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The objective of this systematic review was to conduct a meta-analysis of the

efficacy and safety of total glucosides of paeony (TGP) for the treatment of ankylosing

spondylitis (AS). TGP is commonly applied as a complementary medicine, especially in

combination with disease-modifying antirheumatic drugs (DMARDs) and/or non-steroidal

anti-inflammatory drugs (NSAIDs) to treat AS in China. Nevertheless, the efficacy and

safety of TGP combination treatment still needs more validation. A systematic literature

search was conducted using PubMed, EMBASE, Web of Science, the Cochrane library,

ClinicalTrials, the Chinese Biomedical Literature database (CBM), the China National

Knowledge Internet (CNKI), the Wan Fang Medical Database and the VIP Database for

available randomized controlled trials (RCTs) investigating the efficacy and safety of TGP

on AS up to November 2018. Review Manager 5.3 software and Stata 12.0 software

were used to analyze all included studies according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) Statement protocol. The pooled

results of 23 RCTs exhibited better symptoms improvement (SI) (95% CI 1.16 to 1.36),

lower erythrocyte sedimentation rate (ESR) (95% CI −5.89 to −1.32), lower levels of

C-reactive protein (CRP) (95% CI −5.01 to −1.49), morning stiffness (MS) time (95% CI

−3.46 to −1.86), finger to floor distance (FFD) (95% CI −4.80 to −0.86), peripheral joint

pain index (PJPI) (95% CI −3.48 to −0.69), and higher level of thoracic expansion (TE)

(95% CI 0.18–0.40) in TGP group. While Schober’s test (Schober) showed no significant

difference between the two groups. Adverse events (AEs) were significantly decreased

(95% CI 0.48–0.79) with the usage of TGP. It is worthwhile to apply TGP as an auxiliary

medicine on AS for better efficacy and less side effects, especially when considering the

impact of traditional treatment on the liver. Still, further clinical trials with larger sample

and better methodological quality are warranted to ascertain the potential benefits of

TGP on AS.
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Huang et al. Meta-Analysis of TGP on AS

FIGURE 4 | The intervention subgroup of TGP. Forest plots comparing TGP group and control group. (A) SI; (B) ESR; (C) CRP; (D) TE; (E) MS; (F) Schober; (G) FFD;

(H) PJPI. TGP, total glucosides of peony; SI, symptom improvement; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TE, thoracic expansion; MS,

morning stiffness; Schober, Schober’s test; FFD, finger to floor distance; PJPI, peripheral joint pain index.
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FIGURE 5 | The dosage subgroup of TGP. Forest plots comparing TGP group and control group. (A) SI; (B) ESR; (C) CRP; (D) TE; (E) MS; (F) Schober; (G) FFD; (H)

PJPI. TGP, total glucosides of peony; SI, symptom improvement; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TE, thoracic expansion; MS, morning

stiffness; Schober, Schober’s test; FFD, finger to floor distance; PJPI, peripheral joint pain index.

The MD of ESR was −6.37 mm/h (95% CI: −8.69 to −4.04),
consistent with that of CRP (MD: −5.95 mg/L; 95% CI: −7.76 to
−4.14). Similarly, the TGP group also showed a positive impact

on TE, MS, and Schober’s test, values of their MD were 0.31 (95%
CI: 0.19 to 0.43),−7.49 (95% CI:−11.30 to−3.67) and 0.17 (95%
CI: 0.06 to 0.28).
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FIGURE 6 | The pooled effects of TGP in combination treatment with DMARDs on AS. Forest plots comparing the TGP group and the control group. (A) ESR; (B)

CRP; (C) MS; (D) TE; (E) Schober. TGP, total glucosides of peony; DMARDs, disease-modifying antirheumatic drugs; AS, ankylosing spondylitis; ESR, erythrocyte

sedimentation rate; CRP, C-reactive protein; TE, thoracic expansion; MS, morning stiffness; Schober, Schober’s test.

AEs
As displayed in Figure 8, 20 studies reported outcomes for AEs.
The occurrence in the TGP group was significantly reduced
compared with the control group (RR = 0.62, 95% CI 0.48–0.79,
P = 0.0002). Table 2 lists all AEs that occurred in the included
trials. Abnormal liver function was observed in 17 trials (Zhao

et al., 2003; Liu et al., 2004; Deng et al., 2005; Zhang et al., 2007,
2017;Wang and Liu, 2008; Xiong and Tang, 2009; Xia andHuang,
2010; Jiang et al., 2012; Su, 2012; Wang, 2012; Ruan and Zheng,
2013; Yue, 2013; Li et al., 2014; Wu et al., 2014; Mou and Hu,
2017; Zheng et al., 2018), and the cases were less frequent in
the TGP group compared with the control group. Fourteen trials
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FIGURE 7 | The pooled effects of TGP in combination treatment with DMARDs and NSAIDs on AS. Forest plots comparing the TGP group and the control group. (A)

SI; (B) ESR; (C) CRP; (D) TE; (E) MS; (F) Schober. TGP, total glucosides of peony; DMARDs, disease-modifying antirheumatic drugs; NSAIDs, non-steroidal

anti-inflammatory drugs; AS, ankylosing spondylitis; SI, symptom improvement; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TE, thoracic expansion;

MS, morning stiffness; Schober, Schober’s test.

reported diarrhea (Wu et al., 2002; Zhao et al., 2003; Liu et al.,
2004;Wang and Liu, 2008; Xiong and Tang, 2009; Xia andHuang,
2010; Jiang et al., 2012; Su, 2012; Wang, 2012; Ruan and Zheng,
2013; Yue, 2013; Zhang, 2015; Zhang et al., 2017; Zheng et al.,

2018), and the occurrence in the TGP group was higher than in
the control group. Gastrointestinal disorder was recorded in 12
trials (Wu et al., 2002; Liu et al., 2004; Zhang et al., 2007; Wang
and Liu, 2008; Xiong and Tang, 2009; Xia and Huang, 2010; Jiang
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FIGURE 8 | Total AEs of TGP on AS. Forest plots comparing TGP group and control group. TGP, total glucosides of peony; AS, ankylosing spondylitis.

et al., 2012; Su, 2012; Yue, 2013; Zhang, 2015; Mou and Hu, 2017;
Zheng et al., 2018) and the pooled results showed a reduction
of gastrointestinal disorder in the TGP group. Leukopenia was
less frequent in the TGP group, which was described in six trials
(Deng et al., 2005; Xiong and Tang, 2009; Su, 2012; Yue, 2013;
Mou and Hu, 2017; Zhang et al., 2017). Four trials (Zhang et al.,
2007, 2017; Su, 2012; Yue, 2013) reported lower occurrence of
rash in the TGP group. Tingling or numbness in the hands and
feet was recorded in three trials (Ruan and Zheng, 2013; Wu
et al., 2014; Zhang et al., 2017), and the occurrence was less
frequent in the TGP group. Three trials (Wu et al., 2002; Ruan
and Zheng, 2013; Zhang, 2015) observed headache, whereas one
favored the TGP group and another favored the control group.
Insomnia was mentioned in two trials (Wu et al., 2002; Zhang,
2015) and it seemed that TGP could ameliorate insomnia. Two
trials (Ruan and Zheng, 2013; Wu et al., 2014) that included the
usage of thalidomide described less frequent constipation when
thalidomide was given in combination with TGP. A discrepancy
was found concerning mucosal ulcer in two trials (Zhang et al.,
2007; Ruan and Zheng, 2013). A trial (Wu et al., 2014) also
showed occurrences of sleepiness, dizziness and drymouth; cases
of sleepiness and drymouth were less in TGP group, but cases of
dizziness remained the same between two groups. Another trial
(Ruan and Zheng, 2013) indicated that TGP reduced the cases of
lower limb edema.

Sensitivity Analysis
There were no significant changes in sensitivity analysis
(Figure 9) from SI, ESR, CRP, TE, MS, Schober’s test, or PJPI.
But for FFD, the heterogeneity was reduced remarkably (I2
reducing from 85–36%) upon the removal of Zhang’s 2007
trial (Zhang et al., 2007).

Publication Bias
Stata 12.0 software was used to assess publication bias, and
Egger’s test with p > 0.05 was deemed low heterogeneity. The
results (Figure 10) of SI (p = 0.941), ESR (p = 0.893), TE (p
= 0.13), MS (p = 0.055), Schober (p = 0.369), FFD (p =0
.190), and PJPI (p = 0.812) signified nominal bias aside from
CRP (p= 0.035).

DISCUSSION

Summary of Evidence
Despite significant advances in the treatment of AS,
many problems such as high cost and side effects limit
their clinical applications. Striking a balance between
efficacy and cost is a question that clinicians and
patients need to consider carefully. TGP has precise
immunomodulatory and anti-inflammatory effects and should
be a reasonable complementary choice for the treatment of
autoimmune diseases.

This is the first PRISMA-compliant systematic review to assess
the efficacy and safety of TGP for patients with AS, which may
provide an alternative treatment for AS. The pooled results
suggested that TGP adjuvant therapy enhanced SI, reduced
the levels of ESR, CRP, MS, FFD, PIPJ, and increased the
level of TE, but had little influence on Schober’s test, which
in general could elucidate that TGP had a significant effect
in the treatment of AS. To figure out the potential sources
of heterogeneity, subgroups of intervention time, dosage of
TGP and concomitant medicine were conducted. As far as
intervention time was concerned, improvement was observed in
SI and Schober’s test. While for the dosage subgroup, outcomes
of ESR, TE, MS, FFD, and PJPI were ameliorated as dosage
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TABLE 2 | The AEs about all included trials.

AEs Experimental Control

Events Total Events Total

Patients with AEs 164 685 269 676

Abnormal liver function 21 587 88 575

Diarrhea 52 504 18 490

Gastrointestinal disorder 54 383 81 373

Leukopenia 6 239 14 232

Rash 3 160 6 155

Numbness 4 155 10 155

Headache 7 114 9 114

Insomnia 2 74 3 74

Constipation 1 80 15 80

Mucosal ulcer 5 66 6 68

Sleepiness 10 40 12 40

Dizziness 3 40 3 40

Dry mouth 0 40 1 40

Lower limbs edema 6 40 11 40

Meta-analysis (fixed effect model or random effect model) was done for these AEs:

Patients with AEs: (RR = 0.62, 95% CI 0.48–0.79, P = 0.0002); Abnormal liver function:

(RR = 0.26, 95% CI 0.17–0.40, P < 0.00001); Diarrhea: (RR = 2.48, 95% CI 1.53–4.01,

P = 0.0002); Gastrointestinal disorder: (RR = 0.67, 95% CI 0.51–0.89, P = 0.005);

Leukopenia: (RR = 0.41, 95% CI 0.16–1.05, P = 0.06); Rash: (RR = 0.53, 95% CI

0.15–1.89, P = 0.33). AE, adverse event.

of TGP increased. When stratified with concomitant medicine,
TGP+ DMARDs and TGP+ DMARDs+ NSAIDs were carried
out. Comparing TGP+ DMARDs with DMARDs alone, ESR,
CRP, TE, and MS exhibited no statistical differences, whereas
Schober’s test had some. Notably, comparing TGP+ DMARDs+
NSAIDs with DMARDs+ NSAIDs, pooled results exhibited
that TGP had markedly beneficial effects on all outcomes.
Therefore, intervention time, dosage of TGP, and concomitant
medicine were factors that were attributed to high heterogeneity.
However, efficacy of TGP was not consistent in all outcomes
with the increase of intervention time and dosage, and the
results were thoroughly different with the usage of NSAIDs. The
phenomenon might be explained by several reasons. To begin
with, data were not sufficient in each group, making it difficult
to synthetize. Additionally, concomitant medicines were various
in all groups, which increased the complexity of the subgroups.
Thirdly, low quality of included trials may cause subjectivity
to a certain degree. Moreover, NSAIDs, as the first-line drug
for AS, might exert better efficacy for all outcomes. The fact
that only FFD was changed obviously in the sensitivity analysis
indicated the robustness and reliability of the results. Taking
the possible publication bias into consideration, scrupulous
conclusions should be interpreted regarding CRP.

The results of AEs, to our surprise, were decreased
considerably in TGP group, among which events of abnormal
liver function and gastrointestinal disorder were reduced
significantly. And there was no statistically difference regarding
rash and leukopenia, only were occurrences of diarrhea
increased. A small proportion of patients prescribed with TGP,
observed clinically, reported stool changes, such as diarrhea,

but generally the situation relieved or disappeared without any
treatment or after reducing the dosage. It drew our attention
that when TGP was combined with thalidomide, the AE
of thalidomide—constipation and the AE of TGP—diarrhea
decreased clearly, contributing to an impressive therapeutic
regimen on which patients without fertility needs might benefit
from attempting.

Increased level of tumor necrosis factor (TNF)-a in the
serum, synovium and sacroiliac joints is one of the hallmarks
of AS, so the guideline by ASAS-EULAR also recommends
TNFi therapy when conventional treatments fail to control
inflammation (Ren et al., 2013; van der Heijde et al., 2017).
Two trials (Li et al., 2014; Zhang et al., 2017) demonstrated
that TGP could effectively reduce expression of TNF-a compared
with the control group. The anti-inflammatory property
TGP displayed was also substantiated in other clinical and
animal experiments, and the underlying mechanisms might
be attributed to the reduction of the infiltrated T cells,
the regulation of the NF-κB signaling pathway and so on
(Chen et al., 2016; Wang et al., 2016).

Cardiovascular disease (CVD) risk in patients with AS is
substantially elevated compared with healthy populations, and
the intake of NSAIDs is associated with an increased CVD risk
(Roubille et al., 2015; Agca et al., 2017). So TGP, a drug also
exerting the lipid-regulating effect, may be prescribed as an
adjunct combined with NSAIDs (Zheng et al., 2014; Zhang and
Fan, 2016). Since the lipid profile has yet to be investigated in
clinical trial regarding TGP on AS, we propose more emphasis to
be put on this aspect.

LIMITATIONS

Several limitations in the meta-analysis should also be taken
into account. First, the limited data of some subgroups
might limit the ability to generalize the conclusion. Second,
some methodological weaknesses in the primary studies
existed, making it prone to produce false positive, or false
negative results. Moreover, all included trials were performed
in China, which might present a high risk of selection
bias. Additionally, high heterogeneity, possibly owing to
distinct disease state and concomitant medicine in some
results, should be considered seriously when interpreting
the results.

IMPLICATIONS FOR PRACTICE

Application of TGP has been increasing in the treatment
of AS for several years; however, its mechanisms and the
efficacy as an adjunct have not been fully recognized among
clinicians. Regarding the efficacy-enhancing, hepatoprotective,
and potential CVD-reducing effect of TGP, the combination
treatment with DMARDs/NSAIDs/thalidomide may provide
a quite high performance-to-price ratio option, especially
for patients with AS who cannot afford the high expense
of biologicals and who are in mild or moderate disease
activity. Additionally, it is an indication for patients

Frontiers in Pharmacology | www.frontiersin.org 12 March 2019 | Volume 10 | Article 231

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Huang et al. Meta-Analysis of TGP on AS

FIGURE 9 | Sensitivity analysis. (A) SI; (B) ESR; (C) CRP; (D) TE; (E) MS; (F) Schober; (G) FFD; (H) PJPI. SI, symptom improvement; ESR, erythrocyte sedimentation

rate; CRP, C-reactive protein; TE, thoracic expansion; MS, morning stiffness; Schober, Schober’s test; FFD, finger to floor distance; PJPI, peripheral joint pain index.

suffering from constipation. Based on evidence from our
meta-analysis, 6 months of course and 0.6 g tid/0.9 g tid
of dosage are recommended. If diarrhea occurs in some
patients, reduction of dosage or withdrawal can usually
be resumed.

CONCLUSIONS

Regarding TGP as an adjunct combined with DMARDs
and/or NSAIDs was a more effective and safer therapeutic
regiment, TGP is therefore suggested to be considered during
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FIGURE 10 | Egger’s test for publication bias. (A) SI; (B) ESR; (C) CRP; (D) TE; (E) MS; (F) Schober; (G) FFD; (H) PJPI. SI, symptom improvement; ESR, erythrocyte

sedimentation rate; CRP, C-reactive protein; TE, thoracic expansion; MS, morning stiffness; Schober, Schober’s test; FFD, finger to floor distance; PJPI, peripheral

joint pain index.

the conventional treatment of AS. Potential side effects of the
combination treatment also deserve consideration, especially
when administrated chronically. Further methodical and
rigorous clinical trials and experimental trials elucidating
the underlying mechanisms are warranted to verify
these conclusions.
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