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Objective: Herein, we purposed to evaluate the efficacy along with the safety of Xianling Gubao capsule (XLGB) combined with alendronate (ALE) for primary osteoporosis (POP) from the current literature.
Materials and Methods: We carried out a search for electronic literature in the PubMed, Chinese National Knowledge Infrastructure, EMBASE, Wanfang Web of Science, Chinese Biomedical Literature Database, Cochrane Library, as well as Chinese VIP databases targeting articles published from inception to December 2020. Only randomized controlled trials (RCTs) were enrolled into the study. Alkaline phosphatase (ALP), visual analogue scale (VAS), serum phosphorus (S-P), bone gla protein (BGP), serum calcium (S-Ca) and bone mineral density (BMD) were the primary outcome variable. The total clinical effective rate along with the adverse drug reaction (ADR) were the secondary outcome variables. The meta-analysis was conducted using RevMan 5.3 and STATA 12.0. GRADE pro3.6.1 software was used for the assessment of evidence quality.
Results: Overall, 20 RCTs focusing on 1911 patients were enrolled into the study. Our meta-analysis demonstrated that XLGB combined with ALE remarkably increased BMD (p < 0.001), BGP (p < 0.001), S-Ca (p < 0.001), S-P (p < 0.001) and effective rate (p < 0.001) than ALE alone in patients with POP. Moreover, ALP (p < 0.001) and VAS (p < 0.001) were overtly by decreased XLGB. However, XLGB combined with ALE would not markedly increase the rate of ADR in contrast with ALE alone (p = 0.499).
Conclusion: The results of our study demonstrated that XLGB is a potential candidate for OP treatment. We recommend that rigorous, as well as high-quality trials involving large samples sizes should be conducted to confirm our findings.
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INTRODUCTION
OP is a progressive skeletal condition which is chronic and manifests through reduced bone mass along with microarchitectural deterioration, resulting in elevated chances of fracture (Cosman, et al., 2014). The condition can elevate bone fragility, consequently increasing bone fracture risk particularly in the spine, hip, as well as wrist (Rachner et al., 2011). Reports show that about 9.9 million of the Americans suffer from osteoporosis, with an additional 43.1 million experiencing low BMD (Wright et al., 2014). OP prevalence in China was 14.94% before 2008 and increased to 27.96% from 2012 to 2015, with the rate being higher in females relative to males (Chen et al., 2016). Analogously, in the United States, 16% of men and 29.9% of women aged more than 50 years have OP on the basis of the diagnostic criteria of the NBHA (National Bone Health Alliance) (Wright et al., 2017). OP is categorized into two classes, namely secondary and POP. Secondary OP is caused by any disease and/or drug, which affects the bone remodeling, as well as other known causes (Si et al., 2015). On the other hand, primary OP consists of post-menopause OP, senile OP, and idiopathic OP. Post-menopause OP often develops at five to ten years post menopause, while senile OP primarily develops in older individuals with more than 70 years. Idiopathic OP primarily develops in adolescents, however, its etiology remains unclear. OP has been attributed to decreased quality of life, increased risks of death along with elevated burden on health systems economically (Orive et al., 2015). Therefore, the management of patients with osteopenia or OP is extremely urgent.
In the recent three decades, there have been remarkable advancements in the therapy approaches of OP (Bolland et al., 2010). The current treatment agents have been designed to maintain, as well as increase bone mass, at the same minimize chances of bone fractures. The OP treatment medications are classified into two groups, namely the anabolic drugs and the antiresorptive agents. The antiresorptive drugs consist of estrogen agonist/antagonists (EAAs), bisphosphonates, estrogens, as well as calcitonin. The anabolic agents include teriparatides (Ettinger, 2003; Lewiecki, 2010; Tu et al., 2018). Bisphosphonates are extensively employed to avert or treat OP through the induction of the apoptosis of osteoclasts and repressing resorption of bone tissue (Rogers, 2003). Of note, ALE is the most prescribed bisphosphonates, and has been documented to be effective and well-tolerated in preventing and treating OP (Adachi et al., 2001). A previous research documented that ALE reduces chances of vertebral fractures in men (Sawka et al., 2005). Besides, Okada et al. demonstrated that ALE provides protection in pre-menopausal women against fractures linked to high-dose glucocorticoid treatment and bone loss (Okada et al., 2008). However, despite the availability of numerous anti-OP medications with diverse pharmacological properties, as well as fixed-dose combination therapy, the targeted therapeutic effect is not attained in significant numbers of individuals with OP, and the mitigation of OP fracture has remained suboptimal (Burch et al., 2014; Ishtiaq et al., 2015).
Consequently, it is highly required to seek out newer therapeutic options or agents to treat OP. Recently, the growing utilization of complementary and alternative medicine, consisting of Chinese herbal medicine in treating OP has attracted extensive attention (Zhang et al., 2016; Li et al., 2017; Wang et al., 2018). XLGB is a frequently used Chinese herbal formula, has been widely used in OP, osteoarthritis, aseptic necrosis of head of femur and osteoporotic fracture in China (Xing et al., 2013). Its composition includes Epimedium, Dipsacus, Psoralen, Rehmannia glutinosa, Salvia miltiorrhiza, and Anemarrhena. It has the functions of nourishing liver and kidney, promoting blood circulation and clearing collaterals, strengthening muscles, and bones (Ni et al., 2011). A previous study has demonstrated that the component of XLGB can prevent ovariectomized (OVX)-triggered bone loss verified with biomarkers of bone mass, bone turnover, bone microarchitecture along with bone strength in mice and also effectively promotes osteoblast-like UMR 106 cell proliferation, as well as mineralization, in vitro (Wang et al., 2015). Besides, a multicenter RCT illustrated that treatment with conventional dose of XLGB for over one year is safe and remarkably increases the lumbar spine BMD at six months in postmenopausal women (Zhu et al., 2012). The main component of XLGB epimedium exerted a favorable influence by mitigating the loss of bone tissue in late post-menopausal women without leading to an evident hyperplasia influence on the endometrium (Zhang et al., 2007). More importantly, the authoritative academic institutions in China issued the latest guidelines on OP clinical diagnosis and treatment recommending the use of XLGB (Xie, et al., 2012; Osteoporosis and Bone Mineral Disease Branch of Chinese Medical Association, 2017; Osteoporosis Branch of Chinese Society of Gerontology and Gerontology, 2019). Numerous appropriate clinical trials on the safety and effect of XLGB combined with ALE have been conducted (Ye et al., 2018; Zhang et al., 2020); however, no systematic reviews or meta-analysis has been conducted on the efficacy, as well as the safety of XLGB combined with ALE focused on treating POP. Therefore, there is no research evidence on the use of a combination regimen of XLGB with ALE to treat POP. Thus, it is critical to conduct a meta-analysis on the safety and efficacy of XLGB add-on treatment in individuals with POP. Recently, growing number of high-quality RCTs have documented on the safety and effectiveness of a regimen of XLGB and ALE combination for treating POP. Hence, herein, we carried out a large sample-sized systematic review and meta-analysis involving high-quality RCTs to evaluate the effect and safety of XLGB combined ALE in treating POP. We aimed to provide research evidence for clinical practice.
METHODS
A systematic review and meta-analysis was carried out on the basis of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009), as well as Assessing the methodological quality of systematic reviews (AMSTAR) guidelines. This study has been registered in Research Registry (https://www.researchregistry.com/), registration number is reviewregistry1056. We have not collected any primary personal data; therefore, ethical approval was not need.
Database and Search Strategies
We performed electronic exploration in eight repositories, namely, PubMed, Chinese Biomedical Literature Database, Web of Science, Wanfang Database, EMBASE, Chinese National Knowledge Infrastructure, Cochrane Library, and Chinese VIP Database, from their respective establishment to December 2020. Additionally, we performed manual searches of extra relevant literature in the references of previously published systematic reviews. Moreover, the literature search was not limited to any language of publication. The search strategy in the English databases included: ([“Xianling Gubao Capsule”] OR [“Xianlinggubao Capsule”] OR [“Xianling Gubao”] OR [“Xianlinggubao”]) AND ([“alendronate”] OR [“alendronic acid”]) AND ([“osteoporosis”] OR [“primary osteoporosis”] OR [“postmenopausal osteoporosis”] OR [“senile osteoporosis”] OR [“age-related osteoporosis”]) AND ([“random control trials”] OR [“RCT”]). The free text terms used to search the Chinese databases, included ([“Xianling Gubao”]) and ([“a lun linsuan (which means alendronate in Chinese)”] and ([“gu zhi su song (which means osteoporosis in Chinese)”] or [“yuan fa xing gu zhi su song (which means primary osteoporosis in Chinese)”] or [“jue jing hou gu zhi su song (which means postmenopausal osteoporosis in Chinese)”] or [“lao nian xing gu zhi su song (which means senile osteoporosis in Chinese)”] or [“nian ling xiang guan xing gu zhi su song (which means age-related osteoporosis in Chinese)”]) and “sui ji dui zhao shi yan (which means RCT in Chinese)”.
Eligibility Criteria
Types of Studies
We only included RCTs that investigated the safety and efficacy of XLGB combined with ALE for OP without any limitation regarding the status of publication or language. If we found a relevant study with three arms of treatment, only data for the arm (s) entailing XLGB and the control arm (s) were extracted. We excluded quasi-randomized trials, including studies where the subjects were allocated based on the date of birth, as well as the order of admission number.
Types of Participants
We enrolled subjects diagnosed with primary OP (Kanis et al., 1994; Society, 2000) without regard to disease course and severity age, and gender. Additionally, we applied other diagnostic criteria with comparable definitions. Postmenopausal OP and senile OP are considered POP.
Types of Interventions
The examined treatment intervention was XLGB combined with ALE, notwithstanding the dosage, duration, administration route, administrated approaches or the administration period of therapy. The comparator was treated with ALE alone.
Types of Outcome Measures
The primary outcome parameters included: 1) ALP 2) BGP 3) S-Ca 4) S-P 5) VAS 6) BMD, including BMD-lumbar spine, BMD-femoral neck and BMD-Ward’s area). ADR and the total clinical effective rate were the secondary variables.
Exclusion Criteria

1) Non-randomized or quasi-RCT;
2) RCTs with participants who were not diagnosed with OP;
3) combined XLGB with other drugs;
4) Meeting abstracts, reviews, as well as animal experiments;
5) Duplicate publications, as well as RCTs with insufficient data.
Literature Selection
The PRISMA flow diagram was utilized in selecting the included studies. We imported the literature results into the Endnote X7 software. Two independent authors evaluated the prospective eligible articles by first screening the titles and abstracts to remove duplications and irrelevant studies or the RCTs outside the inclusion criteria. After that, we downloaded the full-texts of the remaining prospective studies and then reviewed them. Any discord between the first two authors was deliberated with a third independent investigator.
Data Extraction
Two independent reviewers retrieved the data, and then a third independent reviewer examined the uniformity. A standard form was utilized consisting of the retrieved items, including the general information of the study: the name(s) of the author (s), date of publication, criteria used in diagnosis, study design, age of participants, sample number, intervention method involving XLGB and ALE, course of treatment, and duration of disease. Regarding continuous outcomes, we retrieved the mean, number of participants, as well as the standard deviation (SD) in the respective study. Regarding dichotomous outcomes, the overall number as well as the number of the events of the XLGB group along with control group were retrieved. Where possible, we re-computed the data in other forms to allow for pooled analysis. Discords between these two reviewers, if any, were solved via discussions. Where necessary, we reached out to the corresponding authors of the included studies to provide us with the missing data or any extra information.
Assessment of the Quality of Enrolled Studies
Two independent authors evaluated the quality of methodology as well as the risk of bias of the enrolled RCT studies utilizing the Cochrane collaboration tool (Higgins and Green, 2011). This Cochrane tool evaluates following parameters: randomization, allocation concealment, blinding of subjects, outcome evaluation blinding, selective outcome reporting, incomplete outcome data, as well as other bias, for each item, categorizes studies into unclear, low, or high risk of bias.
Evidence Quality Assessment
The GRADE criteria was employed to assess the quality of the evidence (Balshem, et al., 2011; Guyatt, et al., 2011). The quality of evidence of the meta-analysis outcomes categorized into either very low, low, moderate, or high. Initially, the RCT outcomes were ranked as high-quality evidence. Each outcome’s quality was de-graded because of the following factors: risk of bias, imprecision, inconsistency, publication bias, and indirectness. GRADE pro3.6.1 software was employed to perform data analysis, as well as synthesis.
Statistical Analysis
All the retrieved data herein was analyzed in the STATA software (V.12.0; StataCorp, College Station, TX) for meta-analysis. If high statistical heterogeneity (p < 0.05 or I2 > 50%) was found, a random-effects model was applied, further subgroup analysis was need. Subgroup analysis was according to the type of OP and control medication because these two factors have a great influence on the therapeutic effect of OP. If subgroup analysis failed to identify the source of heterogeneity and the number of included studies regarding an outcome was more than 10 studies, we should perform meta-regression to further explore the cause of high heterogeneity. Sample size, treatment course, year of publication and age were common variables that cause heterogeneity, therefore, the meta-regression analysis for sample size, treatment course, year of publication and age was performed to determine the possible sources of inter-study heterogeneity. Otherwise, we used a fixed-effects model (p ≥ 0.05 or I2 ≤ 50%). We conducted a sensitivity investigation by excluding the individual articles one by one to test the strength and stability of the pooled data. Besides, the publication bias effect was examined using the Egger’s test. We computed the relative risk (RR) and the standard mean difference (SMD) for dichotomous outcomes and continuous outcomes, respectively.
RESULTS
Description of Studies
Overall, 540 relevant articles were identified from the eight databases. Next, 501 articles were left after elimination of duplicates. Afterwards, 466 articles were removed after detailed screening of titles of the abstracts. Thorough screening of the full text of the 35 studies was done, of which 15 were removed for not meeting the study inclusion criteria. Eight studies (Wei, 2013; Tan, et al., 2015; Zhou et al., 2016; Wang and Wang, 2017; Li, 2018; Li et al., 2018; Dang, 2019; Ni and Xiao, 2019) were removed for not RCT or real RCT. Three studies (Li, 2020; Lv, 2020; Xu et al., 2020) were removed for combining with other drugs. One study (Jiang, 2006)was removed for not diagnosed with OP. Three studies (Fang et al., 2001; Gong et al., 2012; Yu, 2014) were removed for insufficient data. Finally, 20 articles (Xu, et al., 2009; Zhuang, 2013; Fang, 2014; Liu, 2014; Bao and Lin, 2015; Bao and Li, 2015; Xu et al., 2015; Han, 2016; Hou et al., 2016; Liu and Bai, 2016; Zhang, 2017; Feng et al., 2018; Liu, 2018; Yan, 2018; Ye et al., 2018; Li et al., 2019; Kang et al., 2020; Wang F. L. et al., 2020; Zhang et al., 2020; Zhou, 2020) were included for analysis. Figure 1 illustrates the flow diagram of the search criteria, as well as the selection process in detail.
[image: Figure 1]FIGURE 1 | Flowchart of study selection.
General Characteristics of the Included Studies
Table 1 summarizes the characteristics of the all the enrolled RCTs. They were published between 2009 and 2020. Overall, the RCTs involved 1911 participants, 949 in the experimental group vs. 962 in the control group. All the studies examined the effect of XLGB combined with ALE on POP, eight studies (Liu, 2014; Bao and Li, 2015; Han, 2016; Liu and Bai, 2016; Liu, 2018; Li et al., 2019; Kang et al., 2020; Zhang et al., 2020) for senile OP, three studies (Xu, et al., 2009; Zhou, 2020; Zhuang, 2013) for postmenopausal OP and the others were unreported. In 11 of the included studies (Zhuang, 2013; Fang, 2014; Liu, 2014; Bao and Li, 2015; Bao and Lin, 2015; Han, 2016; Liu and Bai, 2016; Feng et al., 2018; Yan, 2018; Ye et al., 2018; Li et al., 2019; Zhou, 2020), calcium carbonate D3 was combined to both groups. Salmon calcitonin was combined to both groups in two studies (Zhang et al., 2007; Kang et al., 2020). The enrolled studies involved at least 3 months of the intervention except one study (Liu, 2018). The composition of XLGB of our included was shown in Table 2. The composition of XLGB was same in all included studies in our study. The composition of XLGB included Herba Epimedii (Epimedium brevicornu Maxim, Yinyanghuo), Radix Dipsaci (root of Dipsacus asper Wall et Henry, Xuduan), Fructus Psoraleae (Fruit of Psoralea corylifolia Linn, Buguzhi), Rhizoma Anemarrhenae (rhizome of Anemarrhena asphodeloides Bunge, Zhimu), Radix et Rhizoma Salviae (root and rhizome of Salvia miltiorrhiza Bunge, Danshen), and Radix Rehmanniae (root of Rehmannia glutinosa (Gaertn.) DC, Dihuang).
TABLE 1 | The characteristics of the included studies.
[image: Table 1]TABLE 2 | The composition of XLGB capsule.
[image: Table 2]Risk of Bias
The Cochrane risk of bias tool was employed to explore the risk of bias. Of the 20 enrolled articles, the criteria number varied from 7/7 to 4/7. Besides, 12 of the enrolled RCTs (Bao and Li, 2015; Feng et al., 2018; Han, 2016; Hou et al., 2016; Li et al., 2019; Liu, 2018; Wang, et al., 2020a; Xu et al., 2015; Ye et al., 2018; Zhang et al., 2020; Zhou, 2020; Zhuang, 2013) had documented the precise approach employed in random sequences generation. Five studies (Fang, 2014; Bao and Li, 2015; Ye et al., 2018; Wang Y. et al., 2020; Zhou, 2020) mentioned the concealment allocation. Eight studies (Bao and Li, 2015; Han, 2016; Kang et al., 2020; Liu, 2014; Liu and Bai, 2016; Xu, et al., 2009; Yan, 2018; Zhang, 2017) reported the blinding, the residual studies remained unclear. All the RCTs met the incomplete outcome data criterion as no drop-out patients or drop-out data were reported specifically. No studies had risk of bias in selective reporting. Baseline comparisons were present and the consent of the participants were well documented, and other biases were not present in all the enrolled studies. More details about risk of bias evaluation of each trial are indicated in Figure 2.
[image: Figure 2]FIGURE 2 | (A) Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies. (B) Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
Results of Meta-analysis
ALP
12 studies compared XLGB plus ALE with ALE regarding ALP (Fang, 2014; Bao and Li, 2015; Han, 2016; Hou et al., 2016; Zhang, 2017; Feng et al., 2018; Ye et al., 2018; Li et al., 2019; Wang Y. et al., 2020; Kang et al., 2020; Zhang et al., 2020; Zhou, 2020). As illustrated in Figure 3A, the pooled results deminstrated that XLGB plus ALE was remarkable for reducing ALP in contrast with ALE alone (SMD = −2.107; 95% CI = −2.695 to −1.519; p < 0.001; heterogeneity χ2 = 182.65, df = 11, I2 = 94.0%, p < 0.001). Meta-regression was employed to explore heterogeneity sources. The meta-regression analysis for sample size, treatment course, year of publication and age was performed to determine the possible sources of inter-study heterogeneity (Figure 4). Overall, the sample size (β = −0.002; p = 0.881; Adj R2 = −10.30%), course of treatment (β = −0.071; p = 0.479; Adj R2 = −5.26%), publication year (β = 0.065; p = 0.709; Adj R2 = −9.46%) and age (β = −0.037; p = 0.632; Adj R2 = −8.37%) were not the remarkable sources of heterogeneity for ALP.
[image: Figure 3]FIGURE 3 | Forest plot of XLGB combined with ALE vs. ALE alone with regard to ALP (A), BGP (B), S-Ca (C), and S-P (D).
[image: Figure 4]FIGURE 4 | Meta-regression analysis of ALP: (A) Age (B) Course of treatment (C) Publication year (D) Sample size.
BGP
Nine studies comparing XLGB plus ALE with ALE for BGP (Fang, 2014; Hou et al., 2016; Zhang, 2017; Liu, 2018; Yan, 2018; Ye et al., 2018; Wang Y. et al., 2020; Kang et al., 2020; Zhou, 2020). The available data illustrated that XLGB plus ALE remarkably increased the BGP in contrast with ALE alone (SMD = 1.136; 95% CI = 0.990 to 1.283; p < 0.001; heterogeneity χ2 = 9.67, df = 8, I2 = 17.3%, p = 0.289, Figure 3B).
S-Ca
Six studies reported XLGB plus ALE vs. ALE according to S-Ca (Bao and Li, 2015; Han, 2016; Hou et al., 2016; Zhang, 2017; Feng et al., 2018; Zhou, 2020). The pooled results illustrated that XLGB and ALE combination was remarkable for raising S-Ca in contrast with ALE alone (SMD = 0.247; 95% CI = 0.083 to 0.410; p = 0.003, heterogeneity χ2 = 8.00, df = 5, I2 = 37.5%, p = 0.156, Figure 3C).
S-P
There were six studies comparing XLGB plus ALE with ALE about the S-P (Bao and Li, 2015; Han, 2016; Hou et al., 2016; Zhang, 2017; Feng et al., 2018; Li et al., 2019). The pooled results exhibited that XLGB and ALE combination remarkably increased S-P in contrast with ALE alone (SMD = 0.797; 95% CI = 0.627 to 0.966; p < 0.001, heterogeneity χ2 = 6.70, df = 5, I2 = 25.3%, p = 0.244, Figure 3D).
VAS
Six studies compared XLGB plus ALE with ALE with regards to VAS(Liu and Bai, 2016; Xu et al., 2015; Xu, et al., 2009; Zhang et al., 2020; Zhou, 2020; Zhuang, 2013). As illustrated in Figure 5, the pooled results exhibited that XLGB plus ALE was remarkable for reducing VAS in contrast with ALE alone (SMD = −2.361; 95% CI = −3.490 to −1.232; p < 0.001; heterogeneity χ2 = 144.99, df = 5, I2 = 96.6%, p < 0.001).
[image: Figure 5]FIGURE 5 | Forest plot of XLGB combined with ALE vs. ALE alone with regard to VAS.
BMD
BMD at Lumbar Spine
18 compared XLGB plus ALE with ALE about the BMD at lumbar spine (Xu, et al., 2009; Zhuang, 2013; Fang, 2014; Bao and Lin, 2015; Bao and Li, 2015; Xu et al., 2015; Hou et al., 2016; Liu and Bai, 2016; Zhang, 2017; Feng et al., 2018; Liu, 2018; Yan, 2018; Ye et al., 2018; Li et al., 2019; Kang et al., 2020; Wang F. L. et al., 2020; Zhang et al., 2020; Zhou, 2020). As illustrated in Figure 6A, the pooled results depicted that XLGB plus ALE was remarkable for improving BMD at lumbar spine in contrast with ALE alone (SMD = 0.917; 95% CI = 0.817 to 1.016; p < 0.001; heterogeneity χ2 = 24.31, df = 17, I2 = 30.1%, p = 0.111).
[image: Figure 6]FIGURE 6 | Forest plot of XLGB combined with ALE vs. ALE alone with regard to BMD at lumbar spine (A) BMD at femoral neck (B) and BMD at Ward’s area (C).
BMD at Femoral Neck
10 studies reported XLGB plus ALE with ALE with regards to BMD at femoral neck (Zhuang, 2013; Liu, 2014; Hou et al., 2016; Feng, Huang and Qu, 2018; Yan, 2018; Ye et al., 2018; Wang F. L. et al., 2020; Kang et al., 2020; Zhang et al., 2020; Zhou, 2020). The pooled data illustrated that XLGB plus ALE was remarkable for lifting BMD at femoral neck in contrast with ALE alone (SMD = 0.610; 95% CI = 0.475 to 0.746; p < 0.001, heterogeneity χ2 = 10.58, df = 9, I2 = 15.0%, p = 0.305, Figure 6B).
BMD at Ward’s Area
Only two studies compared XLGB plus ALE with ALE as for BMD at Ward’s area (Xu, et al., 2009; Zhou, 2020). The available data demonstrated that XLGB plus ALE remarkably raised BMD at Ward’s area relative to ALE alone (SMD = 0.569; 95% CI = 0.304 to 0.833; p < 0.001; heterogeneity χ2 = 1.84, df = 1, I2 = 45.8%, p = 0.175, Figure 6C).
Effective Rate
There were 14 studies comparing XLGB plus ALE with ALE about the effective rate (Fang, 2014; Liu, 2014; Bao and Li, 2015; Bao and Lin, 2015; Xu et al., 2015; Han, 2016; Hou et al., 2016; Liu and Bai, 2016; Zhang, 2017; Ye et al., 2018; Li et al., 2019; Wang Y. et al., 2020; Kang et al., 2020; Zhang et al., 2020). The pooled data illustrated that the combination of XLGB with ALE remarkably improved effective rate in relative to ALE alone (RR = 1.230; 95% CI = 1.173 to 1.290; p < 0.001, heterogeneity χ2 = 4.55, df = 13, I2 = 0%, p = 0.984, Figure 7A).
[image: Figure 7]FIGURE 7 | Forest plot of XLGB combined with ALE vs. ALE alone with regard to effective rate (A) and ADR (B).
ADR
We identified ADR in seven studies (Kang et al., 2020; Liu, 2014; Liu and Bai, 2016; Liu, 2018; Xu, et al., 2009; Zhang, 2017; Zhuang, 2013). The frequency of adverse events was 18/297 in the trial group and 22/295 in the control group. In the pooled data, the rate of ADR was not remarkably different between the two groups (RR = 0.812; 95% CI = 0.444 to 1.485; p = 0.499, heterogeneity χ2 = 4.93, df = 6, I2 = 0%, p = 0.553, Figure 7B). Our results revealed that gastrointestinal discomfort, liver function damage and menstruation disorders or amenorrhea frequently constitute the most frequently occurring adverse events. Remarkable adverse impacts were mild, with no severe adverse impacts, including life threatening reported in the included RCTs.
Subgroup Analysis
As results of ALP and VAS showed high heterogeneity in our study, we performed subgroup analysis according to the type of OP and control medication in Table 3. However, the results of subgroup analysis revealed that the type of OP and control medication were not the remarkable sources of heterogeneity for ALP and VAS.
TABLE 3 | Subgroup analysis.
[image: Table 3]Publication Bias and Sensitivity Analysis
We used the funnel plots along with Egger’s test (Figure 8) to examine the possible publication bias of the BMD at lumbar spine in this meta-analysis. Consequently, the symmetrical shape of the funnel plots, as well as the p values from Egger’s tests, revealed that there was no remarkable publication bias for BMD at lumbar spine (p = 0.515).
[image: Figure 8]FIGURE 8 | Funnel plot and Egger’s test of BMD at lumbar spine.
To establish the impact of each included study on the pooled data of ALP, BGP, S-Ca, S-P, VAS, BMD at lumbar spine, BMD at femoral neck, effective rate and ADR to validate the robustness of our findings, we performed a sensitivity assessment by excluding one article at a time and computing the pooled data for the rest of the RCTs. The sensitivity investigation results revealed that there was no marked effect on pooled data after eliminating each study singly, implying that the findings of this meta-analysis are comparatively robust (Figure 9).
[image: Figure 9]FIGURE 9 | Sensitivity analysis for ALP (A), BGP (B), S-Ca (C), S-P (D), VAS (E), BMD at lumbar spine (F), BMD at femoral neck (G), effective rate (H), and ADR (I).
GRADE Assessment
The GRADE approach was employed to explore the quality of evidence of the outcomes, which exhibited very low quality, moderate, or low with heterogeneity problem and methodological problems. Table 4 illustrates the GRADE evidence profiles.
TABLE 4 | GRADE evidence profile.
[image: Table 4]DISCUSSION
OP is a chronic bone disease that manifests through low bone mass, as well as structural degeneration of bone tissue. Presently, the medications applied in the clinical treatment of OP, such as estrogen, calcitonin, selective estrogen modulator, and bisphosphonates are primarily conducive for mitigating bone absorption (Liu, et al., 2020). As clinical practice and research develop, accumulating evidence shows that Chinese herbal medicine have a remarkable effect on the prevention and treatment of OP (Chen, et al., 2017a; Lin, et al., 2017; Luo et al., 2017; Shi, et al., 2017). XLGB is a commonly used Chinese herbal formula, has been widely used in OP, osteoarthritis, aseptic necrosis of head of femur and osteoporotic fracture in China (Ni et al., 2011). Modern pharmacological studies have shown that XLGB can regulate body metabolism, inhibit osteoclast activity, reduce bone calcium loss, thereby increase bone density and effectively relieve pain (Qin et al., 2015). Besides, a previous study showed that XLGB also has the ability to anti-inflammatory, repair bone damage and restore bone structure (Ma, 2018). ALE, a second generation bisphosphonate, represses osteoclast activity, diminishes the resorption of bone tissue and maintains the balance of bone formation and resorption (Lin and Lane, 2003; Madore et al., 2004). Nonetheless, no systematic review and meta-analysis on the safety and efficacy of XLGB combined with ALE in the treatment of POP has been demonstrated. Therefore, herein, we performed this systematic review and meta-analysis to explore the safety and effect of XLGB combined ALE in individuals with POP to provide evidence for clinical practice, as well as scientific research.
Summary of Evidence
This study is the first systematic review and meta-analysis of the efficacy and safety of XLGB combined with ALE for POP. Twenty high-quality RCTs involving 1911 individuals with POP were enrolled in the analysis. The primary findings of present systematic review illustrated that XLGB combined with ALE could remarkably increase the BGP, S-Ca, S-P, BMD and highly improve the total effective rate in POP patients. Meanwhile, the ALP and VAS were obviously reduced, suggesting that XLGB can effectively relieve the pain which caused by OP. However, no remarkable difference was found in ADR between the two groups, which indicated that XLGB was relatively safe and well tolerated for individuals with POP. Therefore, we provide supporting evidence that, to a remarkable extent, XLGB can potentially be recommended for scheduled use for POP patients. However, ALP and VAS represented high heterogeneity in our meta-analysis, but we failed to find out the source of heterogeneity through subgroup analysis and meta-regression. The data of gender ratio was missing in most of our included studies, thus, we could not pool the data. Gender is an important factor in the incidence of OP. Therefore, we speculated that gender may contribute to the cause of unresolved heterogeneity. Besides, not all our included studies reported the generation of random allocation and the method randomization varied between the included studies. The blinding procedure was not reported or remained unclear in some studies and the method of blinding also varied. This also may be the source of unresolved heterogeneity, which would be figured out by more RCTs with high quality in the future.
Comparison With Previous Studies
Several systematic reviews and meta-analyses have demonstrated the efficacy and safety of Chinese herbal medicine (CHM) in treating OP. A meta-analysis constituting 19 RCTs involving 1831 patients revealed that Chinese herbal compound is safe and effective in increasing BMD, improving effective rate and relieving pain in the treatment of senile OP (Fu et al., 2020). However, the S-Ca, S-P, and ALP were not remarkably different after Chinese herbal compound treatment, which was inconsistent with our results. The contradictory conclusions originated from the differences of the search strategies, data abstraction along with analyses, and the selection criteria. Numerous varieties of Chinese herbal compound and control group lead to high heterogeneity, which may be the primary cause of contradiction. The findings of another systematic review and meta-analysis indicated that Liuwei Dihuang pill is effective in improving BMD of hip and lumbar spine and alleviating pain in patients with postmenopausal OP (Wang, et al., 2020a). Besides, the findings of a previous review showed that Zuogui pill combined with anti-OP drugs remarkably increased BMD at different sites and improved the bone metabolism markers for treating OP (Li, et al., 2020). Besides, most of our findings were congruent with the data of An et al. (An, et al., 2019). They performed a meta-analysis involving 16 trials that focused on 1,492 patients, and exhibited that XLGB combined with conventional treatment obviously increased BMD, BGP as well as effective rate, reduced ALP and VAS in postmenopausal OP. Whereas, the S-P and S-Ca was not increased in their study. Therefore, our data are inconsistent with the findings of previous researches in some aspects, which could be linked to: 1) The enrolled articles in the previous meta-analyses varied considerably in quality. Nonetheless, herein, RCTs having a risk of bias score ≥4 on the basis of the Cochrane RoB tool were enrolled, implying that only high-quality RCTs were enrolled in our study. 2) The diversity of CHM and conventional treatment in the previous researches is also a major cause of the difference. Nevertheless, herein, we focused particularly on the comparison of XLGB combined with ALE (single experimental group) and ALE alone (single control group) in the treatment of OP, which can reduce the risk of heterogeneity. 3) OP is a chronic condition with diverse kinds and stages. The OP distinct kinds and stages can affect the progress of the disease along with the treatment response. 4). OP prevalence is high in women, with 1.5-fold more likely to be affected relative to men. Hence, the difference of the gender ratio between the previous researches and our study also impacts the findings. 5) The course of treatment can either impact the results. The treatment course ranged between 1 and 12 months in the previous researches and this study. Short treatment course may result in inadequate efficacy while long treatment course can result in great adverse events, which is a contradiction in terms.
Strengths
The strengths of this meta-analysis study consisted of a clearly defined research question, which reduced the bias in the choice of the RCTs, fidelity, and consistency to a precise research approach that we designed before the meta-analysis, an in-depth search of the literature, the agreement between the two researchers regarding the entry data components, and the quality control appraisal of all the data. All of the studies included in herein constituted RCTs with a remarkable number being high quality. This helps to overcome the drawbacks of the recall or selection bias regarding non-randomized studies. Additionally, the number of trials and the overall sample size was comparatively large (20 trails with 1911 patients). We performed subgroup assessments and meta-regression evaluation to identify the origin of heterogeneity. Consequently, no publication bias was reported in this meta-analysis, and sensitivity estimation revealed that the findings of this meta-analysis are comparatively robust.
Limitations
This study has several limitations. Firstly, although RCTs were included, the included primary studies had some intrinsic and methodological shortcomings: 1) only 12 trials had sufficient information on the generation of random allocation. 2) The blinding procedure was not reported or remained unclear in some studies, making it a challenge to bias findings unintentionally or intentionally and to help allow the credibility of study conclusions. Triple blindness is required in further trials. Secondly, OP constitutes a chronic disease that requires life-long therapies. The long-term safety and efficacy are crucial investigations in establishing the clinical effectiveness of a drug in treatment.
Nonetheless, herein, the treatment period was between 1 and 12 months. We have not determine the long-term safety of XLGB for treating OP since the duration of treatment of the included studies was short, and no dropouts were revealed in a considerable number of the included studies. Thirdly, the formula composition, dosage, administration approaches, and period of XLGB treatments differed remarkably in the primary RCTs. This clinical heterogeneousness could compromise the viability of our findings. Fourthly, we only searched for studies published in English or Chinese repositories; therefore, the potentially relevant RCTs published in other languages could have been left out. Moreover, all RCTs included in the study were conducted in China, a potential limitation to the generalizability of our findings. Fifthly, the overall evidence quality herein was low given the high risk of bias, inconsistency, as well as potential reporting bias. Therefore, there is a need for further worldwide high quality multi-center RCTs of XLGB combined with ALE for treating OP to allow data generalization worldwide.
Implications for Research
We herein reveal important ideas that are likely to promote research in this field. Firstly, it is evident that strategies that improve the methodological quality of RCTs are urgently needed. Going forward, we recommend that guidelines, including the CONSORT 2010 statement (Cheng, et al., 2017) should be employed to establish and report RCTs for XLGB. Secondly, despite the revelation that XLGB therapy in the analyzed studies was somewhat safe for patients with OP, further investigations are needed to confirm the safety of XLGB for OP. A standard reporting format for ADR has been developed (Bian, et al., 2010), and we propose that close attention should be paid to improve the reporting of ADRs of XLGB. Thirdly, to conclusively understand the long-term safety profile of XLGB in patients with OP, clinical trials and studies incorporating a longer follow-up period are recommended. Our results suggest that XLGB combined with ALE can be alternative treatment for OP patients, nonetheless, further large clinical studies should be conducted to explore the long-term safety, efficacy, and optimized dosages of the combination use of XLGB and ALE for treating OP.
Our present study demonstrated XLGB exerted prominent anti-osteoporosis effect in POP. The potent anti-osteoporosis effect of XLGB was possibly attributed to its six bioactive compounds: Herba Epimedii, Radix Dipsaci, Fructus Psoraleae, Rhizoma Anemarrhenae, Radix et Rhizoma Salviae, and Radix Rehmanniae. Quercetin (derived from Herba Epimedii and Radix et Rhizoma Salviae) was reported to increase the bone mass and biomechanical properties of OVX rats, which is closely related to its protective effect against tumor necrosis factor-α (TNF-α)-induced impairments in bone marrow mesenchymal stem cells (Yuan, et al., 2018). Moreover, luteolin (derived from Herba Epimedii and Radix et Rhizoma Salviae) was proved to improve bone formation in glucocorticoid-induced OP by decreasing the excess production of reactive oxygen species and increasing the proliferation and differentiation of osteoblasts (Jing, et al., 2019). Kaempferol (derived from Herba Epimedii, Rhizoma Anemarrhenae and Radix et Rhizoma Salviae) has been shown to prevent osteoporosis-induced bone loss in vivo and in vitro, which results from its regulatory effect on the mammalian target of rapamycin (mTOR) pathway (Zhao, et al., 2019). Besides, anhydroicaritin (derived from Herba Epimedii) also exerts a suppressive effect on receptor activator for nuclear factor-κB ligand (RANKL)-induced osteoclast differentiation, which results in increased bone loss in diabetic OP (Zheng, et al., 2017). Similarly, diosgenin (derived from Rhizoma Anemarrhenae) was shown to enhance the BMD of OVX rats by inhibiting the expression of RANKL and promoting osteoprotegerin (Zhang, et al., 2014). These active compounds may contribute to the promising anti-osteoporosis effect of XLGB. However, the specific mechanism of XLGB and its active compounds still needs clarity.
In our study, S-Ca increased about 0.247 in XLGB combined ALE group. However, a previous study has shown that there was no significant relationship between S-Ca and BMD (Liu and He, 2011), which suggests that the increased S-Ca has no promoting effect on the treatment of OP. Another study demonstrated ALP is an important predictor of BMD reduction and its increase is related to the risk of OP. The detection of ALP is conducive to prevent OP in the early stage (Chen H. S. et al., 2017). ALP was decreased about 2.107 by XLGB in the present meta-analysis, indicating XLGB can highly enhance BMD and exert a potent anti-osteoporosis effect in clinical practice. BGP is a non-collagen protein produced and secreted by osteoblasts, which is often used as a specific marker of bone turnover and bone formation (Garnero, 2008). It can reflect the activity of osteoblasts and is of great significance for the diagnosis of OP. BGP increased about 1.136 after XLGB treatment, which further verifies the protective effect of XLGB on OP. Thus, taking together the changes of bone metabolic markers by XLGB, XLGB possesses a prominent therapeutic effect on OP and is worthy of clinical promotion.
CONCLUSION
In summary, the evidence available from the present study illustrated that XLGB combined with ALE have beneficial effects on patients with OP in terms of BMD, BGP, S-Ca, S-P, and effective rate than ALE alone. Moreover, ALP and VAS were remarkably decreased. In addition, XLGB combined with ALE would not increase the rate of ADR. Therefore, the results of our study demonstrated that XLGB is a potential candidate for OP treatment. However, taking the heterogeneity along with small sample size into account, larger multi-center and high quality RCTs are critical to go a step further in illustrating the benefits of XLGB in treatment of OP.
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