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Abstract
Purpose  The efficacy and safety of electroacupuncture was compared to those of sham electroacupuncture for the treatment 
of postmenopausal women with stress urinary incontinence (SUI).
Methods  This study was a secondary analysis of a multicenter, randomized controlled trial that recruited 504 women with 
SUI and randomized 349 postmenopausal women to receive 18 treatment sessions of electroacupuncture or sham electroacu-
puncture over 6 weeks, with a 24-week follow-up assessment. Treatment response was defined as a 50% or greater reduction 
in urine leakage, as measured by a 1-h pad test at week 6.
Results  Of the 349 randomized women, 332 completed the study. The response rate was 61.0% in the electroacupuncture 
group compared to 18.9% in the sham electroacupuncture group (difference 42.5%; 95% confidence interval, 33.3–51.7; 
p < 0.001). After 6 weeks of treatment, the mean 72-h urinary incontinence episode frequency, proportion of participants 
with at least a 50% decrease in mean 72-h incontinence episode frequency, participant-reported SUI severity, International 
Consultation on Incontinence Questionnaire-Short Form scores, and participants’ self-evaluation of therapeutic effects 
improved in both groups, with significant between-group differences. Treatment-related adverse events occurred in 2.1% of 
women during the 6-week treatment.
Conclusion  Electroacupuncture may effectively and safely relieve urinary incontinence symptoms and improve quality of 
life in postmenopausal women with SUI.

Keywords  Acupuncture · Urinary incontinence · Stress · Postmenopause · Woman · Randomized controlled trial · 
Electroacupuncture

Introduction

Stress urinary incontinence (SUI) is a common medical con-
dition characterized by the inadvertent loss of urine during 
episodes of increased intra-abdominal pressure related to 
effort or exertion or upon sneezing or coughing [1]. SUI 
prevalence generally varies by age, race and ethnicity, with 
4.6–28% of Europeans [2] and 18.9 [3]–46% [4] of Asians 
being affected. SUI may negatively impact social and work 
life and contribute to poor mental health [5]. Studies by 
Capobianco et al. [1] show that SUI prevalence among post-
menopausal women can reach nearly 40%. Potential causes 
for the higher prevalence, development or progress of SUI 
among postmenopausal women are unknown, but may be 
related to hormonal changes [1, 6, 7]. Though numerous 
therapeutic options such as pelvic floor muscle training and 
local administration of estrogens exist, these conventional 
treatments might face a major challenge because of anatomic 
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and physiologic changes, such as thinning of the urethral 
mucosa, loss of urethral closure pressure, and decreased 
sensory threshold of the lower urinary tract [8]. In addition, 
surgical therapy (e.g., midurethral synthetic sling, autolo-
gous fascia pubovaginal sling, colposuspension) could be 
the preferred option for patients who have failed conserva-
tive management strategies [9, 10], the potential risk and a 
higher cost cannot be ignored. There is still a need to iden-
tify new non-surgical therapeutic strategies to achieve a bet-
ter balance between efficacy and adverse events [1].

Acupuncture is a complementary and alternative medical 
therapy that appears promising for the treatment of SUI. In 
2017, we reported results from a randomized clinical trial 
of electroacupuncture (EA) compared to sham electroacu-
puncture (SA) to treat SUI which showed that 6-week lum-
bosacral EA treatment was associated with decreased urine 
leakage compared to SA treatment [11]. Because that study 
focused on the general female population, the efficacy of 
acupuncture among postmenopausal women with SUI was 
not specifically reported among the primary study findings.

To address the limitations of previous research, a post 
hoc analysis was performed using strict outcome measures 
to assess the effectiveness and safety of EA compared to SA 
among postmenopausal women with SUI.

Methods

Data source

This study is a secondary analysis of a multicenter, rand-
omized, parallel, sham-controlled trial of 504 participants at 
12 hospitals in China from October 8, 2013 to May 15, 2015. 
Of 504 original participants, 349 (69.3%) were included in 
the secondary analysis based on postmenopausal status, 
which is defined by the absence of vaginal bleeding for at 
least 12 months [12].

Study design details have been published previously [13]. 
Briefly, Chinese women with SUI were eligible if they had 
a pad weight gain of greater than 1 g, as measured by the 
1-h pad test. SUI was defined based on the International 
Consultation on Urological Diseases clinical diagnosis rec-
ommendations [14]. Women were excluded for a history of 
urge, mixed, or other type of urinary incontinence; sympto-
matic urinary tract infection with specific treatment; or use 
of medication that may affect bladder function. Participants 
ranged in age from 40 to 75 years and were enrolled in the 
EA and SA groups according to a 1:1 ratio. Randomization 
was stratified by enrolment site in a block size of six via a 
central randomization system. Participants, outcome asses-
sors, and statisticians were blinded to intervention group. 
Following a 1-week baseline assessment, participants under-
went 30-min EA or SA treatment sessions three times per 

week (ideally every other day) for a total of 18 sessions over 
6 consecutive weeks. Participants were then examined at a 
24-week follow-up. During the trial, nine participants in the 
EA group and 13 participants in the SA group dropped out.

The original trial was registered at ClinicalTrials.gov 
(NCT01784172), and the study protocol was approved by 
independent ethics committees at all participating sites (see 
Supplement 2). The study was conducted in accordance with 
the tenets of the Declaration of Helsinki and the Good Clini-
cal Practice guidelines. All participants provided written 
informed consent prior to the start of the study.

Outcome measures

Treatment response was defined as a 50% or greater reduc-
tion in urine leakage, as measured by the 1-h pad test at 
week 6 compared to baseline. Secondary outcomes included 
the mean change in 72-h urinary incontinence episode fre-
quency (IEF), as measured by a 72-h bladder diary (from 
baseline to weeks 1–6, weeks 15–18, and weeks 27–30); 
change in amount of urine leakage (AUL) (from baseline to 
week 2 and week 6); proportion of participants with a 50% 
or greater decrease in the mean 72-h IEF (from baseline to 
weeks 1–6, weeks 15–18, and weeks 27–30); change in score 
on the validated Chinese version International Consultation 
on Incontinence Questionnaire-Short Form (ICIQ-SF) [15] 
(from baseline to week 6, week 18, and week 30); partici-
pant-reported SUI severity and self-evaluation of therapeutic 
effects at week 6, week 18, and week 30; and the number of 
urine pads used. All adverse events were recorded through-
out the trial.

Statistical analysis

SAS version 9.4 (SAS Institute, Cary, NC, USA) was used 
for all statistical analyses following the intention-to-treat 
principle. Descriptive statistics were used for demograph-
ics, baseline characteristics, and safety variables. Treatment 
response was analyzed by fitting a generalized linear model 
with a binomial distribution that was adjusted for sites. 
Participants who did not continue with follow-up and did 
not provide a post-baseline measure for urine leakage were 
considered non-responders at week 6. The same approach 
was used for the participants with at least a 50% reduction 
from baseline in the mean 72-h IEF. Secondary continuous 
outcomes were assessed using a mixed-effect model with a 
repeated measures approach. The model included change 
from baseline as the response variable. Baseline value, treat-
ment, visit, treatment × visit interaction as a fixed effect, 
site, and interaction between site and treatment as random 
effects were also included. For participants using urine pads, 
comparisons between treatment groups were assessed using 
the Wilcoxon rank-sum test. Participants’ missing data on 
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the primary outcome were considered non-responders. All 
statistical tests were two sided, and a p value of less than 
0.05 was considered statistically significant.

Results

In total, 349 postmenopausal women with SUI (mean age, 
58.8 years) were included in the secondary analysis (169 
in the EA group and 180 in the SA group). Of these, 332 

completed the follow-up assessment, and 17 patients (five 
in the EA group and 12 in the SA group) were classified as 
non-responders because no post-baseline 1-h AUL data were 
available. No baseline differences were evident between 
groups (Table 1). There were 103 responders among 169 
participants in the EA group and 34 responders among 180 
participants in the SA group. The response rate was 61% 
in the EA group compared to 18.9% in the SA group [dif-
ference 42.5%; 95% confidence interval (CI), 33.3–51.7; 
p < 0.001; Table 2].

Table 1   Baseline patient 
characteristics

a Two participants in the SA group had no history of childbirth
b Severity of SUI (objective) was rated by the AUL, as measured by the 1-h pad test (minimal/conti-
nent, ≤ 1 g; mild, 1.1–9.9 g; moderate, 10–49.9 g; severe, ≥ 50 g)
c ICIQ-SF scoring was additive (range 0–21), with higher values indicating worse outcomes
d Severity of SUI (subjective) was rated by patients using a 72-h bladder diary (none; mild, leaking several 
drops; moderate, soaking underwear; severe, soaking outerwear)
e Weekly use of urine pads was assessed in patients who used them
f Previous SUI treatment mainly included pelvic floor muscle training (EA, n = 3; SA, n = 1), medicine and 
acupuncture (EA, n = 7; SA, n = 7), and lifestyle intervention (SA, n = 2)

Characteristics EA (n = 169) SA (n = 180)

Age, mean (SD), year 58.2 (6.90) 59.4 (7.06)
Race, no. (%)
 Han 162 (95.9) 177 (98.3)
 Minorities 7 (4.1) 3 (1.7)

Educational level, no. (%)
 Primary education or less 43 (25.4) 51 (28.3)
 Secondary education 114 (67.5) 115 (63.9)
 Tertiary education 12 (7.1) 14 (7.8)

Manner of child delivery, no. (%)a

 Vaginal delivery 156 (92.3) 165 (92.7)
 Cesarean section 11 (6.5) 11 (6.2)
 Both 2 (1.2) 2 (1.1)
 BMI, mean (SD), kg/m2 24.2 (2.89) 23.9 (2.59)
 SUI duration, median (IQR), months 60 (36–120) 63 (40–120)
 Co-morbidities, no. (%) 18 (10.7) 23 (12.8)

Severity of SUI (objective), no. (%)b

 Mild 87 (51.5) 89 (49.4)
 Moderate 62 (36.7) 73 (40.6)
 Severe 20 (11.8) 18 (10.0)
 1-h AUL, mean (SD) 20.4 (26.6) 20.6 (30.0)
 72-h IEF, mean (SD) 8.3 (9.43) 8.3 (7.97)
 ICIQ-SF score, mean (SD)c 9.9 (3.52) 9.9 (3.20)

Severity of SUI (subjective), no. (%)d

 None 3 (1.8)  3 (1.7) 
 Mild 77 (45.6)  90 (50.3) 
 Moderate 71 (42.0)  72 (40.2) 
 Severe 18 (10.7)  14 (7.8) 
 24-h volume of liquid intake, median (IQR), ml 1067 (766.0–1450) 1017 (700.0–1500)
 Patients using urine pads, no.(%) 80 (47.3)  78 (43.3) 
 Weekly mean consumption of urine pads used, median (IQR)e 7.0 (3.0–10.5) 7.0 (4.0–9.0)
 Previous treatments for SUI within 2 weeks, no (%)f 10 (5.9) 10 (5.6)
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With respect to secondary outcomes, change in the 
mean decrease in the 72-h IEF from baseline was greater 
for the EA group compared to the SA group during weeks 
15–18 and weeks 27–30 but not weeks 1–6 [between-
group differences of − 2.0 (95% CI, − 2.9 to − 1.1; 
p < 0.001) and − 2.3 (95% CI, − 3.2 to − 1.3; p < 0.001), 
respectively]. The difference in 1-h AUL decreases from 
baseline in the EA group compared to the SA group was 
greatest at weeks 2 and 6, with between-group differences 
of − 5.1 (95% CI, − 7.4 to − 2.7; p < 0.001) and − 8.1 
(95% CI, − 10.5 to − 5.6; p < 0.001). The EA group had 
a higher proportion of women who experienced greater 
than 50% reduction in the mean 72-h IEF from baseline to 
weeks 1–6, weeks 15–18, and weeks 27–30, with between-
group differences of 10% (95% CI, 0.4–19.7; p = 0.04), 

21.9% (95% CI, 11.7–32.2; p < 0.001), and 26.2% (95% CI, 
16.0–36.3; p < 0.001), respectively. Furthermore, ICIQ-
SF scores showed the greatest change from baseline at 
weeks 6, 18, and 30 in the EA compared to the SA group, 
with between-group differences of − 1.6 (95% CI, − 2.5 to 
– 0.6; p < 0.001), − 2.3 (95% CI, − 3.4 to − 1.3; p < 0.001), 
and -2.8 (95% CI, − 4.0 to − 1.7; p < 0.001), respectively. 
There were no between-group differences with respect to 
urine pad use during weeks 1–6, weeks 7–18, or weeks 
19–30 (p > 0.05 for all) or mean weekly use of urine 
pads during weeks 1–6 or weeks 7–18 (p > 0.05 for both; 
Table 2). The EA group experienced a greater improve-
ment in participant-reported SUI severity improvement 
during weeks 1–6 (p = 0.03), weeks 15–18 (p < 0.001), and 
weeks 27–30 (p < 0.001), as well as a marked improvement 

Table 2   Primary and secondary 
outcomes

Data are expressed as number/total number of patients (%), unless otherwise indicated
a Multiple imputations for missing data were used for the primary outcome only. All other results presented 
in the table and in the manuscript are based on consistent use of data for completers, without imputation
b Repeated measures analysis of variance model was used for the 72-h IEF and ICIQ-SF score
c ICIQ-SF scoring was additive (0–21), with higher scores indicating worse outcomes
d The weekly use of urine pads was assessed in patients who used them. The Wilcoxon rank-sum test was 
used, and the differences between two groups are not provided

Variable EA (n = 169) SA (n = 180) Difference (95% CI) p value

Primary outcome
 Reduction ≥ 50% in the 1-h AUL from baseline, n (%)
  Week 6 103/169 (61.0) 34/180 (18.9) 42.5 (33.3–51.7) < 0.001

Secondary outcomes
 Change in the mean 72-h IEF, adjusted mean (95% CI)b

  Weeks 1–6 − 3.0 (− 3.9 to− 2.1) − 2.3 (− 3.1 to− 1.4) − 0.7 (− 1.7 to 0.3) 0.15
  Weeks 15–18 − 5.1 (– 6.0 to − 4.3) − 3.1 (− 4.0 to− 2.3) − 2.0 (− 2.9 to − 1.1) < 0.001
  Weeks 27–30 − 5.5 (− 6.3 to − 4.6) − 3.2 (− 4.0 to − 2.4) − 2.3 (− 3.2 to − 1.3) < 0.001

 Change in the 1-h AUL, adjusted mean (95% CI), ga

  Week 2 − 7.5 (− 10.3 to − 4.8) − 2.5 (− 5.2 to 0.2) − 5.1 (−7.4 to − 2.7) < 0.001
  Week 6 − 11.5 (− 14.3 to − 8.7) − 3.4 (− 6.2 to − 0.6) − 8.1 (− 10.5 to − 5.6) < 0.001

 Reduction ≥ 50% in the mean 72-h IEF from baseline
  Weeks 1–6 57/161 (35.4) 45/171 (26.3) 10.0 (0.4–19.7) 0.04
  Weeks 15–18 102/160 (63.8) 68/164 (41.5) 21.9 (11.7–32.2) < 0.001
  Weeks 27–30 110/160 (68.8) 69/164 (42.1) 26.2 (16.0–36.3) < 0.001

 Change in the ICIQ-SF score, adjusted mean (95% CI)b,c

  Week 6 − 2.5 (− 3.2 to − 1.8) − 1.0 (− 1.7 to – 0.2) − 1.6 (− 2.5 to – 0.6) < 0.001
  Week 18 − 3.8 (− 4.6 to − 3.0) − 1.5 (− 2.3 to – 0.7) − 2.3 (− 3.4 to − 1.3) < 0.001
  Week 30 − 4.6 (− 5.4 to − 3.7) − 1.7 (− 2.5 to – 0.9) − 2.8 (− 4.0 to − 1.7) < 0.001

 Patients using urine pads
  Weeks 1–6 72/163 (44.2)  80/173 (46.2)  NA 0.70
  Weeks 7–18 46/163 (28.2)  60/165 (36.4)  NA 0.12
  Weeks 19–30 48/163 (29.4)  63/165 (38.2)  NA 0.10

Weekly mean consumption of urine pads used, median (IQR)d

  Weeks 1–6 3.3 (2.0–6.5) 4.5 (2.0–7.0) – 0.25
 Weeks 7–18 3.5 (1.5–6.3) 3.9 (1.4–7.1) – 0.55
 Weeks 19–30 2.9 (1.4–6.3) 4.0 (2.0–7.8) – 0.07
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in self-evaluated therapeutic effects at weeks 6, 18, and 30 
(p < 0.001 for all; Table 3).

Adverse events related to treatment affected 2.1% of par-
ticipants during the 6-week treatment period; however, all 
adverse events were mild and transient (Table 4).

Discussion

Main findings

This secondary analysis is the first, to our knowledge, to 
report treatment outcomes of EA compared to SA for post-
menopausal women with SUI symptoms. Over 6 weeks, a 
higher proportion of patients receiving EA compared to SA 
experienced symptom improvement.

The 1-h pad test is a reliable measurement of SUI for 
quantifying urine leakage. A decrease of 50% or more from 
baseline in the amount of urine leakage, as measured by the 
1-h pad test, was considered evidence of clinical improve-
ment [16] and defined as treatment response in this sec-
ondary analysis. In this study, the response rates for post-
menopausal patients with SUI were 61% in the EA group 
and 18.9% in the SA group (difference, 42.5%). Results 
show that EA produced a clinically meaningful decrease 
in urine leakage among postmenopausal women with SUI. 
The 61% response rate in the EA group was similar to the 
65.2% of patients who experienced improved 1-h pad test 
results (< 1 g) when treated with 12 weeks’ circular muscle 
exercises and higher than the 50% of patients treated with 
12 weeks’ pelvic floor muscle training [17]. However, that 

study did not focus on postmenopausal women. Quantifica-
tion of urine leakage using change in the 1-h AUL showed 
that EA decreased urine leakage among postmenopausal 
women at a rate similar to pelvic floor muscle exercises, 
vaginal cones, and intravaginal estriol for postmenopausal 
women with SUI [18, 19].

Our findings also showed that EA improved IEF over a 
6-week treatment period and 24-week follow-up period, as 
measured by the mean change in 72-h IEF and the propor-
tion of women experiencing a 50% or greater reduction in 
mean 72-h IEF from baseline. However, a between-group 
difference in the decrease from baseline for the 72-h IEF 

Table 3   Participant-reported symptom severity and participant self-evaluation of therapeutic effects

P was per Wilcoxon rank-sum test
a SUI severity was rated per participant using the 72-h bladder diary (none; mild, leaking several drops; moderate, soaking underwear; severe, 
soaking outerwear). The worst degree of urine incontinence during each period (weeks 1–6, weeks 15–18, and weeks 27–30) was used as the 
SUI severity for each corresponding time period

Week 6 Week 18 Week 30

EA (n = 169) SA (n = 180) p value EA (n = 169) SA (n = 180) p value EA (n = 169) SA (n = 180) p value

Severity of SUI, no. (%)a

 No 8 (4.9)  4 (2.3)  0.03 29 (17.9)  12 (7.2)  < 0.001 35 (21.6)  16 (9.6)  < 0.001
 Mild 93 (56.7)  82 (47.1)  112 (69.1)  93 (55.7)  100 (61.7)  95 (56.9) 
 Medium 59 (36.0)  74 (42.5)  18 (11.1)  51 (30.5)  23 (14.2)  47 (28.1) 
 Severe 4 (2.4)  14 (8.0)  3 (1.9)  11 (6.6)  4 (2.5)  9 (5.4) 
 Missing 5 6 7 13 7 13

PSTE, no. (%)
 No help 2 (1.2)  58 (33.3)  < 0.001 4 (2.5)  57 (34.1)  < 0.001 7 (4.3)  61 (36.5)  < 0.001
 Little help 19 (11.6)  63 (36.2)  35 (21.5)  64 (38.3)  32 (19.6)  61 (36.5) 
 Medium help 78 (47.6)  31 (17.8)  63 (38.7)  22 (13.2)  61 (37.4)  24 (14.4) 
 Great help 65 (39.6)  22 (12.6)  61 (37.4)  24 (14.4)  63 (38.7)  21 (12.6) 
 Missing 5 6 6 13 6 13

Table 4   Treatment-related adverse events

AEs were analyzed for all patients who received treatment and were 
counted by type rather than frequency for the same patient. AEs of 
different types occurring in a single patient were defined as inde-
pendent AEs. A single AE type with multiple occurrences in a single 
patient was defined as one AE
a Five patients in the EA group and three patients in the SA group did 
not receive treatment
b p > 0.99 for the between-group comparison using Fisher’s exact test

AE EA (n = 164)a SA (n = 177)a Totalb

Patient, no. (%) Patient, no. (%) Patient, no. (%)

Total 3 (1.8) 4 (2.3) 7 (2.1)
SAE 0 0 0
Subcutaneous 

hematoma
0 3 (1.7) 3 (0.9)

Fatigue 2 (1.2) 1 (0.6) 3 (0.9)
Sharp pain 1 (0.6) 0 1 (0.3)
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was only observed during follow-up, not during treatment. 
The finding that the mean 72-h IEF changed by 5.5 episodes 
from baseline to weeks 27–30 in the EA group, compared 
with 3.2 in the SA group (p < 0.001), was consistent with 
previous research in a sample that included premenopausal 
and postmenopausal women with SUI [20]. Compared to the 
SA group, the EA group had a higher percentage of partici-
pants with a 50% or greater reduction in the mean 72-h IEF 
at 24 weeks. A 50% reduction in IEF can be considered as 
a threshold for clinically relevant SUI in outcome research 
[21]. Thus, our results suggest that patients treated with EA 
may have sustained post-treatment reductions in urinary 
incontinence episodes among postmenopausal women with 
SUI.

In this secondary analysis, EA was also superior to SA 
based on secondary outcome measures of change in ICIQ-SF 
score, participant-reported symptom severity, and partici-
pant self-evaluation of therapeutic effects. These subjective 
outcome measures closely correlate with quality of life for 
patients with SUI. The improvements reported by patients 
in this study after EA treatment are consistent with previous 
results for studies of EA and pelvic floor muscle exercise 
[11, 20, 22].

Though estrogen deficiency may be an etiological factor 
in the development of urinary incontinence in women [23], 
and local administration of estrogens improves incontinence 
symptoms [24], there is inadequate evidence that systemic 
estrogen improves symptoms of incontinence among meno-
pausal women [25]. Pelvic floor muscle exercises are com-
monly recommended as first-line, conservative management 
for women with SUI [26]. This secondary analysis showed 
that EA may also play a role in conservative management of 
SUI among postmenopausal women.

The mechanisms by which acupuncture affects SUI 
among postmenopausal women remain unclear. Stimula-
tion of pelvic floor muscle contraction and simulated pelvic 
floor muscle training by stimulating S3 via BL33 and the 
pudendal nerve via BL35 have been described as a plausible 
mechanism by which acupuncture treats SUI [27].

The main strengths of this study were the multicenter 
RCT design involving a large sample size, high adherence to 
the treatment protocol, and the use of strict outcome meas-
ures. Meanwhile, this secondary analysis addresses a current 
knowledge gap about the effect of EA in postmenopausal 
women with SUI. This study could provide some evidence 
to support the acupuncture in the management of postmeno-
pausal women with SUI.

Our study also has several limitations. First, we do not 
know the actual treatment response for those patients who 
did not complete follow-up. Likewise, it is unknown whether 
treatment effects would have been maintained over an 
extended follow-up. Second, the secondary analysis was not 
predefined during the original study design; thus, potential 

bias influencing the outcomes cannot be ruled out due to the 
limitations of any post hoc analysis. Third, study participa-
tion was limited to Chinese women; therefore, generaliz-
ability to other groups is unknown. Fourth, the collection 
of cost-related data was not required in the design of the 
original research though the assessment of costs has practi-
cal significance in SUI treatment. Taking medical insurance 
coverage for acupuncture in Beijing as an example, the total 
costs for 18 acupuncture sessions came to around 1440 CNY 
(≈ $ 210) with about 80 CNY (including treatment fee and 
material fee) per acupuncture treatment.

Conclusion

Electroacupuncture may decrease urine leakage and urinary 
incontinence episodes while improving quality of life among 
postmenopausal women with SUI. This treatment may be a 
favorable, conservative treatment alternative. Further high-
quality research is necessary to evaluate acupuncture’s effi-
cacy as well as the mechanism of action of this intervention.
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