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Objectives. The efficacy of conventional treatments plus acupuncture for asthma in adult and adolescent is uncertain. Literature
reports are conflicting; therefore, the aim of this study was to determine the efficacy of conventional treatments plus acupuncture
versus conventional treatments alone using a meta-analysis of all published randomized clinical trials (RCTs). Methods. Two
reviewers independently performed a comprehensive literature search from multiple electronic sources (1990-2018), including
PubMed, EMBASE, the Cochrane Library, Web of Science, China National Knowledge Infrastructure, and WanFang databases.
RCTs in which adult and adolescent patients with asthma (age =12 years) were divided into conventional treatments plus
acupuncture and conventional treatments alone were included. Results. Nine studies were included. The results showed that
conventional treatments plus acupuncture as a complementary therapy could improve the symptom response rate (OR = 7.87,
95% CI = [4.13, 14.99], p < 0.00001) and significantly decrease interleukin-6 (IL-6) levels (MD = -11.42; 95% CI = [-15.28, -7.56], p
< 0.00001). However, indices of pulmonary function, including the forced expiratory volume in one second (FEV,) (MD = 0.22,
95% CI = [-0.11, 0.56], p = 0.19) and FEV,/forced vital capacity (FVC) (MD = 8.62, 95% CI = [-0.35,17.59], p = 0.06), failed to be
improved with conventional treatments plus acupuncture. Conclusion. Conventional treatments plus acupuncture are associated
with significant benefits for adult and adolescent patients with asthma. Therefore, we suggest the use of conventional treatments

plus acupuncture for asthma patients.

1. Introduction

Asthma is one of the most common chronic diseases with
a multifactorial etiology that is characterized by chronic
airway inflammation, hyperresponsiveness, and reversible
airway obstruction, affecting approximately 358 million peo-
ple worldwide [1-3]. Over the past few decades, the global
prevalence, mortality, morbidity, and economic burden of
asthma have increased [3-10]. The treatment response for a
particular patient may be difficult to predict due to the
heterogeneous nature of asthma [11, 12].

Despite the availability of clinical practice guidelines
and standard-of-care therapy, a large proportion of asthma
patients have a poor quality-of-life [13, 14]. Meanwhile, the
majority of the currently available therapeutic approaches,

such as muscle relaxants and anti-inflammatory drugs, can-
not change the natural course of asthma [15].

Therefore, a high unmet requirement for novel asthma
therapeutics is necessary, especially for those with severe
disease. Many asthma patients turn to complementary or
alternative therapies to improve their conditions. In China,
acupuncture has been used to manage asthma for thousands
of years. Asthma was listed as an indication for acupuncture
in 1979 by the World Health Organization (WHO) [16] and
has been recommended as an adjunctive treatment in com-
prehensive management programs for asthma by the US
National Institutes of Health.

Several clinical trials have reported both beneficial and
detrimental effects from acupuncture for the treatment of
asthma [17-19]. This may be caused by differences in trial
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design, treatment mode, or the small size of the trials. Previ-
ous systematic reviews [20] and meta-analyses have reported
the effect of acupuncture. However, most of the studies
included randomized clinical trials (RCTs) comparing real
and sham acupuncture in asthma patients, which has little
instructive significance for clinical treatment as acupunc-
ture is often used as a complement to conventional ther-
apy.

Therefore, in this meta-analysis, RCTs comparing con-
ventional treatments plus acupuncture with conventional
treatments alone in asthma patients were included to deter-
mine the effect of acupuncture as a supportive therapy.

2. Methods and Materials

2.1. Search Strategy. Two reviewers independently performed
a comprehensive literature search from multiple electronic
sources, including PubMed, EMBASE, the Cochrane Library,
Web of Science, China National Knowledge Infrastructure,
and the WanFang databases between Jan. 1, 1990, and June
1, 2018. The following search terms were used: (acupunc-
ture therapy, acupuncture, needling therapy, needling) and
(bronchial asthma, asthma, asthmatic) to identify rele-
vant papers. The terms were combined appropriately with
medical subheading terms and appropriately adjusted for
different databases. For example, (((((((acupunture ther-
apy) OR acupuncture) OR needling therapy) OR needling)
OR “Acupunture Therapy” [MeSH]))) AND ((((bronchial
asthma) OR asthma) OR asthmatic)) AND (((“Randomized
Controlled Trial” [Publication Type] OR “Randomized Con-
trolled Trials as Topic” [MeSH])) OR randoms))) Filters:
Publication date from 1990/01/01 to 2018/06/01. The detailed
search strategy is provided in supplementary materials (avail-
able here).

2.2. Study Selection

2.2.1. Inclusion Criteria for Studies. (1) RCTs were published
in English or Chinese, with the full text available.

(2) Included patients met the diagnostic criteria for
bronchial asthma.

(3) RCTs compared conventional treatments plus
acupuncture with conventional treatments alone.

(4) Studies measured at least one of the following end
points: symptom response rate, forced expiratory volume in
one second (FEV1), FEV,/forced vital capacity (FVC), and
interleukin-6 (IL-6) levels.

2.2.2. Exclusion Criteria for Studies. (1) Studies only involved
cells or animals or were case reports, letters, reviews, obser-
vational studies, or nonrandomized clinical trials.

(2) Included patients were children younger than 12 years
of age.

(3) Trials in which acupuncture therapies were used with
other therapies.

2.2.3. Data Extraction and Management. The extraction table
was designed according to the Cochrane manual. Identified
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publications from databases were independently screened by
two authors to exclude the irrelevant studies. Controversial
opinions were resolved by discussion.

2.3. Bias Assessment of the Included Studies. Risk of bias was
assessed using the Cochrane classification for the following
seven criteria: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other bias.

2.4. Statistical Analysis. The data were analyzed using
Revman 5.3 and Stata 14.0 software. The results were pre-
sented as the mean difference (MD) or odds ratio (OR) and
95% confidence intervals (95% CI). To analyze data without
obvious heterogeneity (p > 0.1 and I* < 50%) the fixed-
effects model was used; otherwise, the random-effects model
was used. If possible, heterogeneity was investigated and sub-
group analysis was conducted. Sensitivity analysis was also
performed to evaluate the influence of an individual study
on the final effect. To evaluate publication bias, Egger’s test
was used. A p value < 0.05 was considered statistically signifi-
cant.

3. Results

3.1. Literature Selection. The flow diagram of the literature
identification and selection process is shown in Figure 1. A
total of 1242 studies were identified, and 392 studies were
excluded owing to duplication. After reading the titles and
abstracts, 776 studies were excluded. The full-length texts of
74 candidate studies were carefully reviewed, of which 65
studies were excluded, including 10 reviews/meta-analyses,
9 studies without a control group, 5 studies with duplicated
data, 32 studies involving acupuncture versus medicine, 5
studies with data that could not be extracted, and 4 studies
only including animal experiments. Finally, nine trials were
included in the quantitative analysis. The characteristics of
the nine included trials are shown in Table 1.

3.2. Qualitative Assessment of the Included Studies. Among
the 9 studies, three studies [21-23] used random number
table and one study [24] took computer program to generate
random sequence. The remaining 5 studies only mentioned
“random” or “randomization”. As it is very difficult to blind
therapists to the use of acupuncture therapy, only patients and
assessors were blinded. Only two studies [21, 24] reported the
allocation concealment and blinding details. In addition, all
the included studies had low risk of reporting bias. The results
of bias are shown in Figures 2 and 3.

3.3. Response Rate. Among all nine included studies, five
RCTs [22, 25-28] (including 472 patients) reported the
response rates of the patients in the two groups. There was no
significant heterogeneity (p = 0.58, I* = 0%) among these
RCTs, and our pooled results showed statistically significant
effects of conventional treatments plus acupuncture com-
pared with conventional treatments alone (OR = 7.87, 95%
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FI1GURE 1: Flow chart for study selection.
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FIGURE 2: Risk of bias.

CI = [4.13,14.99], p < 0.00001) (Figure 4). Subgroup analyses  3.4. Parameters of Pulmonary Ventilation
also showed beneficial effects of conventional treatments plus

acupuncture both in the chronic phase (OR = 10.33, 95% CI
=[3.99, 26.73], p < 0.00001, heterogeneity: p = 0.84, I* = 0%)
and in the acute phase (OR = 6.40, 95% CI = [2.68,15.31], p <
0.0001, heterogeneity: p = 0.35, I* = 4%).

3.4.1. FEV,. Five RCTs [22, 24, 27-29] (including 376
patients) compared the effects of conventional treatments
plus acupuncture and the conventional treatments alone on
FEV,. There was significant heterogeneity among these RCTs
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FIGURE 3: Summary of risk bias.

(p < 0.00001, I> = 86%), a random-effects model was used,
and the pooled data showed no difference in therapeutic
effects on FEV, between the two groups (MD = 0.22, 95%
CI = [-0.11, 0.56], p = 0.19) (Figure 5(a)). Subgroup analyses
also showed no improvements in FEV, with acupuncture
plus conventional therapy in the chronic phase (MD = -0.13,
95% CI = [-0.51, 0.25], p = 0.5, heterogeneity: p = 0.42, I*
= 0%). However, the FEV, was improved with acupuncture
plus conventional therapy in the acute phase (MD = 0.39,
95% CI = [0.05, 0.74], p = 0.03, heterogeneity: p = 0.0003,
I” = 88%).

3.4.2. FEV,/FVC. The effects between conventional treat-
ments plus acupuncture and conventional treatments alone
were investigated in four studies [21, 27-29], including 364
patients. The meta-analysis of these four RCTs failed to show
favorable effects of conventional treatments plus acupuncture

on FEV,/FVC compared with the conventional treatments
alone (MD = 8.62, 95% CI = [-0.35, 17.59], p = 0.06)
(Figure 5(b)). Marked heterogeneity was observed in this
mode (p < 0.00001, I* = 95%); therefore, the subgroups were
further analyzed. The results showed no improvements in
FEV,/FVC with acupuncture plus conventional therapy in
either the chronic phase (MD =4.31;95% CI = [-7.95,16.56], p
= 0.49, heterogeneity: p = 0.06, I = 72%) or in the acute phase
(MD =12.29,95% CI = [-1.67, 26.26], p = 0.08, heterogeneity:
p < 0.00001, I* = 97%).

3.5. Cytokine Expression

3.5.1. IL-6. Two RCTs [23, 26] compared the effects of con-
ventional treatments plus acupuncture and conventional
treatments alone on IL-6 levels. No heterogeneity was found
(p =0.86, I? = 0%), and the fixed-effects model showed that
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Acupuncture + Medicine Medicine Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.1.1 chronic phase
Lv Guifen 2012 30 30 27 30 5.8% 7.76[0.38,157.14] ]
Zhang Wenpeng 2006 39 53 8 39 31.7% 10.79 [4.02, 29.01] -
Subtotal (95% Cl) 83 69 37.4% 10.33[3.99, 26.73] N
Total events 69 35
Heterogeneity: Chi2 = 0.04, df =1 (P = 0.84); 2= 0%
Test for overall effect: Z =4.81 (P < 0.00001)
1.1.2 acute phase
Zhang Zhilong 2005 57 60 27 30 234%  2.11[0.40, 11.15] -
Wang Wenyan 2010 34 35 28 35 104%  8.50[0.99, 73.28] -
Jiang Suqun 2012 77 80 59 80 28.8%  9.14[2.60, 32.09] — &
Subtotal (95% Cl) 175 145 62.6%  6.40 [2.68, 15.31] >
Total events 168 114
Heterogeneity: Chi? = 2.08, df =2 (P = 0.35); I = 4%
Test for overall effect: Z =4.17 (P < 0.0001)
Total (95% Cl) 258 214 100.0% 7.87 [4.13, 14.99] <
Total events 237 149
Heterogeneity: Chi? = 2.85, df = 4 (P = 0.58); I = 0% ’0_ 001 of ] ] 1’0 ] 000’

Test for overall effect: Z =6.28 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.53, df =1 (P = 0.47), I? = 0%

Medicine Acupuncture + Medicine

FIGURE 4: Efficacy of conventional treatments plus acupuncture on the response rate.

TABLE 3: Summary of sensitivity analysis for the response rate.

OR Fluctuation

95% CI Fluctuation Publication bias (P value)

Response rate 3.93-773

1.90-14.85 0.806

Note: p < 0.05 indicates that a publication bias exists.

TABLE 4: Summary of sensitivity analysis of parameters for FEV, and FEV,/FVC.

MD Fluctuation 95% CI Fluctuation Publication bias (P value)
FEV, 0.14-0.32 -0.23-0.65 0.144
FEV,/FVC 5.86-11.34 -4.58-20.79 0.570

Note: p < 0.05 indicates that a publication bias exists.

the IL-6 level was significantly reduced with conventional
treatments plus acupuncture (MD = -11.42, 95% CI = [-15.28,
-7.56], p < 0.00001) (Figure 6).

3.6. Sensitivity Analysis and Publication Bias. Sensitivity
analysis was also performed to evaluate the stability of the
results. As fewer than three data sets were identified for IL-6
analysis, a different model was used for its sensitivity analysis,
and the results were found to be stable. To test the sensitivity
of parameters with more than three data sets, we excluded the
included studies one by one, and the results were found to be
stable. In addition, Egger’s test was used for publication bias
analysis, which showed no publication bias (Tables 3 and 4).

4. Discussion

Acupuncture has been applied to treat asthma for thousands
of years in China. Asthma was listed as an indication for
acupuncture in 1979 by the WHO [16]; however, despite
its use for millennia, no strong evidence has demonstrated
the beneficial efficiency of conventional treatments plus

acupuncture compared with conventional treatments alone.
Previous research has indicated that acupuncture downregu-
lates the expression of proinflammatory proteins and upregu-
lates the expression of anti-inflammatory proteins [30]. In our
current meta-analysis, we pooled the data from nine studies
together and demonstrated that conventional treatments plus
acupuncture significantly improved the symptom response
rate (OR = 787, 95% CI = [4.13, 14.99], p < 0.00001) and
decreased IL-6 levels (MD = -11.42; 95% CI = [-15.28, -7.56],
p < 0.00001), compared with conventional treatments alone.
However, ventilation parameters including FEV, (MD =0.22,
95% CI = [-0.11, 0.56], p = 0.19) and FEV,/FVC (MD = 8.62,
95% CI = [-0.35, 17.59], p = 0.06) showed no improvements
with conventional treatments plus acupuncture.

We have made efforts to perform a comprehensive
analysis; however, some limitations must be recognized.
First, significant heterogeneity was found for FEV, and
FEV,/FVC. Therefore, after checking the included papers
and extracted data, subgroup analysis by asthma phase was
used to explore the source of heterogeneity. However, sub-
group analysis found that combinations of different phases
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Acupuncture + Medicine Medicine
Study or Subgroup Mean SD Total Mean SD Total
2.1.1 chronic phase
Ju Kim 2013 -0.03 0.74 13 0.29 0.86 14
Jun-Yong Choi, O. 2010 -0.07 0.83 15 -0.07 0.49 14
Subtotal (95% CI) 28 28

Heterogeneity: Tau? = 0.00; Chi? = 0.65, df =1 (P = 0.42); I>=0%
Test for overall effect: Z = 0.66 (P = 0.51)

2.1.2 acute phase

Jiang Suqun 2012 2.22 0.33 80 156 033 80
Wang Wenyan 2010 04 0.59 35 022 043 35
Zhang Zhilong 2005 07 0.79 60 041 062 30
Subtotal (95% Cl) 175 145

Heterogeneity: Tau? = 0.08; Chi? = 16.30, df = 2 (P = 0.0003); |12 = 88%
Test for overall effect: Z = 2.24 (P = 0.03)

Total (95% CI) 203 173
Heterogeneity: Tau? = 0.11; Chi? = 28.78, df = 4 (P < 0.00001); I = 86%

Test for overall effect: Z = 1.32 (P = 0.19)

Test for subgroup differences: Chi? = 3.94, df = 1 (P = 0.05), I? = 74.6%

Acupuncture + Medicine Medicine
Study or Subgroup Mean SD Total Mean SD_Total
2.2.1 chronic phase
Fu Yu 2014 3.79 9.13 79 -547 937 28
Ju Kim 2013 1.08 13.85 13 4.67 19.52 14
Subtotal (95% Cl) 92 42

Heterogeneity: Tau? = 59.48; Chi? = 3.58, df = 1 (P = 0.06); I = 72%
Test for overall effect: Z = 0.69 (P = 0.49)

2.2.2 acute phase

Jiang Suqun 2012 249 5.78 80 5.6 6.02 80
Wang Wenyan 2010 10.15 8.6 35 5.1 872 35
Subtotal (95% Cl) 115 115

Heterogeneity: Tau? = 98.95; Chi? = 39.38, df = 1 (P < 0.00001); I? = 97%
Test for overall effect: Z=1.73 (P = 0.08)

Total (95% CI) 207 157
Heterogeneity: Tau? = 73.70; Chi? = 60.04, df = 3 (P < 0.00001); I> = 95%
Test for overall effect: Z = 1.88 (P = 0.06)

Test for subgroup differences: Chi? = 0.71, df = 1 (P = 0.40), I? = 0%

FIGURE 5: Efficacy of conventional treatments

Acupuncture + Medicine Medince
Study or Subgroup Mean SD Total Mean SD_Total
Lv Guifen 2012 -31.6 9.95 30 -19.9 972 30
Zhu Dongxiao 2010 -61 12.53 33 -50 12.77 33
Total (95% ClI) 63 63

Heterogeneity: Chi? = 0.03, df =1 (P = 0.86); I>= 0%
Test for overall effect: Z = 5.80 (P < 0.00001)
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Mean Difference Mean Difference

Weight 1V, Random, 95% ClI IV, Random, 95% CI

14.0%  -0.32[-0.92, 0.28] 1

16.6% 0.00 [-0.49, 0.49] -1

30.6%  -0.13 [-0.51, 0.25] >

25.2% 0.66 [0.56, 0.76] -

22.8% 0.18 [-0.06, 0.42] il

21.4% 0.29[-0.01, 0.59] "

69.4% 0.39 [0.05, 0.74] L 2
100.0% 0.22 [-0.11, 0.56] 1‘

R
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()

Mean Difference Mean Difference
Weight IV, Random, 95% CI IV, Random, 95% CI
26.9% 9.26 [5.25, 13.27] -
18.1%  -3.59[-16.29, 9.11] I
45.0%  4.31[-7.95, 16.56] -
28.1% 19.30 [17.47, 21.13] =
26.9% 5.05[0.99, 9.11] -
55.0% 12.29 [-1.67, 26.26] i
100.0%  8.62 [-0.35, 17.59] .
-50 -25 0 25 50

Medicine Acupuncture + Medicine

(b)

plus acupuncture on (a) FEV, and (b) FEV,/FVC.

Mean Difference Mean Difference
Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

60.1% -11.70[-16.68, -6.72]
39.9% -11.00[-17.10, -4.90] =

100.0% -11.42 [-15.28, -7.56] -

-20 -10 0 10 20
Medicine Acupuncture + Medicine

F1GURE 6: Efficacy of conventional treatments plus acupuncture on IL-6 levels.

of asthma had no influence on the heterogeneity. Thus, a
random-effects model was used for FEV, and FEV,/FVC.
Furthermore, sensitivity analysis was performed by excluding
the included studies one by one, which showed that all
parameters were stable. Second, only two studies including
126 patients compared the effects of IL-6 between the two
groups; the sample size was too small. Fortunately, we found
stable results, assuming a different model to test the sensitiv-

ity.

To the best of our knowledge, this is the first meta-
analysis that has systematically estimated the effectiveness
of conventional treatments plus acupuncture compared with
conventional treatments alone. Conventional treatments plus
acupuncture did not show any beneficial effects on pul-
monary function in asthmatic patients over conventional
treatments alone. However, conventional treatments plus
acupuncture did show a clinically and statistically significant
improvement in the symptom response rate and the IL-6 level
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when compared with conventional treatments alone. Thus,
acupuncture has some effects on asthma, especially as an
adjunctive therapy.

Further RCTs are required to confirm that acupuncture
treatment has beneficial effects on alleviating symptoms
and immunomodulatory activity (via inflammatory cells and
cytokines) in asthma patients as a supportive therapy com-
bined with conventional treatments. A standard method of
conventional treatments plus acupuncture may be imple-
mented in the near future.
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