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Abstract. The present study compared the clinical effec-
tiveness of electroacupuncture (EA), monotherapy and 
combination therapy involving the administration of EA and 
mosapride in diabetic patients with severe or mild symptoms 
suggestive of gastroparesis. A total of 56 patients with type 2 
diabetes who had symptoms suggestive of gastroparesis 
for >3 months were divided into two groups according to 
the Gastroparesis Cardinal Symptom Index (GCSI) score, 
including 33 in the mild group (GCSI score <3.5) and  
23  in  the  severe  group  (GCSI  score  ≥3.5).  Initially,  all 
patients received EA monotherapy for 14 days. An effective 
response was defined as a reduction of the overall baseline 
GCSI score by >25% after treatment. The non-responding 
patients then received a combination treatment with EA and 
mosapride. Gastric emptying was assessed by the 13C-octanoic 
acid breath test at the beginning and end of each treatment 
session. Two patients in the severe group dropped out of the 
study during the initial treatment session. The results revealed 
that 34 early-responding patients (30 from the mild group and  
4 from the severe group) treated with EA monotherapy, and 
20 non-early-responding patients receiving combination 
therapy with EA and mosapride showed clinically significant 
improvements. Analysis of data from the mild subgroup 
demonstrated that EA treatment specifically improved symp-
toms of nausea, vomiting, stomach fullness, excessive fullness 
and bloating. There was no statistically significant difference 
in the gastric half-emptying time among patients prior to and 
after EA monotherapy. These preliminary results suggested 
that EA may be an option for improving mild symptoms in 

patients with diabetic gastroparesis, whereas combination 
therapy involving EA and pharmaceutics is required in patients 
with severe symptoms.

Introduction

Diabetic gastroparesis is a common and debilitating disease 
affecting millions of patients with diabetes mellitus world-
wide (1). Up to 50% of patients with type 1 or type 2 diabetes 
may suffer from gastroparesis, which can occur as a result of 
nutritional deficiency, poor glycemic control and psychological 
distress. Gastroparesis affects the quality of life of the patient 
and the management of diabetes (1-3). Current pharmaco-
logical therapies available for the treatment of gastroparesis 
have low effectiveness in drug resistant and non-responding 
patients.

In previous years, electroacupuncture (EA) has been 
widely used to treat patients with symptoms suggestive of 
gastroparesis (4-8). EA has potential benefits for the control of 
disorders of gastrointestinal motility in a more systematic way 
compared with other alternative therapies (9-12). Three small, 
randomized pilot studies demonstrated that EA effectively 
alleviated the symptoms of diabetic gastroparesis; however, 
the overall efficiency was not satisfactory (4,6,7). The possible 
cause of the contrasting results may be a result of a failure 
to categorize the patients according to the severity of their 
symptoms (4,6-8). A study by Wang (5) showed that the effect 
of acupuncture was superior to that of drug treatment (with 
respect to domperidone) in terms of symptom alleviation, with 
a total efficacy rate of 94%. However,  the abovementioned 
study did not analyze the association between the severity 
of symptoms and the efficiency of the treatment. At present, 
detailed information regarding the treatment with EA has yet 
to be provided. The present study investigated whether EA 
is effective in patients with severe symptoms suggestive of 
gastroparesis and evaluated the effects of combination therapy 
of EA and mosapride.

Materials and methods

Patients. A total of 56 patients with type 2 diabetes mellitus 
who had symptoms suggestive of gastroparesis for >3 months, 
and had not received treatment with prokinetics or other 
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medications that may affect gastrointestinal motility in the 
previous 3 weeks, were enrolled in the present study. All 
the patients were recruited from clinical departments or the 
endocrinopathy and gastroenteropathy ward of Qianfoshan 
Hospital Affiliated to Shandong University (Jinan, China) 
from January 2011 to May 2012. Insulin was administered 
to patients if required. Endoscopy or abdominal X-ray 
examination was performed to exclude patients with primary 
gastrointestinal diseases if necessary. None of the patients had 
previously undergone surgical treatment on the gastrointestinal 
tract. The patients whose symptoms were severe enough for 
the clinician to consider nutritional support or other strategy, 
and those with severe complications (end-stage renal disease, 
coronary artery disease, stroke, cancer or lung disease) were 
also excluded from the study. Patient safety was evaluated by 
a daily assessment of adverse events. All patients received a 
daily physical examination from the commencement of the 
trial, and were continuously monitored by telephone interview 
for 7 days after treatment. The study protocol was approved 
by the Ethics Review Committee of Qianfoshan Hospital 
Affiliated to Shandong University. Written informed consent 
was obtained from all patients or their families.

Gastroparesis Cardinal Symptom Index (GCSI) assessment. 
GCSI, a validated questionnaire consisting of 3 subscales, 
was used to assess the predominant symptoms associated 
with gastroparesis, including: Postprandial fullness/early 
satiety, nausea/vomiting and bloating. GCSI total scores 
ranged between 0 and 5, with a higher score indicating greater 
symptom severity. Symptom severity was classified as mild 
(GCSI score <3.5) or severe (GCSI score ≥3.5) (13,14). The 
patients were divided into two groups according to their GCSI 
scores as follows: i) Mild group (n=33) and ii) severe group 
(n=23). However, 2 patients from the severe group dropped out 

of the study during the initial treatment session; therefore, only 
21 patients from the severe group completed the study. In the 
first phase of the study, all patients received EA treatment once 
a day for 14 consecutive days. Individual and total GCSI scores 
were recorded each day in the morning prior to treatment. At 
the end of the 14-day treatment period, patients were consid-
ered to be non-responsive if the severity score was not reduced 
by >25% from the baseline, and were then transferred to the 
second phase for combination therapy (EA and mosapride 
tablet) for a further 14 days (Fig. 1). The average frequency of 
vomiting of every patient on each day during each treatment 
session was also evaluated.

EA and mosapride administration. All acupuncture techni-
cians had clinical and educational experience of >10 years, and 
had attained the corresponding certifications. Zusanli (ST36) 
and Neiguan (PC6) were selected as acupuncture points, as 
they have been reported to be effective stimulating points for 
improving gastroparesis (9-12). The acupuncture needle was 
inserted into the points, and stimulation was performed by 
acupuncture needles using an electroacupuncture apparatus 
(model G6805-2A; Shanghai Huayi Medical Instrument 
Factory, Shanghai, China) at a frequency of 25 Hz and an 
amplitude of 10-30 mA for a tolerable stimulation. Each daily 
treatment session lasted for 30 min. Mosapride, a drug shown to 
effectively reduce the symptoms of diabetic gastroparesis, was 
selected for the combination therapy (15). Mosapride (5 mg per 
tablet; Sumitomo Pharmaceutical Suzhou Co., Suzhou, China) 
was orally administered at a dose of 5 mg 3 times a day for 2 
consecutive weeks.

13C‑octanoic acid breath test. Gastric emptying was assessed 
by the 13C-octanoic acid breath test (16,17). All patients fasted 
overnight (≥8 h) and consumed a standard test meal, consisting 

Figure 1. Study flowchart to show the movement of patients throughout the study. GCSI, Gastroparesis Cardinal Symptom Index; EA, electroacupuncture.
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of a raw egg mixed with 100 mg 13C-octanoic acid (99% 13C) 
fried into an omelet and served with 2 pieces of white bread 
(420 kcal) and 150 ml plain water. Each test meal was consumed 
within 10 min. The 13C concentration was measured by isotope 
ratio mass spectrometry (Breath MAT plus; Finnigan GmbH, 
Bremen, Germany) prior to the test meal and every 15 min 
for 4 h after the meal. Changes in 13C concentrations at each 
time-point from baseline were analyzed to assess the gastric 
half-emptying time.

Statistical analysis. All evaluations were performed using 
SPSS statistical software (version 17.0; SPSS, Inc., Chicago, 
IL, USA). Non-parametric tests were performed by means of 
the Mann-Whitney U-test. Parametric tests used included the 
Student's t-test. All values are presented as the mean ± stan-
dard deviation. P≤0.05 was considered to indicate a statistically 
significant difference. All analyses pertaining to efficacy were 
based on two-sided tests.

Results

Patient demographics and gastric half‑emptying. The patient 
demographics of all 56 patients included in the present 
study and their baseline characteristics were summarized 
in Table I. With the exception of the severity of symptoms 
at baseline (referring to GCSI total and individual scores), 
there were no differences between the two groups in terms 
of patient demographics (age, gender and body mass index) 
and clinical characteristics (diabetes duration and glycated 
hemoglobin). The gastric half-emptying time of patients was 
not significantly different between the mild and severe groups. 
No adverse events were observed during or after the trial.

EA or mosapride monotherapy alleviates symptoms and 
significantly reduces GCSI total scores in mild diabetic 
gastroparesis, while combination therapy is necessary 
for patients with severe symptoms. To assess the efficacy 
of EA monotherapy and combination therapy on diabetic 
gastroparesis, a GCSI assessment was performed. A total 
of 54 patients completed the study, including all 33 patients 
in the mild group and 21 patients in the severe group. Two 
patients in the severe group were dropped of the study due 
to severe vomiting that required medication during the first 
treatment session. These patients were aged 68 and 72 years, 

respectively, which was greatly above the average age of the 
treatment group. In addition, the diabetic duration of these 
patients was much longer than the average course. In the mild 
group, EA treatment resulted in significantly reduced GCSI 
total scores at the end of week 2 (P=0.016). Furthermore, 
the average reduction of the GCSI total score was >25%. In 
addition, analysis of the severe group showed that EA treat-
ment failed to alleviate the symptoms of gastroparesis. There 
were 20 patients with no response to EA treatment (3 from 
the mild subgroup and 17 from the severe subgroup), and 
these patients achieved significantly  improved GCSI  total 
scores after combination therapy (P=0.013; Table II). By 
analysis of categorical outcomes, numerical improvements 
were obtained for all individual scores; however, statistical 
significance was only observed in individual symptom scores 
for nausea, vomiting, stomach fullness, excessive fullness 
and bloating (Fig. 2). Although EA treatment did not alle-
viate all symptoms experienced by the severe group, it was 
beneficial to individual symptom scores of vomiting, stomach 
fullness and excessive fullness. After 6 days of treatment, in 
the mild group the GCSI total scores were observed to be 
reduced, and the highest efficacy was achieved on day 10. For 
non-responding patients, the scores began to improve on day 4 
and plateaued on day 8 after the initiation of the combination 
therapy (Fig. 3). These results indicated that EA monotherapy 
alleviated symptoms and resulted  in significantly reduced 
GCSI total scores in patients with mild diabetic gastroparesis, 
while combination therapy was necessary for patients with 
severe symptoms.

EA treatment and combination with mosapride reduces 
the frequency of vomiting in patients with mild and severe 
diabetic gastroparesis, respectively. To determine the effect of 
EA and mosapride on vomiting, the frequency of vomiting was 
assessed during the EA and combination treatment periods. 
The frequency of vomiting on each day experienced by mild 
and non‑responding patients after treatment were significantly 
reduced compared with those prior to treatment (P=0.04 and 
P=0.02, respectively; Fig. 4). These results suggested that EA 
mono-treatment reduced the frequency of vomiting in patients 
with mild diabetic gastroparesis, while combined EA and 
mosapride treatment reduced the frequency of vomiting in 
patients not responding, which mainly comprised those with 
severe diabetic gastroparesis.

Table I. Patient demographics prior to treatment. 

Characteristics Mild group (n=33) Severe group (n=23) P-value

Age (years) 53.6±11.2 60.5±9.2 >0.05
Gender (male/female) 11/10 11/8 >0.05
Diabetes history (years) 9.7±3.1 11.9±7.7 >0.05
Mean body mass index (kg/m2) 27.9±5.6 27.7±6.1 >0.05
HbA1c (%) 6.5±0.5 6.7±1.0 >0.05
Gastric half-emptying time (min) 126.3±28.2 140.3±19.2 >0.05

Values are expressed as the mean ± standard deviation. Depending on symptom severity, patients were stratified into the mild (GCSI score <3.5; 
n=33) and the severe (GCSI score ≥3.5; n=23) groups. HbA1c, glycated hemoglobin; GCSI, Gastroparesis Cardinal Symptom Index.
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EA and mosapride combination treatment significantly 
reduces gastric half‑emptying time. To evaluate gastric 
emptying time, the 13C-octanoic acid breath test was employed. 
The gastric half-emptying time in the mild group was slightly 
but not significantly decreased after EA (126.3±28.2 vs. 
113.8±27.3 min; P=0.078). In the severe group, the gastric 

half-emptying time was not altered after 2 weeks of EA therapy 
(140.3±19.2 vs. 133.8±13.2 min; P=0.096); however, it was 
significantly decreased in the non‑responding group following 
combination therapy (128.7±30.1 vs. 98.8±12.4 min; P=0.018). 
These results indicated that the gastric half-emptying time was 
significantly reduced by the combination treatment.

Figure 2. Changes of GCSI total scores and individual symptom scores prior to and after EA treatment for 14 days for the mild and severe groups or after 
an additional 14 days of EA and mosapride combination therapy for the non-responding group. GCSI, a validated questionnaire consisting of 3 subscales, 
was used to assess the major symptoms associated with gastroparesis: Postprandial fullness/early satiety, nausea/vomiting and bloating. GCSI total scores 
ranged between 0 and 5, with a higher score indicating greater symptom severity. Depending on symptom severity, patients were stratified into the mild (GCSI 
score <3.5; n=33) and the severe (GCSI score ≥3.5; n=21) groups. The non‑responding group (n=20) comprised 3 patients from the mild and 17 patients from 
the severe group at day 14, who were treated with combination therapy for a further 14 days. The numbers above the error bars are P-values, compared with 
those at baseline (for the mild and severe groups) or compared with those prior to the initiation of combination therapy (for the non-responding group). GCSI, 
Gastroparesis Cardinal Symptom Index; EA, electroacupuncture.

Table II. Parameters prior to and after treatment.

 Mild subgroup (n=33) Severe subgroup (n=21) Non-responding subgroupa (n=20)
 ------------------------------------------------------------ ----------------------------------------------------------- -------------------------------------------------------------
Parameter Baseline At 2 weeks P-value Baseline At 2 weeks P-value At 2 weeks At 4 weeks P-value

GCSI score
  Total 2.25±0.54 1.25±0.19 0.016 3.96±0.60 3.58±0.52 >0.05 4.16±0.36 3.07±0.49 0.013
  Nausea 2.53±0.69 1.42±0.34 <0.001 4.01±0.39 3.58±0.23 >0.05 4.21±0.56 3.23±0.12 0.027
  Retching 2.63±0.64 2.21±0.32 >0.05 4.03±0.54 3.71±0.23 >0.05 3.98±0.34 3.52±0.14 >0.05
  Vomiting 2.01±0.62 0.63±0.34 <0.001 3.71±0.62 2.99±0.18 0.040 3.64±0.12 2.44±0.33 <0.001
  Stomach fullness 2.75±0.63 1.89±0.41 0.038 4.56±0.54 4.05±0.58 0.047 4.62±0.34 3.70±0.64 0.033
  Early satiety 2.75±0.54 2.37±0.26 >0.05 3.78±0.79 3.49±0.68 >0.05 4.08±0.32 3.61±0.23 >0.05
  Excessive fullness 2.55±0.76 1.33±0.66 <0.001 3.85±0.45 3.21±0.32 0.049 4.05±0.42 3.04±0.54 0.030
  Loss of appetite 2.08±0.86 1.83±0.76 >0.05 3.92±0.44 3.79±0.56 >0.05 4.10±0.33 3.87±0.45 >0.05
  Bloating 2.05±0.63 1.40±0.41 0.036 4.12±0.72 3.78±0.88 >0.05 3.99±0.15 3.32±0.34 0.035
  Abdominal distension 1.21±0.98 0.98±0.72 >0.05 3.56±0.46 3.41±0.65 >0.05 3.69±0.12 3.24±0.15 >0.05
Gastric half emptying  126.3±28.2 113.8±27.3 0.078 140.3±19.2 133.8±13.2 0.096 128.7±30.1 98.8.0±12.4 0.018
time (min)
 
Values are expressed as the mean ± standard deviation. Depending on symptom severity, patients were stratified into the mild (GCSI score <3.5; 
n=33) and the severe (GCSI score ≥3.5; n=21) groups, who were treated by electroacupuncture. aThe non-responding group (n=20) comprised  
3 patients from the mild and 17 patients from the severe group at day 14, who were treated for a further 14 days by combination therapy. GCSI, 
Gastroparesis Cardinal Symptom Index.
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Discussion

Patients with diabetic gastroparesis may have mild or severe 
symptoms. EA or prokinetic agents are typically adminis-
tered to alleviate the symptoms; however, patients may show 
different responses to the treatments. The findings of the 
present study suggested that EA significantly alleviates mild 
symptoms of gastroparesis and the results are consistent with 

those of previous studies (4,5,7). Among the 34 patients with 
early responses to EA treatment, 30 had mild symptoms, while 
only 3 patients had severe symptoms. However, EA failed to 
relieve the symptoms in the severe group. The results indicated 
that a higher total GCSI score was associated with an unfavor-
able response to EA. However, non-responding patients, either 
from the mild or severe subgroup, showed significant alle-
viation of symptoms at the final evaluation after combination 
treatment. The 3 non-responding patients in the mild symptom 
group had a longer duration of upper gastrointestinal symp-
toms and a higher age compared with the remaining patients. 
However, whether the differences in diabetes history and age 
had a clinically significant effect cannot be concluded from 
the present study. Therefore, the treatment modality, namely 
combined treatment rather than EA therapy alone, should be 
selected based on the severity of the symptoms. Combination 
treatment involving EA and mosapride is an optimal treatment 
option for patients with diabetic gastroparesis with severe 
symptoms.

EA has been reported to improve or normalize gastric 
dysrhythmia via the vagal pathway, and to increase plasma 
pancreatic polypeptide levels in humans (4,7). Acupuncture 
restores the balance of parasympathetic and sympathetic 
nerves, the disturbance of which is considered to be the 
sole cause of gastrointestinal dysmotility in diabetes 
mellitus (18,19). In addition, EA has been demonstrated to 
modulate gastric motility through regulating the expression 
of transient receptor potential vanilloid 1, a Ca2+-permeable 
non-selective cation channel that has important physi-
ological functions in peripheral and central nervous 
systems (20,21). In recent decades, numerous studies on 
patients and animals have been performed to elucidate the 
effects of acupuncture on gastric myoelectrical activity as 
well as the underlying mechanisms (4-12,18-24). However, 
the exact mechanisms by which acupuncture improves 
gastric motility and dyspeptic symptoms have yet to be 
elucidated.

Although acupuncture has been reported to accelerate 
gastric emptying in animals and patients (6,7,10,25,26), the 
data of the present study are not fully consistent with this. 
Gastroparesis symptoms may be incited by various etiologies, 
including functional dyspepsia and chronic gastritis. Delayed 
gastric half-emptying has been observed in ~35% of patients 
with functional dyspepsia (27,28). In the present study, a 
cohort of patients was selected based on clinical symptoms 
suggestive of gastroparesis. Therefore, the patients enrolled in 
the present study cannot be assumed to have delayed gastric 
half-emptying times. Previous studies have demonstrated an 
insignificant correlation between the gastric emptying rate and 
upper gastrointestinal symptom severity or symptom allevia-
tion in patients with diabetes (29,30), and the gastric emptying 
rate is reportedly also affected by plasma glucose levels and 
gender (31). In the present study, no statistically significant 
difference was detected in terms of gastric emptying rate prior 
to and following EA mono-treatment in all patients, which 
may be due to the small sample size of the study and the afore-
mentioned factors.

Patients with gastroparesis display symptoms including 
nausea, vomiting, excessive fullness and bloating. In order to 
investigate the different effects of EA on specific symptoms, 

Figure 3. Time-dependent alleviation of Gastroparesis Cardinal Symptom 
Index total scores associated with gastroparesis by electroacupuncture 
or combination therapy. GCSI, a validated questionnaire consisting of  
3 subscales, was used to assess the symptoms: Postprandial fullness/early 
satiety, nausea/vomiting and bloating. GCSI total scores ranged between  
0 and 5, with a higher score indicating a greater symptom severity. Depending 
on symptom severity, patients were stratified into the mild (GCSI score <3.5; 
n=33) and the severe (GCSI score ≥3.5; n=21) groups. The non‑responding 
group (n=20) comprised 3 patients from the mild and 17 patients from the 
severe group at day 14, who were treated with combination therapy for a 
further 14 days. GCSI, Gastroparesis Cardinal Symptom Index.

Figure 4. Average frequency of vomiting prior to and after treatment. The 
frequency of vomiting for each day on which patients experienced vomiting 
prior to and after electroacupuncture monotherapy for 14 days or combina-
tion therapy for an additional 14 days was recorded.
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GCSI individual scores were evaluated prior to and after EA 
treatment in the present study. In the present study, significant 
alleviation was observed in nausea, vomiting, stomach full-
ness, excessive fullness and bloating after EA treatment in 
early-responding patients, while other symptoms were only 
slightly alleviated. Although patients in the severe group 
failed to respond to EA according to GCSI individual scores, 
they experienced significant alleviation in levels of vomiting, 
stomach fullness and excessive fullness. Previous reviews also 
showed evidence of the efficacy of acupuncture in reducing 
nausea and vomiting (32,33).

In addition, the present study found that EA did not have 
any effect after 1 day of treatment, and significant alleviation 
of symptoms appeared to occur between days 7 and 9. This 
indicated that repeated treatment with EA may be required to 
achieve a satisfactory effect in clinical practice. By contrast, 
an extended treatment time may not be beneficial. Between 
days 7 and 9, the effects reached a peak and fluctuated 
slightly between days 9 and 14. Therefore, excessively long 
EA treatment is not necessary. Of note, in EA and mosapride 
combination therapy, the onset and peak time were advanced. 
This indirectly suggests that EA may enhance the effects of 
mosapride. Therefore, it can be speculated that EA may enable 
a reduction in the dose of prokinetics in clinical practice. A 
previous study demonstrated the association between the use 
of another prokinetic, domperidone, and sudden cardiac death 
at doses of >30 mg/day (34).

In conclusion, the present study suggested that EA 
combined with mosapride may be an optimal treatment for 
patients with severe diabetic gastroparesis symptoms, although 
EA alone is effective for alleviating mild symptoms. However, 
the sample size in the present study was not of sufficient size 
and further studies are required to investigate its optional use 
in clinical practice.
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