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Abstract ‘\\

Background: Huangqi Guizhi Wuwu Decoction (HGWD) is a common prescription for the treatment of cervical radiculopathy (CR).

And the effectiveness and safety of HGWD for CR were assessed in this study.

Methods: Seven databases were searched. Randomized controlled trials involving HGWD alone or HGWD combined with
conventional treatment were enrolled. The authors in pairs independently assessed the risk of bias and extracted the data.

Results: Eight studies involving 783 participants with CR were included. Meta-analysis revealed that the efficacy of HGWD for CR
was significantly superior compared with control treatment (risk ratio=1.12, 95% confidence interval [Cl]:1.06-1.19, Z=3.71;
P=.0002). Compare with control group, there is an increase in visual analog scale (mean difference [MD]=0.99; 95% Cl: 0.83-1.14;
Z=12.57; P<.00001). There was also an improvement of neck disability index (MD=9.2; 95% CI: 8.28-10.11; Z=19.75;
P <.00001). Adverse events were not mentioned in the 8 trials.

Conclusion: HGWD alone or HGWD plus other treatment may be helpful to patients with CR. However, the methodological quality
of the randomized controlled trials was generally low. Larger and better-designed randomized controlled trials are recommended.
Abbreviations: Cl = confidence intervals, CR = cervical radiculopathy, GRADE = the grading of recommendations assessment,
development, and evaluation, HGWD = Huanggi Guizhi Wuwu Decoction, MD = mean difference, NDI = neck disability index,

PROSPERO = international prospective register of systematic reviews, RCT = randomized controlled trials, RR = risk ratio, TSA =
trial sequential analysis, VAS = visual analog scale.
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1. Introduction

Cervical radiculopathy (CR), which is most often stems from
degenerative disease in the cervical spine, has increasingly
become a common and frequently occurring disease in clinic
due to the popularity of electronic products, such as computes
and cell phones. Significant functional limitations and disabilities
are common presenting complaints for people suffering from
CR."?!In general, they seek clinical assistance owing to neck and
shoulder pain.”®' Also, along with the extension of the course of
disease, some other symptoms will also appear, such as stiffness
and fatigue in the neck, disturbances of sensory and motor
functions, and even weakness tendon reflexes in the arm.!
Usually, the most common cause of the disease are cervical disc
herniation and spondylosis.!*! The annual age-adjusted incidence
of CR is 83 per 100,000 persons, and it has been reported to
107.3 per 100,000 for men and 63.5 per 100,000 for
women.>*® Typically, a peak incidence is seen in middle
age.”! In addition, cigarette smoking, cervical axial load, and
prior lumbar radiculopathy may predispose patients to CR.[®! At
present, treatment for CR includes surgical and nonsurgical
approaches. According to statistics, surgical treatment, which
chiefly is decompress the spinal nerve with a posterior
foraminotomy, has a positive relieving symptoms.[*'® However,
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Composition and function of HGWD.
Role of HGWD

Components Function

Nourish (Q/ and enhancement
of defense ability

Evacuate the wind, xeransis
and warm the meridians

Nourishing blood and
reconciling ying and wei

Evacuating wind and cold

Nourishing @/ and invigorating
blood

Astragalus membranaceus
(Huangaji)
Cassia twig (Guizhi)

Monarch (Jun)
Minister (Chen)

Chinese herbaceous
peony (Shaoyao)

Ginger (Shengjiang)

Jujube (Dazao)

Minister (Chen)

Assistant (Zuo)
Guide (Shi)

HGWD = Huangqi Guizhi Wuwu Decoction.

the surgical treatment of CR is still controversial as a result of
many complications after operation involving adjacent segment
degeneration, loss in intervertebral disc height, and so on.!*!! So,
conservative measures are often used. And therapeutic strategies
mainly include immobilization, traction, pharmacy therapy,
steroid injections, physical therapy, and manipulation. Little
high-quality evidence supports the use of traditional Chinese
medicine in countries other than China. Nevertheless, traditional
Chinese medicine may hold some promise for CR.

CR may fall under the traditional Chinese medicine categories
of “arthromyodynia,” which is wind, cold, dampness and other
pathogenic factors invade the human body, resulting in
obstruction of meridians, stagnation of Ying and Wei, and
stagnation of Qi and blood in Zang Fu organs.'*! Huanggi
Guizhi Wuwu Decoction (HGWD) is a classical prescription
described in Jingui Yaolue, written by Zhang zhongjing during
the Han dynasty. As shown in Table 1, HGWD is composed of
astragalus membranaceus (Huangqi), cassia twig (Guizhi),
Chinese herbaceous peony (Shaoyao), jujube (Dazao), all of
which are reported to nourishing Qi, Removing pathogenic
factors such as wind cold and damp, warming and smoothing
meridian, invigorating the blood to promote coronary circula-
tion.!" In general, HGWD is used to treat “blood impended”
characterized by a feeling of pain and numbness, muscle
discomfort, muscular atrophy, consistent with the features of
CR. Some new research has shown that the mechanisms of action
of HGWD in rats include relieving pain by raising the pain
threshold,"*! playing anti-inflammatory effects by reducing
inflammatory factors such as interleukin-4 (IL-4), inducible
nitric oxide synthase (iNOS),!*® which plays an important role in
the development of symptoms of CR.['1 Moreover, HGWD
exerts multiple therapeutic effects by acting on multiple
targets.l'8! Although previous studies estimated that HGWD is
therapeutically effective for CR, a systematic review of these
studies as regards HGWD treating for CR is required to more
accurately assess the efficacy and safety.

2. Methods

All pooled analyses are based on previously published studies,
and thus no ethical approval and patient consent are required.
The protocol of systematic review was published in the

International Prospective Register of Systematic Reviews
(PROSPERO registration no.CRD42018105000, which was
available on https://'www.crd.york.ac.uk/prospero/display_re
cord.php?RecordID=105000).

Medicine

2.1. Literature research

As with the original review, we used the search strategies
recommended by the Cochrane Back Review Group for the
identification of randomized controlled trials (RCTs).""”! The
literature was retrieved using multiple online databases including
Pubmed, Web of Science, Embase, the Cochrane Library, Chinese
National Knowledge Infrastructure Database, Wanfang data-
base, and VIP database, for all years up to August, 2018. There
were no limits on study dates or any language, publication type,
and status restrictions. The key terms used in these searches were
“cervical radiculopathy,” “cervical spondylotic radiculopathy,”
“nerve-root type cervical spondylosis,” “neck and arm pain,”
“neck pain with radiculopathy,” “neck disorder with radicul-
opathy,” “Huangqi Guizhi Wuwu Tang,” “Huangqi Guizhi
Wuwu Decoction,” “Huangqi Guizhi Wuwu.” Different search
strategies were used for Chinese and foreign language databases.
In addition, the reference lists of previously published systematic
reviews on the subject of HGWD for the treatment of CR were
manually examined for pertinent studies.

2.2. Inclusion criteria

The retrieved literature was screened by 2 independent inves-
tigators to evaluate eligibility, and any discrepancies were settled
by discussion and consensus. First, the titles and abstracts of
searched studies were screened. Then, full papers were reviewed
to examine whether each study met the following criteria:

(1) RCT;

(2) types of participants must be patients suffering from CR;

(3) experimental studies using HGWD or modified HGWD
(without restriction for control group).

When multiple time points were reported either in 1 particular
report of a study or over the course of several articles from the
same study, the longest follow-up period on treatment was
considered in our article. If overlapping subject populations were
enrolled in different reports, the one of higher quality or with a
larger sample size was selected for inclusion. Full texts of all
references were available.

2.3. Exclusion criteria
The excluded studies were excluded due to the following reasons:

(1) studies does not conform to the above criteria;

(2) both the treatment group and the control group included
HGWD;

(3) studies were in the form of letters, abstracts, reviews, or
comments;

(4) studies were impossible to extract relevant data;

(5) the CR patients were treated with surgery.

2.4. Data extraction

The following data were independently extracted by 2 authors:
the name of first author, year of publication, study type, country,
number of patients under HGWD treatment and control group,
sample size, age, gender of patients, disease course, the details of
control interventions, Follow-up duration, outcome, and inter-
vention period. When relevant data had not been reported, we
contacted the authors by email or in other ways to attempt to
obtain the missing information.
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2.5. Quality assessment

We assessed the risk of bias of RCTs in this review using the
Cochrane Collaboration Risk of Bias Tool. And risk of bias was
assessed according to the Cochrane Handbook.!"”! For each
included study, each type of bias was rated as high, low, or
unclear and entered into the risk of bias table. Four review
authors, 2 with methodological expertise and 2 with content
expertise, independently assessed the risk of bias of the included
studies. The review authors resolved any disagreements by
discussion, including input from a third independent review
author if required.

2.6. Outcome measures

Clinical efficacy was the main outcome, and the secondary
outcomes were visual analog scale (VAS), neck disability index
(NDI).

2.7. Data synthesis and statistical analysis

The outcomes of interest include dichotomous data and
continuous variables, Dichotomous data were expressed as the
risk ratio (RR) and mean difference (MD) was used to assess the
difference in the continuous outcomes between the groups. Also,
Standardized mean difference (SMD) was chosen if clinical
outcome was the same but measured using different methods in
the different trials. Its corresponding 95% confidence interval
(CI) for each parameter was computed in HGWD-treated versus
control group. Statistical heterogeneity across included studies
was examined by the Cochrane Q test. An I>> 50% signified the
possibility of statistical heterogeneity, and the random-effects
model was chosen for the computation of MD or SMD with its
corresponding 95% CI. Otherwise, no obvious heterogeneity
(I*<50%) was considered to have occurred in the included
studies, and the fixed-effects model was selected to generate the
MD or SMD with its corresponding 95% CI. The forest plot for
each parameter was constructed to illustrate the weight ratio of
each incorporated study. In order to evaluate the sensibility of the
meta-analysis, articles were excluded one by one and the
differences of the combing effect before and after exclusion were
compared. If the pooled outcomes reversed after exclusion, the
outcomes may be unstable. All statistical analyses were carried
out using the RevMan35.3 software, and the significance threshold
was a 2-sided P<.05. According to Cochrane Handbook 5.3, if
Inclusion studies include a study with multiple intervention groups,
the recommended method in most situations is to combine all
relevant experimental intervention groups of the study into a single
group and to combine all relevant control intervention groups into
a single control group. And the formulates of continuous variables
for combining groups are displayed in Table 2. For dichotomous
outcomes, both the sample sizes and the numbers of people with
events can be summed across groups. Furthermore, the within-
subject change standard deviation, which was calculated based on
means and standard deviations at baseline and follow-up provided
in articles, was required for the meta-analysis. Thus weighted by
the sample size of each trial:

SD(follow—up—baselme)

P 3
= \/ SDjaseline T SDfollow—up — (2 X COr(foliow—up-baseline) X SDbaseline X SDfollow-up)

Moreover, the main outcome is analyzed by trial
sequential analysis (TSA), the TSA program V.0.9 beta software

www.md-journal.com

Formulate of continuous variables for combining groups.

Group1 Group2 Combined groups
Sample size N N, M+ M2
mean M My e
SD SDy SD, \/(Nl—1)SD%+(Nz—1)SD%+§‘;';X?Z(Mf+M§—2M1MZ)
N;+N,—1

(http://www.ctu.dk/tsa) was used. In this study, The type I error
(o) and power (1-B) were set as 0.05 and 0.80, respectively. And a
relative risk reduction of 20% in incidence of CR. The control
event rates were calculated from the control group.

2.8. Grading of recommendations assessment,
development, and evaluation (GRADE)

The GRADE method was used to assess the quality of the
evidence for each outcome of meta-analysis. Levels of quality of
evidence recommended by the GRADE Working Group were
defined as high (++++), moderate (+++), low (++), and very low
(+). The judgments were based on risk of bias, inconsistency,
indirectness, imprecision, and publication bias. We operated on
this web page: https://gradepro.org/.

3. Results

3.1. Literature search and study sample characteristics

The search results are displayed in Figure 1. The primary
searches indentified a total of 306 references using the outlined
literature search strategy. Of these, 138 references were repeated
literature in different databases and were excluded. According
to the inclusion and exclusion criteria, 121 articles were
excluded after reading the title and summaries. Then, after a
detailed evaluation of full text, an additional 39 references were
excluded. Among these, 1 trial was excluded because it use
similar data with other trial. Nine studies were excluded because
of incomplete data or unable to extract data. Five studies
claimed that the trials were RCTs, but actually quasi-RCTs. 6
trials lack to a control group. Four duplicates of same article
were excluded. Six studies were excluded because they used
another traditional Chinese medicine in the treatment group.
Eight trials were not in according with the inclusion criteria or
compliance with exclusion criteria. Finally, 8 RCTs?°*"! were
included in the systematic review.

The characteristics of the included trials are summarized in
Table 3. All trials were published in Chinese. Two studies?>*°!
were RCTs with 3 parallel arms and the rest were trials with 2
parallel arms. In this meta-analysis, a total of 783 participants
with CR were involved (429 and 354 in the treatment and control
group, respectively). The main intervention strategies were
categorized as “Modified HGWD,[29-23:251 «Modified HGWD,
external application of Chinese medicine plus manipula-
tion,”?*261 “Modified HGWD plus acupuncture.”’*”! The trial
sample size ranged from 60 to 128 participants. The intervention
period is reported between 10 days and 4 weeks. Baseline
imbalance was not found in the demographic characteristics or
the outcomes between the study groups. No trial reported details
of sample size calculations, and none of 8 trials were placebo-
controlled trials.
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Figure 1. Flow diagram of literature search.

3.2. Risk of bias

Figure 2 showed the graph of methodological quality. In the
included studies, 6 trials described methods of randomization
using a random mumble table!*%*1:232%271 or computer random
method.'*’! The remaining 2 trials!*>*®! indicated “randomly
allocating,” the method used to generate the randomization
sequence was not described. Only 1 study showed allocation

concealment using “envelope method.”'?”! And the other studies
did not report it clearly. All trials did not mention whether or not
to use the blind method, No trial reported participant losses, so
attrition bias was low risk. Selective reporting was difficult to
assess, and trial protocols were unavailable. All trials were
generally assessed low in quality and contained risk of
bias, suggesting future studies might influence the results in this
meta-analysis and require revising the conclusion.

Basic characteristics of the included trials.

Intervention
Age, yr Sample size  during of disease Treatment Control group Intervention  Follow-up Outcome
Study ID M/F M/F T/C group (T) (C) period duration measure
Zhou Jie 20148 Mean:56.5 48/42 21 d Modified HGWD MeCobalamin tablets 15d 15d VAS
(28-72) (3 d-5 mo)
Zhang Qiang T:Mean:48.83 (22—-70) T:60 (21/39) T:Mean:3.14 wk Modified HGWD Jing fukang granules 10d 10d VAS, NDI,
20161 C:Mean:47.95 (23-69)  C:60 (22/38) (0.28-28 wk) Clinical
C:Mean:3.06 wk effectiveness
(0.3-28 wk)
Zhang Hao T:Mean:47.3 T:42 (17/25) T:3 d-5 mo Modified HGWD MeCobalamin tablets 14 d 14d Clinical
2017 (18-72) C:42 (19/23) C:5 d-4 mo effectiveness
C:Mean:46.5
(23-75)
Jiang Hao 2015%" T:49.67 +£9.05 T.87 T:9.26 +6.92 mo Modified HGWD Manipulation 14 d 6 mo VAS, NDI, Clinical
(:50.28+9.33 C:41 (€:10.56 +6.46 mo effectiveness
Jiang Zeping T:43.2+3.3 T:52 (30/22) T:2.6+0.7 yr Modified HGWD + EACM + Manipulation 20d 20d Clinical
20101%% C:42.3+37 C:49 (27/22) C:26+0.6 yr EACM + manipulation effectiveness
Liu Feng 20143 T:43+8.1 T:40 (23/17) T52+1.7yr Modified HGWD Manipulation 4wk 4wk VAS, NDI,
C:40.9+4.6 C:20 (10/10) C:53+15yr Clinical
effectiveness
Su Ciming 201324 T:43.3+15.5 T:50 (27/23) T:425+13.8 mo  Modified HGWD + EACM-+ Manipulation 20d 20d Clinical
C:40.2+14.7 C:50 (24/26) C:44.8+15.5 mo EACM + manipulation effectiveness
Xue Aiguo 2013 T:41.3+£125 T:50 (22/28) T:25.3+12.2 mo Modified HGWD + Acupuncture 14 d 14d VAS, Clinical
C:421+11.8 C:50 (23/27) C:26.6+13.3 mo acupuncture effectiveness

C=control group, d=day, EACM =external application of Chinese medicine, HGWD =Huangqi Guizhi Wuwu Decoction, M/F =male and female, mo=month, NDI=neck disability index, T=treatment group,

VAS =visual analog scale, wk=week, yr=year.
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Figure 2. Risk of bias graph.

3.3. Meta-analysis results
3.3.1. Efficacy. The clinical efficacy is shown in Figure 3, the

results of the 7 trials'?'~*"were included in the meta-analysis, and
demonstrated a significant difference in clinical efficacy between
the treatment group and the control group. A fixed-effects model
was used for statistical analysis according to the insignificant
heterogeneity (I*=12%). Results from the pooled analysis
indicated that there were significant differences in improving
clinical efficacy in favor of the HGWD treatment (n=693; RR=
1.12; 95%CL: 1.06-1.19; Z=3.71; P=.0002). In addition, TSA
showed that the cumulative Z curves crossed the conventional
and the trial sequential monitoring boundaries, reached the
significant area, which led us to draw a conclusion. Thus, it is
unlikely that further trials will change the conclusion and are not
necessary (Fig. 4).

3.3.2. VAS. Five trials,?%?12325271 jnyolving a total of 469
patients, reported VAS as an outcome in the groups, and these
trials exhibited significant heterogeneity (I =86%), as shown in
Figure 5. And accordingly, a random-effects model was used for
statistical analysis. The meta-analysis of 5 trials revealed that
patients treated by the HGWD had a statistically significant
decrease in VAS (MD=0.99; 95% CI: 0.83-1.14; Z=12.57;
P <.00001).

3.3.3. NDI. NDI was reported in 3 studies.”?""*>*%! The significant
heterogeneity between trials was observed (I*=96%), and;
therefore, a random-effects model was used for statistical analysis
(Fig. 6). The meta-analysis from the 3 independent trials
demonstrated that participants treated with HGWD therapy
improving more significantly than participants treated with other
therapy (MD=9.2;95% CI: 8.28-10.11; Z=19.75; P <.00001).

3.3.4. Adverse effects. As shown in Table 1, none of 8 studies
reported adverse effects. No trial paid attention to the side effects
from treatment or adverse events for the participants.

3.3.5. Publication bias. For the same intervention and outcome,
the number of included trials (less than 10) was too small to
conduct any sufficient additional analysis of publication bias.

3.3.6. Grade. The GRADE level of evidence is moderate for each
outcome. Table 4 shows the GRADE evidence profiles. The main
reasons for a deceasing level were inconsistency and optimal
information size was not met.

4. Discussion

The clinical manifestations of CR are broad and may include
pain, sensory deficits, motor deficits, diminished reflexes, or any

Experimental Control Risk Ratio Risk Ratio
Stud uba el al E : eight xed, 95% CI M-H, Fixed. 95% CI
jiang hao2015 67 87 32 41 159% 0.99[0.81,1.20 e m—
jiang zeping2010 50 52 43 49 162%  1.10[0.97,1.23] p|
liufeng2014 34 40 16 20 78% 1.06[0.82,1.37] =
su ciming2013 48 50 45 50 165%  1.07[0.96,1.19] o
¥ue aiguo2013 48 50 44 50 16.1% 1.11[1.00, 1.24) o
zhang hao2017 38 42 32 42 11.7% 1.19[0.98,1.44] T =
zhang giang2016 ar 60 43 60 157% 1.33[1.12,1.57] ——
Total (95% CI) 381 312 100.0%  1.12[1.06, 1.19] R 4
Total events 343 255 . . ? :
Heterogeneity. Chi*=6.81,df=6 (P=0.34); F=12% 0:5 0:? 5 1:5 i

Testfor overall effect: Z= 3.71 (P = 0.0002)

Favours [control] Favours [experimental]

Figure 3. clinical efficacy comparison.
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Figure 4. Trial sequential analysis with clinical efficacy.

combination of the above resulting from compression of cervical ~ and development. However, treatment by western medicine is of
nerve roots by obstructions such as intervertebral, osteophyte,  limited clinical efficacy, safer and more effective therapies
and so on.”® The past decades have witnessed an unprecedented ~ are urgently needed. Additionally, it has been increasingly
expansion in the fields of drugs for the treatment of CR discovery =~ acknowledged that traditional Chinese medicine has substantial
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Figure 5. VAS comparison. VAS = visual analog scale.
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liufeng2014 2405 593 40 191 548 20

zhang qiang20186 247 285 60 138 291 60

Total (95% CI) 187 122
Heterogeneity: Chi*= 51.40, df= 2 (P < 0.00001); F= 96%
Test for overall effect Z=19.75 (P < 0.00001)

Mean Difference Mean Difference
ight IV, Fixed, 95% Cl 95% Cl
125% 1.581.01,4.17)
81%  4.85[1.93,7.97) e
78.4% 10.90(9.87,11.93] 0
100.0% 9.20[8.28, 10.11] *

-20 -10 0 10 20
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Figure 6. NDI comparison. NDI = neck disability index.
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studies were RCTs and several RCTs were not brought into.
< % Besides, a outcome, NDI, a high-grade evaluation indicator
gl & g N recommended in the guideline for CR by the North American
i E % ~ - Spinal Association, is not yet analyzed. A strength of the current
g °| 8 review is that we collected more appropriate literature, which
g included only RCTs. Also, more outcome indicators can be
Slg8| = analyzed. As the latest and most comprehensively updated meta-
-8 g - N analysis, the present study further reinforces the earlier results of
gé 5 = previous meta-analysis. In addition, we registered the protocol of
5 § % this study on PROSPERO. The transparency and quality of meta-
analysis may be increased by registering a protocol. Moreover, the
@ GRADE approach was performed to give the level of evidence.
5 -g Thus, the conclusions of this study can be clinically used and easily
S § . . . transferred to guidelines. Finally, TSA was further applied to
s| S 5 5 increase the robustness of this meta-analysis, estimating the effect
more conservatively. Itis unlikely that further trials will change the
5 conclusion and are not necessary as for the main outcome, efficacy.
8| 2 'z g Several limitations are worthy to be mentioned. First, only 8
g ; E § RCTs were included in this meta-analysis; therefore, a more
definitive results of HGWD for treating CR requires larger and
g . " - better-designed RCTs. Also, subgroup analysis cannot be carried
g g 2 g out due to a small sample size. Second, some heterogeneity was
E é é g detected, the origin of which may be the herb ingredients, dosage
and treatment period varied among the trials. And thus, it might
) have negatively impacted the reliability of the outcomes. Thirdly.
P 2 2 Ei g Long-term effectiveness of HGWD for treating people with CR is
E g2l 2 2 g8 | not known, and data concerning cost-effectiveness of HGWD
g E| 2 = = ° was unavailable in this meta-analysis.
o 2
§ Sg ¢ - - £ 5. Conclusion
o (B3| 3 8 3 8 -
-5 S ks k<) =
8 = = = & . The available evidence suggests that HGWD could be considered
] P P P SE as a potential treatment of CR, it can significantly reducing the
c = = = S = . . .
§ =5 % g g % § VAS .and NDI,. which means that he can re.heve the pain of CR
3| |28 ¢ £ £ = % and improve its symptoms, so as to achieve .t.he purpose Qf
2z g € e =8 treating this disease. Despite the apparently positive results, it is
b g T 2% BT é % e premature to conclude the effectiveness of HGWD for treating
< ; 2 g 3 = é £ g CR in virtue of the high heterogeneity and low methodological
o g > 3 = = g2 quality of the included studies. Hence, well-designed, large-scale,
ﬁ £ é =3 = = E £ = high-quality, long-term RCTs are required to provide more
=3lE =l5. 2., 2. 5°F reliably assessments.
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