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Abstract 

Background: Pediatric Tuina has beenwidely used in children with acute diarrhea in China. However, due to the lack 
of high-quality clinical evidence, the benefit of Tuina as a therapy is not clear. We aimed to assess the effect of pedi-
atric Tuina compared with sham Tuina as an add-on therapy in addition to usual care for 0–6-year-old children with 
acute diarrhea.

Methods: Eighty-six participants aged 0–6 years with acute diarrhea were randomized to receive pediatric Tuina plus 
usual care (n = 43) or sham Tuina plus usual care (n = 43). The primary outcomes were days of diarrhea from baseline 
and times of diarrhea on day 3. Secondary outcomes included a global change rating (GCR) and the number of days 
when the stool characteristics returned to normal. Adverse events were assessed.

Results: Pediatric Tuina was associated with a reduction in times of diarrhea on day 3 compared with sham Tuina in 
both ITT (crude RR, 0.73 [95% CI, 0.59–0.91]) and PP analyses (crude RR, 0.66 [95% CI, 0.53–0.83]). However, the results 
were not significant when we adjusted for social demographic and clinical characteristics. No significant difference 
was found between groups in days of diarrhea, global change rating, or number of days when the stool characteris-
tics returned to normal.

Conclusions: In children aged 0–6 years with acute diarrhea, pediatric Tuina showed significant effects in terms of 
reducing times of diarrhea compared with sham Tuina. Studies with larger sample sizes and adjusted trial designs are 
warranted to further evaluate the effect of pediatric Tuina therapy.

Trial registration: Clinicaltrials.gov, Identifier: NCT03 00582 1, Data of registration: 2016-12-29.
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Background
Pediatric acute diarrhea is the most common cause of 
morbidity, mortality and presentation at health services 
in low- and middle-income countries [1, 2]. Although 
diarrhea mortality has declined substantially in the past 

25 years, diarrhea remains one of the leading causes of 
death among children younger than 5 years old and has 
become an important global health problem as well as a 
heavy burden of disease [1, 3, 4]. In view of the severity 
of pediatric diarrhea, it is very important to seek effec-
tive treatments to reduce morbidity and mortality due to 
diarrhea.

Although the methods recommended by the World 
Health Organization (WHO) played an important role 
in the treatment of diarrhea, some interventions, such 
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as zinc supplementation and oral rehydration solution 
(ORS), were not easily accepted by children or their 
parents, which might lead to low compliance and con-
sequently impact the treatments’ effect [5–7]. A survey 
showed that the coverage and demand of ORS in many 
developing countries were very low, with less than 40% of 
children under 5 years old receiving ORS as a treatment 
for diarrhea [8]. If children with diarrhea are not treated 
in a timely and appropriate manner, dehydration, electro-
lyte imbalance, or even death may occur.

Pediatric Tuina is one of the therapeutic methods in 
traditional Chinese medicine (TCM). As it is simple, high 
performing, and cost-effective, pediatric Tuina is widely 
used in China and is more easily accepted by children 
than other kinds of treatment, such as medication [9]. 
Based on TCM Zang-Fu organ theory and meridian the-
ory, pediatric Tuina is used to treat common diseases in 
children by using a series of manual manipulation tech-
niques at specified locations on the surface of the body 
[10]. Most acupoints of children are located primarily 
on the fingers, palms, arms, head, abdomen and back 
and include points such as yiwofeng, neibagua, and liufu, 
which are different from the standard human acupoints 
in adults [11].

Early studies have suggested potential benefits of pedi-
atric Tuina in relieving symptoms of acute diarrhea and 
reducing the incidence of acute diarrhea [12–15]. Some 
researchers found that Tuina, massage or other similar 
touch therapy on children might adjust the level of corti-
cal hormone, dopamine or insulin to accelerate the blood 
and lymph circulation, improve the function of the gas-
trointestinal system, or reduce the level of inflammatory 
mediators [16–20]. The evidence of an effect of pediatric 
Tuina compared with controls is inclusive. In a meta-
analysis by Li Gao et al., pediatric massage showed a sig-
nificantly better effect in terms of the clinical effective 
rate, clinical cure rate, and cure time than pharmacother-
apy among children with acute diarrhea [21]. Another 
meta-analysis demonstrated that pediatric Tuina was 
superior to conventional medicine in improving the clini-
cal cure rate and in decreasing the duration of acute diar-
rhea and daily stool frequency in children under 5 years 
old [22]. However, the low methodological quality, such 
as inappropriate random sequence generation and alloca-
tion concealment, as well as imperfect blinding in these 
studies, weakened the validity of their findings [23] and 
hampered widespread application of Tuina in clinical 
practice. Few well-designed randomized controlled trials 
(RCTs) have been performed to demonstrate the effect 
of pediatric Tuina among children with acute diarrhea. 
Therefore, the purpose of this trial was to assess the effect 
of pediatric Tuina, compared with sham Tuina, as an 
add-on therapy in addition to usual care for 0–6-year-old 

children with acute diarrhea. The hypothesis of our study 
was that pediatric Tuina can reduce times of diarrhea 
and/or shorten the duration of diarrhea.

Methods
Study design
The randomized, double-blind, sham-controlled trial was 
designed by Guangdong Provincial Hospital of Chinese 
Medicine and conducted in Dongguan Kanghua Hospi-
tal in Guangdong Province, China, from January 2017 
to October 2019. The trial was approved by both ethics 
committees at Guangdong Provincial Hospital of Chinese 
Medicine and Dongguan Kanghua Hospital. The trial has 
been registered at ClinicalTrials.gov (NCT03005821), 
and the study protocol has been published [24]. Writ-
ten informed consent was obtained from all partici-
pants’ guardians or parents by trained investigators. Oral 
informed consent was also obtained when the children 
were between 3 and 6 years of age.

Participants
Participant recruitment was performed in Dongguan 
Kanghua Hospital in Guangdong Province, China, from 
January 2017 to October 2019. Inclusion criteria included 
1) children aged 0–6 years; 2) the first occurrence of diar-
rhea within 72 h;3) children who met the acute diarrhea 
diagnostic criteria identified by Shen and Wang [25] and 
the WHO [26]; 4) stool frequency equal to or greater 
than 5 times per day; 5) no concurrent involvement 
in any other clinical trial; 6) guardians or parents able 
to coordinate care during the clinical trial; and 7) writ-
ten informed consent signed by children’s guardians or 
parents. Exclusion criteria included 1) a history of Chi-
nese pediatric Tuina on hands; 2) diagnosis of cholera or 
malaria; 3) children with any of the following conditions 
on the area to be manipulated: phlebitis, open wound, 
fracture, or tissue damage; and 4) children with any of the 
following complications: severe dehydration, metabolic 
acidosis, disorders of consciousness, seizures, twitching, 
shock, or azotemia. Demographic and clinical charac-
teristics data were obtained through questionnaires in a 
separate room at each visit.

Randomization and masking
Participants were randomly allocated in a 1:1 ratio to 
receive pediatric Tuina or sham Tuina by using a com-
puter-generated random sequence. Allocation conceal-
ment was ensured by sealed envelopes generated by an 
independent statistician and was not available to any 
member of the research team until completion of anal-
ysis. The patients, caregivers, research staff, outcome 
assessors and data statisticians were all blinded to group 
assignment. Tuina therapists were not blinded, as sham 
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Tuina was practiced differently from real pediatric Tuina. 
However, Tuina therapists were not allowed to share any 
information in terms of patients’ intervention with either 
patients, guardians/parents or any researchers, including 
outcome assessors and data statisticians.

To ensure successful blinding implementation, the 
therapists performed manipulations under an opaque 
cloak-shaped device [24], which was large enough to 
cover the upper body and arms of a child who was 6 years 
old or younger. Two narrow holes were made for thera-
pists to insert their hands through and perform Tuina.

Interventions
The participants in both groups received usual care, 
including montmorillonite powder and racecadotril 
granules. Intravenous infusion, ORS, zinc or antibiotics 
were administered if the pediatrician in charge consid-
ered it necessary.

In addition to usual care, eligible children received 
either Chinese pediatric Tuina or sham pediatric Tuina 
for 15–25 min, once per day, for 3 consecutive days. Fol-
low-up evaluations were performed on day 7 and day 14.

Two qualified therapists were involved in this trial, one 
of them had 2 years’ and the other had 3 years’ experi-
ences in pediatric Tuina practice. Before the manipula-
tion, all therapists were trained to ensure identical Tuina 
treatment according to standard operating procedures. 
When receiving therapy, the older children sat either on 
a bed or on a stool, and the children under 2 years old sat 
on their caregiver’s lap. Tuina treatment in the interven-
tion group was performed on the surface of the children’s 
body using moderate pressure (Fig. 1a). Tuina treatment 

in the control group was different: the therapist used one 
hand to hold the child’s hand or put one hand on the 
child’s body, while the other hand performed manipula-
tions on the therapist’s own hand instead of the child’s 
hand or body (Fig. 1b).

The standardized Tuina therapy prescription for two 
groups included six acupoints suggested by a panel of 
five pediatric Tuina experts who had at least 10 years of 
clinical experience in this area. Manipulation times for 
each acupoint depended on the age of the child. Detailed 
information on the Tuina acupoints, manipulation times 
and methods is provided in Additional file 1: Table 1.

Outcomes
The primary outcomes were 1) days of diarrhea from 
baseline and 2) times of diarrhea on day 3. Days of diar-
rhea referred to the number of days from baseline to the 
first day that the frequency of diarrhea was reduced to 
equal to or less than twice per day within the treatment 
and follow-up period. Times of diarrhea were evaluated 
on day 3 of intervention. In this study, we defined the 
baseline and the 1st day of intervention as the same day.

Secondary outcomes included the following: 1) A global 
change rating (GCR): the GCR described a patient’s 
overall clinical state as a “global impression” as indepen-
dently obtained by the assessor and was evaluated on 
day 7 and day 14 from baseline. The GCR was based on 
a 5-point scale as follows: “much better”, “slightly bet-
ter”, “unchanged”, “slightly worse”, and “much worse”. It 
was applied as an assessor-assistant parents reported 
outcome, i.e. in the absence of research staff and Tuina 
therapists, the assessor read out the sentence of GCR 

Fig. 1 Pediatric Tuina manipulation methods for Tuina group (a) and for Sham Tuina group (b)
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word-by-word to the child’s parents and recorded accord-
ing to their choices. As no one reported “slightly worse” 
or “much worse”, we further combined the categories 
into “much better” and “slightly better or unchanged”; 2) 
number of days when the stool characteristics returned 
to normal: the number of days from baseline to the first 
day that the stool characteristics returned to normal 
within the treatment and follow-up period. In addition, 
treatment-emergent adverse events (AEs) that occurred 
during the entire Tuina treatment were collected by AE 
report forms. The Principal Investigator and the Institu-
tional Review Board who were blinded to treatment allo-
cation reviewed all adverse events.

Two assessors were involved in this study. They were 
trained according to the Tuina protocols before the study 
started. The inter-observer reliability was good.

Covariates
We collected information via questionnaires on demo-
graphic and clinical characteristics, including the child’s 
age, sex, height, weight, medical history, birth character-
istics, allergy, feeding methods, clinical symptoms and 
types of treatment/medication before randomization and 
details of usual care during the study period in the cur-
rent disease.

Sample size
The sample size of this study was estimated based on 
the two primary outcome measures. Estimation accord-
ing to diarrhea days was based on results from previous 
studies [27], which established diarrhea days in children 
as 2.1 days after receiving Tuina plus usual care, and the 
estimated standard deviation was 1.4. Diarrhea days in 
children after receiving usual care was 4.0, and the esti-
mated standard deviation was 3.5. We needed 70 par-
ticipants to achieve 90% power at α = 0.05 (two-sided). 
Assuming a dropout rate of 20%, we needed to enroll 84 
participants in total (42 in each group).

Estimation according to diarrhea times was likewise 
based on reference from previous studies [28], which 
established diarrhea times in children as 4.1 times per 
day after receiving Tuina plus usual care, and the esti-
mated standard deviation was 1.5. Diarrhea times of chil-
dren after receiving usual care were 6.2 times per day, 
and the estimated standard deviation was 4.8. We needed 
102 participants to achieve 90% power at α = 0.05 (two-
sided). Assuming a dropout rate of 20%, we enrolled 122 
participants in total (61 in each group).

Based on these results, we planned to choose the larger 
sample size (122 participants) for the estimated final trial 
sample size.

Statistical analysis
Social demographic and clinical characteristics of the 
participants were presented as number (%) for cat-
egorical variables, mean (standard deviation, SD) for 
normally distributed continuous variables, and media 
(interquartile range, IQR) for nonnormally distrib-
uted continuous variables. Group comparisons were 
performed using t tests for continuous variables and 
chi-square tests or Fisher’s exact test for binary or cat-
egorical variables.

According to the prespecified statistical analysis plan 
[24], the association of Tuina with primary and second-
ary outcomes was analyzed by the intention-to-treat 
(ITT) and per-protocol (PP) approaches, respectively. 
For ITT analysis, we included all participants after ran-
domization, regardless of whether they completed the 
treatment or adhered to the protocol. For PP analysis, 
we only included the participants who complied with the 
whole treatment. For the primary outcomes and number 
of days when the stool characteristics returned to normal 
(i.e., count data outcomes), we used a Poisson regression 
model and reported risk ratios (RRs) with 95% CIs for the 
studied associations. For GCR (i.e., binary outcome), we 
used a logistic regression model and reported odds ratios 
(ORs) with 95% CIs for the studied associations. In all 
models, we adjusted for covariates that were described in 
the previous section.

To assess if the age-dependent manipulation times 
influence the studied associations, we conducted a sup-
plementary analysis for children younger than 2 years 
(n = 63). Analyses for children ages 2- < 4 years (n = 16) 
and 4–6 years (n = 5) were not done due to lack of power.

Statistical analysis was performed using SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA). A two-sided 
P < 0.05 indicated statistical significance.

Results
In total, 2031 children with acute diarrhea were screened 
at Dongguan Kanghua Hospital from January 8, 2017, 
through October 2019, of which 1689 were ineligible and 
256 were eligible but could not be enrolled for a variety 
of reasons (Fig.  2). After exclusion, 86 children under-
went randomization:43 children were randomized to the 
pediatric Tuina group and 43 to the sham Tuina group. 
Two children from the sham Tuina group did not accept 
Tuina intervention. A total of 84 children were included 
in the ITT analyses, whereas 68 patients were included in 
the PP analyses (33 in the pediatric Tuina group and 35 in 
the sham Tuina group) (Fig. 2). No difference was shown 
between the included and excluded patients in terms of 
the demographic and clinical characteristics (Additional 
file 1: Tables 2 and 3).
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The baseline demographic and clinical characteristics 
were generally similar between the two groups (Table  1 
and Additional file  1: Table  4). The mean (SD) age was 
18.7 (14.3) months for all children. The hours of diarrhea 
before randomization, times of diarrhea during the past 

24 h before randomization, and stool characteristics were 
balanced between the two groups.

Additionally, the usual care and concomitant treat-
ments that were administered during the study period 
were balanced between the two groups, with one excep-
tion: the sham Tuina group received Chinese patent 

1945 Excluded
1689 Did not meet inclusion criteria and met 

exclusion criteria
212 Declined to participate or preferred doctors 

to decide their treatments rather than to be randomized
15  Children unwilling to receive treatment 
6  Unable to cooperate with treatment due to 

schedule conflicts
23  Other

2031 patients assessed for eligibility 

86 Underwent randomization

43 Allocated to Chinese pediatric Tuina
plus usual care group

43 Accepted intervention

43 Allocated to sham Tuina plus usual care group
41 Accepted intervention
2 Did not accept intervention due to children’s 

refusal 

10 Lost to follow up on day 2 or/and day 3
3 Can not be contacted
4 Children unwilling to receive treatment
2 Schedule conflicts
1 Parents refused to continue treatment

33 Included in PP analysis 35 Included in PP analysis

6 Lost to follow up on day 2 or/and day 3
3 Can not be contacted
2 Children unwilling to receive treatment
1 Schedule conflicts

43 Included in ITT analysis 41 Included in ITT analysis

5 Lost to follow up on day 7 6 Lost to follow up on day 7

6 Lost to follow up on day 14 5 Lost to follow up on day 14

Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) Diagram for a Trial of pediatric Tuina on children with acute diarrhea
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Table 1 Baseline demographic characteristics of the participating children (N = 84)

P-values based on T-test for continuous variable and Chi-square test or Fisher’s exact test (when expected cell counts less than 5) for binary or categorical variable

SD Standard deviation

Characteristics All Sham Tuina (N = 41) Pediatric Tuina (N = 43) P value

Age (month, mean[SD]) 18.7 (14.3) 19.0 (15.1) 18.4 (13.7) 0.87

 0 - < 24 (N[%]) 63 (75.00) 32 (78.05) 31 (72.09) 0.15

 24 - < 48 (N[%]) 16 (19.05) 5 (12.20) 11 (25.58)

 48–72 (N[%]) 5 (5.95) 4 (9.76) 1 (2.33)

Sex (N[%])

 Male 48 (57.14) 20 (48.78) 28 (65.12) 0.13

 Female 36 (42.86) 21 (51.22) 15 (34.88)

Height (cm) 79.1 (14.0) 78.3 (16.8) 79.8 (11.3) 0.66

Weight (kg) 10.6 (3.5) 10.5 (3.4) 10.8 (3.6) 0.68

History of neonatal disease (N[%])

 No 61 (72.62) 33 (80.49) 28 (65.12) 0.18

 Yes 22 (26.19) 8 (19.51) 14 (32.56)

 Unknown/Missing 1 (1.19) 0 (0.00) 1 (2.33)

History of infectious disease (N[%])

 No 73 (86.90) 35 (85.37) 38 (88.37) 0.68

 Yes 11 (13.10) 6 (14.63) 5 (11.63)

History of digestive disease (N[%])

 No 74 (88.10) 36 (87.80) 38 (88.37) 0.94

 Yes 10 (11.90) 5 (12.20) 5 (11.63)

History of respiratory disease (N[%])

 No 63 (75.00) 28 (68.29) 35 (81.40) 0.25

 Yes 20 (23.81) 12 (29.27) 8 (18.60)

 Unknown/Missing 1 (1.19) 1 (2.44) 0 (0.00)

History of other disease (N[%])

 No 68 (80.95) 31 (75.61) 37 (86.05) 0.22

 Yes 16 (19.05) 10 (24.39) 6 (13.95)

Mode of delivery (N[%])

 Vaginal 48 (57.14) 24 (58.54) 24 (55.81) 0.80

 Cesarean 36 (42.86) 17 (41.46) 19 (44.19)

Gestational age (N[%])

 Term 80 (95.24) 41 (100.00) 39 (90.70) 0.12

 Preterm 4 (4.76) 0 (0.00) 4 (9.30)

Birth weight (g) 3282.2 (451.9) 3274.3 (369.8) 3289.5 (521.1) 0.88

Order of delivery (N[%])

 First 40 (47.62) 20 (48.78) 20 (46.51) 1.00

 Second 42 (50.00) 20 (48.78) 22 (51.16)

 Third 2 (2.38) 1 (2.44) 1 (2.33)

Food allergy (N[%])

 No 76 (90.48) 35 (85.37) 41 (95.35) 0.06

 Yes 7 (8.33) 6 (14.63) 1 (2.33)

 Missing 1 (1.19) 0 (0.00) 1 (2.33)

Feeding (for children < 2 years of age, N = 63) (N[%])

 Breast 6 (9.52) 4 (12.50) 2 (6.45) 0.22

 Mixed 20 (31.75) 7 (21.88) 13 (41.94)

 Milk 35 (55.56) 19 (59.38) 16 (51.61)

 Missing 2 (3.17) 2 (6.25) 0 (0.00)

Complementary food (for children < 2 years of age, N = 63) (N[%])

 No 9 (14.29) 6 (18.75) 3 (9.68) 0.08

 Yes 50 (79.37) 26 (81.25) 24 (77.42)

 Missing 4 (6.35) 0 (0.00) 4 (12.90)
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medicine more frequently than the pediatric Tuina 
group did on day 2 (Additional file 1: Tables 5 and 6).

Table  2 shows the results of the ITT analysis. Pediat-
ric Tuina was associated with reduced times of diarrhea 
on day 3 (crude RR, 0.73 [95% CI, 0.59–0.91]) compared 
with sham Tuina. However, the association was allevi-
ated to null after adjustment for social demographic 
and clinical characteristics (adjusted RR, 0.82 [95% CI, 
0.64–1.04]). The days of diarrhea from baseline did not 
differ statistically between the pediatric Tuina group 
and sham Tuina group (adjusted RR, 1.02 [95% CI, 0.80–
1.29]). For the GCR, we found no significant effect on day 
7 (adjusted OR, 0.58 [95% CI, 0.17–1.92]) or on day 14 

(adjusted OR, 1.06 [95% CI, 0.31–3.66]). The number of 
days when the stool characteristics returned to normal 
(adjusted RR, 0.95 [95% CI, 0.79–1.15]) was not signifi-
cantly reduced. The analyses for children younger than 2 
years showed similar results (Additional file 1: Table 7).

The results of the PP analysis are presented in Table 3. 
The risk of diarrhea was lower in the pediatric Tuina 
group than that in the sham Tuina group (crude RR, 0.66 
[95% CI, 0.53–0.83]) on day 3. However, when adjusted 
for social demographic and clinical characteristics, the 
association was alleviated to null (adjusted RR, 0.84 [95% 
CI, 0.65–1.09]). The days of diarrhea from baseline were 
4.1 days in the pediatric Tuina group and 4.7 days in the 

Table 2 Association between  intervention and  outcomes among  the  participating children (N = 84, Intention-to-treat 
analysis)

Risk ratios were estimated from Poisson Regression

Odds ratios were estimated from Logistic Regression

SD Standard deviation, IQR Interquartile range
a Model adjusted for age, sex, history of infectious and digestive diseases, food allergy, hours of diarrhea before randomization, numbers of treatments/medications 
before randomization, numbers of the symptoms before randomization, times of diarrhea during the past 24 h before randomization, times of diarrhea on Day 2, 
numbers of usual care from Day 1 to Day 2, and concomitant treatment from Day 1 to Day 2
b Model adjusted for age, sex, history of infectious and digestive diseases, food allergy, hours of diarrhea before randomization, numbers of treatments/medications 
before randomization, numbers of the symptoms before randomization, numbers of usual care from Day 1 to Day 3, and concomitant treatment from Day 1 to Day 3

Outcome All Sham Tuina (N = 41) Pediatric Tuina (N = 43)

Times of diarrhea on day 3

 Mean (SD) 4.7 (4.1) 5.5 (4.7) 4.0 (3.2)

 Median (IQR) 4 (2,7) 4 (3,8) 4 (2,6)

 Crude RR (95%CI) Ref 0.73 (0.59–0.91)
 Adjusted RR (95%CI)a Ref 0.82 (0.64–1.04)

Days of diarrhea from baseline

 Mean (SD) 4.3 (3.2) 4.5 (3.1) 4.1 (3.3)

 Median (IQR) 3 (2,6) 3.5 (2,6) 3 (2,6)

 Crude RR (95%CI) Ref 0.92 (0.74–1.16)

 Adjusted RR (95%CI)b Ref 1.02 (0.80–1.29)

Evaluation at day 7

 Much better (N[%]) 53 (63.1) 28 (68.3) 25 (58.1)

 Slightly better or no change (ref ) (N[%]) 20 (34.5) 7 (17.0) 13 (30.2)

 Missing (N[%]) 11 (13.1) 6 (14.6) 5 (11.2)

 Crude OR(95%CI) Ref 0.48 (0.17–1.40)

 Adjusted OR (95%CI)b Ref 0.58 (0.17–1.92)

Evaluation at day 14

 Much better (N[%]) 56 (66.7) 27 (65.9) 29 (67.4)

 Slightly better or no change (ref ) (N[%]) 17 (20.2) 9 (22.0) 8 (18.6)

 Missing (N[%]) 11 (13.1) 5 (12.2) 6 (14.0)

 Crude OR(95%CI) Ref 1.21 (0.41–3.58)

 Adjusted OR (95%CI)b Ref 1.06 (0.31–3.66)

Number of days when the stool characteristics returned to normal

 Mean (SD) 6.7 (3.6) 6.9 (3.8) 6.6 (3.5)

 Median (IQR) 7 (4,7) 7 (4,7) 7 (3,7)

 Crude RR(95%CI) Ref 0.96 (0.81–1.15)

 Adjusted RR (95%CI)b Ref 0.95 (0.79–1.15)
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sham Tuina group (adjusted RR, 0.96 [95% CI, 0.75–
1.25]). No difference was observed in the GCR between 
the two groups on day 7 (adjusted OR, 0.63 [95% CI, 
0.18–2.25]) or on day 14 (adjusted OR, 1.38 [95% CI, 
0.34–5.53]). No group difference was observed in the 
number of days when the stool characteristics returned 
to normal (adjusted RR, 0.95 [95% CI, 0.78–1.16]). Simi-
lar results were shown among children younger than 2 
years (Additional file 1: Table 8).

Adverse events were reported for three children who 
were all from the sham Tuina group. These three children 
were recruited into our study when they visited the out-
patient department, though they had fever or vomiting 

symptoms in addition to the diarrhea diagnosis. Since 
their symptoms were not relieved after 1 day of treat-
ment, the pediatricians decided that they should be hos-
pitalized. Adverse events reported for all three cases were 
due to hospitalizations. According to the medical expert 
committee’s judgment, none of these hospitalizations 
were related to the use of pediatric Tuina. The children 
were followed up. After 3 days of treatment for 2 patients 
and 8 days for 1 patient, they recovered and were dis-
charged without complications.

Table 3 Association between intervention and outcomes among the participating children (N = 68, Per-protocol analysis)

SD Standard deviation, IQR Interquartile range

Risk ratios were estimated from Poisson Regression

Odds ratios were estimated from Logistic Regression
a Model adjusted for age, sex, history of infectious and digestive diseases, food allergy, hours of diarrhea before randomization, numbers of treatments/medications 
before randomization, numbers of the symptoms before randomization, times of diarrhea during the past 24 h before randomization, times of diarrhea on Day 2, 
numbers of usual care from Day 1 to Day 2, and concomitant treatment from Day 1 to Day 2
b Model adjusted for age, sex, history of infectious and digestive diseases, food allergy, hours of diarrhea before randomization, numbers of treatments/medications 
before randomization, numbers of the symptoms before randomization, numbers of usual care from Day 1 to Day 3, and concomitant treatment from Day 1 to Day 3

Outcome All Sham Tuina (N = 35) Pediatric Tuina (N = 33)

Times of diarrhea on day 3

 Mean (SD) 4.8 (4.2) 5.7 (4.7) 3.8 (3.2)

 Median (IQR) 4 (2,6.5) 4 (3,8) 3 (2,6)

 Crude RR (95%CI) Ref 0.66 (0.53–0.83)
 Adjusted RR (95%CI)a Ref 0.84 (0.65–1.09)

Days of diarrhea from baseline

 Mean (SD) 4.4 (3.4) 4.7 (3.2) 4.1 (3.6)

 Median (IQR) 3 (2,6) 4 (3,6) 3 (2,6)

 Crude RR (95%CI) Ref 0.87 (0.69–1.11)

 Adjusted RR (95%CI)b Ref 0.96 (0.75–1.25)

Evaluation at day 7

 Much better (N[%]) 47 (69.1) 25 (71.4) 22 (66.7)

 Slightly better or no change (ref ) (N[%]) 18 (26.5) 7 (20.0) 11 (33.3)

 Missing (N[%]) 3 (4.4) 3 (8.6) 0 (0.0)

 Crude OR(95%CI) Ref 0.56 (0.19–1.69)

 Adjusted OR (95%CI)b Ref 0.63 (0.18–2.25)

Evaluation at day 14

 Much better (N[%]) 49 (72.1) 24 (68.6) 25 (75.8)

 Slightly better or no change (ref ) (N[%]) 15 (22.1) 9 (25.7) 6 (18.2)

 Missing (N[%]) 4 (5.9) 2 (5.7) 2 (6.1)

 Crude OR(95%CI) Ref 1.56 (0.48–5.06)

 Adjusted OR (95%CI)b Ref 1.38 (0.34–5.53)

Number of days when the stool characteristics returned to normal

 Mean (SD) 7.0 (3.7) 7.1 (3.8) 6.9 (3.7)

 Median (IQR) 7 (4,7) 7 (4,8) 7 (4,7)

 Crude RR (95%CI) Ref 0.97 (0.81–1.16)

 Adjusted RR (95%CI)b Ref 0.95 (0.78–1.16)
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Discussion
Our study found that as an add-on therapy based on 
usual care, pediatric Tuina, using both ITT and PP 
analyses, was more effective than sham pediatric Tuina 
in terms of reducing times of diarrhea on day 3 of the 
study period. No difference was observed in days of diar-
rhea, global change rating, or number of days until the 
stool characteristics returned to normal between the two 
groups. To our knowledge, this is the first randomized 
trial adopting sham pediatric Tuina as a placebo control 
to achieve a double-blind study.

Pediatric Tuina involved lots of acupoints. Accord-
ing to the meridian theory, these acupoints were related 
to a specific organ. It could help to normalise impaired 
functions and balance Yin and Yang of Zang-Fu organ by 
stimulating these specific acupoints [29]. In children with 
acute diarrhea, the gastrointestinal system was weak. 
Tuina therapy could promote gastric juice secretion, 
regulate gastrointestinal motility, and enhance gastroin-
testinal digestion and absorption function [30, 31]. Some 
studies demonstrated that pediatric Tuina used alone 
or combined with conventional treatment was effective 
for acute diarrhea compared with no treatment or other 
conventional treatment [32–35]. However, most of these 
studies had difficulties in interpretation due to meth-
odological limitations. A meta-analysis demonstrated 
that pediatric Tuina was superior to conventional medi-
cation in improving the clinical cure rate and decreas-
ing the duration of disease and daily stool frequency in 
children under 5 years old [22]. Other systematic reviews 
also showed that pediatric Tuina was more effective than 
conventional treatments [36, 37]. However, these studies 
only reported the overall effective rate but not detailed 
components of the outcome assessment, such as diarrhea 
days and diarrhea times.

As pediatric Tuina comes in the form of manipula-
tion, it has been a challenge to develop and validate 
placebo control. No well-recognized sham control has 
been developed to date. The majority of studies [38–41] 
on Tuina evaluation used another kind of intervention 
when their effects were not confirmed as a control, which 
might cause challenges in the interpretation of Tuina’s 
effects [42]. Although some researchers used sham mas-
sage (i.e., gently still touch, producing no indentation on 
the skin) as a sham control [43, 44], the gentle touch pro-
cedure applied for sham massage [45] is similar to rub-
bing manipulation of traditional medicine, which might 
have a minor effect that may reduce the effect of Tuina, 
especially in the area of pediatric Tuina. As all the acu-
points in our study were located on the upper body of 
the child, we designed an opaque cloak-shaped device 
to cover this part of the body. This cloak-shaped device, 
in addition to the sham manipulation, makes blinding 

for children, parents/guardians, and outcome assessors 
as well as the placebo-controlled design possible. It can 
exclude the possibility of an effect of light/gentle rubbing 
touch that the previous methods may have caused.

This study has several strengths. First, we recruited 
patients either from the outpatient or inpatient depart-
ment, which might enlarge our study’s participant 
resources and ensure sufficient representation of the 
study population. Second, we designed an opaque cloak-
shaped device to cover the upper body and arms of the 
child, which made the blinding design possible and mini-
mized performance biases. Third, we used the sham 
Tuina as a control. On the one hand, use of a sham is very 
helpful for the interpretation of Tuina’s effects and can 
highlight the specificity of acupoints. On the other hand, 
it can improve the quality of RCTs and promote the inter-
national recognition of pediatric Tuina. The last strength 
is that the trial was rigorously conducted according to a 
prespecified protocol without changes, and the blinding 
was intact in both groups.

This study has some limitations. We screened 2031 
children with acute diarrhea but failed to obtain the 122 
eligible participants that we targeted, although a sample 
size of 84 met what we estimated for one primary out-
come [24]. This may have compromised the statistical 
power in our analysis. A possible reason for insufficient 
recruitment might be that we adopted rather rigorous 
inclusion criteria, such as the stool frequency being equal 
to or more than 5 times a day, which led to the exclusion 
of 636 children, and 319 children could not be enrolled 
because the occurrence of diarrhea was not within 72 h. 
The usual care administered in the outpatient depart-
ment might vary from that in the inpatient department, 
which might increase the heterogeneity and reduce the 
comparability between the two groups. Such confound-
ing effects have, however, been partly controlled for by 
including the number of usual care treatments as a covar-
iate in the analysis. In addition, this study was only per-
formed in one center and the generalisability was limited. 
In the future, multicenter randomized controlled trials 
with larger sample size may further explore the efficacy of 
pediatric Tuina on children with acute diarrhea.

Conclusions
In children aged 0–6 years with acute diarrhea, pediat-
ric Tuina showed significant effects in terms of reduc-
ing times of diarrhea compared with sham Tuina. 
Studies with larger sample sizes and adjusted trial 
designs are warranted to further evaluate the effect of 
pediatric Tuina therapy.
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