weekly acupuncture and

TCM practices (e.g., lifestyle recommendations and mas-

sage techniques) that are not typically provided in group

acupuncture settings. Our study included patients with

neuropathic pain and tested a 12-week treatment period

of manual acupuncture. Unanswered questions include

whether the durability of acupuncture effects differs for

neuropathic vs nociceptive pain, what the optimal length

of acupuncture treatment is, and whether less restrictive

point selection or integrating other TCM practices in ad-

dition to acupuncture enhances treatment effects. The

effects of ongoing maintenance treatments or use of elec-

troacupuncture [41,42] on the durability of treatment

effects also warrant exploration.

Although between-group differences were not signifi-

cant, we found that acupuncture was associated with

within-group improvements in quality of life, including

better physical functioning and decreased neuropathic

symptoms. In contrast to changes in pain intensity, which

did not last beyond the treatment period, improvements

in quality of life appeared more durable across the 18

study weeks. Qualitative feedback from our study partic-

ipants suggested that decreasing use of medications im-

proved their quality of life, though data extracted from

participants’ health records about changes in medications

were mixed and did not fully support this finding. The

Table 2. Change in patient-reported outcomes, difference from baseline†

Outcome Usual Care Group Acupuncture Between-Group Differences

Average pain intensity‡

Week 6 0.22 (–0.46 to 0.90) –1.64 (–2.02 to –1.25)*** –1.86 (–2.64 to –1.08)***

Week 12 0.28 (–0.56 to 1.12) –1.78 (–2.23 to –1.32)*** –2.06 (–3.01 to –1.10)***

Week 18 0.19 (–0.52 to 0.90) –0.42 (–0.89 to 0.05) –0.61 (–1.46 to 0.24)

Worst pain intensity‡

Week 6 0.60 (–0.19 to 1.39) –1.28 (–1.75 to –0.80)*** –1.88 (–2.80 to –0.96)***

Week 12 0.91 (–0.06 to 1.89) –1.42 (–1.98 to –0.86)*** –2.34 (–3.47 to –1.21)***

Week 18 0.94 (0.10 to 1.79) –0.43 (–1.03 to 0.16) –1.37 (–2.41 to –0.34)***

Least pain intensity‡

Week 6 0.16 (–0.58 to 0.90) –1.08 (–1.52 to –0.65)*** –1.24 (–2.10 to –0.39)**

Week 12 0.22 (–0.70 to 1.14) –1.24 (–1.75 to –0.72)*** –1.46 (–2.51 to –0.41)**

Week 18 0.18 (–0.61 to 0.97) –0.46 (–1.00 to 0.09) –0.64 (–1.60 to 0.32)

Quality of life

Week 6 25.75 (5.17 to 46.32)* 13.84 (2.93 to 24.76)* –11.90 (–35.20 to 11.39)

Week 12 –13.79 (–41.56 to 13.99) 11.79 (1.92 to 21.66)* 25.58 (–3.90 to 55.06)

Week 18 10.29 (–10.06 to 30.64) 14.10 (2.87 to 25.33)* 3.81 (–19.43 to 27.05)

Physical functioning

Week 6 10.43 (–0.58 to 21.44) 8.15 (2.26 to 14.04)** 2.28 (–14.77 to 10.20)

Week 12 –9.69 (–24.57 to 5.19) 6.04 (0.72 to 11.37)* 15.73 (–0.08 to 31.54)

Week 18 7.25 (–3.66 to 18.15) 6.83 (0.77 to 12.88)* 0.42 (–12.89 to 12.05)

Neuropathic symptoms‡

Week 6 –7.63 (–14.92 to –0.33)* –1.65 (–5.61 to 2.32) 5.98 (–2.32 to 14.27)

Week 12 –2.18 (–10.32 to 5.95) –3.04 (–6.65 to 0.57) –0.86 (–9.76 to 8.05)

Week 18 0.37 (–5.91 to 6.65) –5.65 (–9.37 to –1.92)* –6.01 (–13.31 to 1.29)

Anxiety‡

Week 6 –0.88 (–14.49 to 12.73) –2.77 (–10.39 to 4.84) –1.90 (–17.49 to 13.70)

Week 12 19.02 (3.74 to 34.31)* –5.91 (–12.88 to 1.05) –24.94 (–41.73 to –8.14)**

Week 18 3.33 (–8.42 to 15.08) 4.69 (–2.46 to 11.84) 1.36 (–12.40 to 15.12)

Depressive symptoms‡

Week 6 –1.81 (–14.52 to 10.90) 0.27 (–6.72 to 7.25) 2.08 (–12.43 to 16.58)

Week 12 18.84 (4.61 to 33.07)** –1.67 (–8.04 to 4.71) –20.51 (–36.10 to –4.92)**

Week 18 5.21 (–5.76 to 16.17) 7.21 (0.64 to 13.77)* 2.00 (–10.78 to 14.78)

Sleep disturbance‡

Week 6 9.22 (–7.42 to 25.86) 19.53 (10.37 to 28.70)* 10.31 (–8.69 to 29.31)

Week 12 23.01 (4.37 to 41.65)* –1.95 (–10.31 to 6.42) –24.96 (–45.39 to –4.53)*

Week 18 6.26 (–8.09 to 20.62) 8.51 (–0.10 to 17.13) 2.25 (–14.49 to 18.99)

*P< 0.05; **P< 0.01; ***P< 0.001.
†Data derived from linear mixed models.
‡Lower scores indicate more optimal outcome.
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impact of analgesic treatments on quality of life remains

an important but understudied area. Trials of pharmaco-

logic treatments for PDN underreport quality of life but

have dropout rates from adverse events that range widely

(e.g., 4–39% for amitriptyline, 8–21% for gabapentin,

3–70% for oxycodone) [43].

Our study has a number of limitations, including a

small sample size. Challenges included slow initial re-

cruitment and low enrollment of Cantonese-speaking

patients, limiting study generalizability. Adherence was

lower for participants assigned to acupuncture twice

weekly (average¼ 13 out of 24 treatments) compared

with acupuncture once weekly (average¼ 8 out of 12

treatments), and retention of participants in usual care

was more challenging than those receiving acupuncture.

Future studies would benefit from alternative data col-

lection methods, including telephone follow-up.

Interviewers were not blind to intervention group as-

signment, which may have biased participant reporting

of secondary outcomes. Our primary outcome, pain in-

tensity, was self-administered and therefore not subject

to the same limitation.

We did not include sham acupuncture as a comparison

group and cannot assess whether the observed benefits of

acupuncture were due in part to nonspecific effects of

treatment. We chose a pragmatic clinical trial design and

usual care as a comparison group to assess the added

benefits of adjunctive acupuncture beyond existing treat-

ment options, which are often limited to pharmacologic

approaches. We recruited from a public safety net hospi-

tal and conducted the study at a clinic established for

group acupuncture. Although the patient experience in

the clinic is representative of a growing movement of

community acupuncture sites [21], the close proximity to

a safety net hospital provided a convenient location that

may not be generalizable to other settings.

Despite these challenges, findings from this study

suggest beneficial effects of acupuncture for neuro-

pathic pain and quality of life and a potential worsening

of symptoms among patients receiving usual care.

Overall, our study suggests that group acupuncture is

feasible to implement in safety net settings and is ac-

ceptable to racially and linguistically diverse patients

with PDN. Group acupuncture on a once-weekly basis

is a promising nonpharmacologic approach for symp-

tom management in safety net patients with PDN.

Additional research is needed to determine the optimal

acupuncture protocol to enhance the clinical effective-

ness of group acupuncture and the maintenance of

treatment effects.
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