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Objective

The clinical efficacy of Xianling Gubao capsule (XLGB) and its combination therapy in the treatment of postmenopausal osteoporosis (PMOP) was systematically evaluated by frequency-based network meta-analysis.



Methods

We searched the China National Knowledge Infrastructure (CNKI), Wanfang, SinoMed, PubMed, Embase and Cochrane Library databases to identify clinical trials of XLGB for the treatment of PMOP from the establishment of each database to November 22, 2021. The quality of the included studies was evaluated by using the risk of bias assessment tool version 2.0 (Rob 2.0) recommended by Cochrane. Stata 14.0 was applied for statistical analysis of the data, and the surface under the cumulative ranking curve (SUCRA) was used to rank the intervention measures of each outcome index.



Results

This study included 22 clinical trials (including 19 RCTs and 3 non-RCTs) involving 12 drug therapies. According to the results of the network meta-analysis and SUCRA, the best three interventions for improving lumbar bone mineral density (BMD) are XLGB+BP+calcium (83.7%), XLGB+BP (68.5.7%) and XLGB+VD (67.1%). XLGB+calcium was the best combination regimen for improving femoral neck BMD and increasing bone Gla protein (BGP) and alkaline phosphatase (ALP) contents in serum. The SUCRA values of XLGB+calcium for improving the three outcome indicators were 68.0%, 59.5% and 82.1%, respectively.



Conclusions

The results of this network meta-analysis show that combined application of XLGB can effectively improve BMD and serum BGP and ALP compared to calcium alone, VD or BP. In the future, multicenter, large-sample and double-blind clinical RCTs should be carried out to supplement and verify the results of this study.
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Introduction

Postmenopausal osteoporosis (PMOP) is a systemic metabolic bone disease characterized by decreased bone mass, increased bone fragility and easy fracture (1). PMOP generally occurs within 5 to 10 years after menopause (2). Based on epidemiological statistics, there are approximately 27.6 million patients with osteoporosis over 50 years old in EU countries, including 22 million women, with a prevalence rate of 22.1% (3). The prevalence rate of osteoporosis in women is approximately three times that in men (3). The decline in ovarian function and the decrease in estrogen secretion in postmenopausal women can lead to an imbalance in bone turnover, a decrease in bone mass and an increase in bone fragility (4). A low BMI index, low milk intake, alcohol consumption, fracture history and smoking are risk factors for PMOP, and strengthening the management of the above controllable risk factors is beneficial to reduce PMOP complications (5). At present, the main drug used for the treatment of PMOP is a bone resorption inhibitor. Bisphosphonates, estrogens and other drugs recommended in clinical practice guidelines have good clinical efficacy, but their safety remains a concern (4, 6). Therefore, it is important to seek effective drugs while improving drug safety.

In traditional Chinese medicine, osteoporosis belongs to the category of “Guwei”, which is closely related to kidney deficiency: “The kidney stores essence and the main bone generates marrow” (7). Therefore, kidney nourishing is closely related to bone marrow regeneration. Xianling Gubao capsule (XLGB) is mainly used to clinically treat osteoporosis and osteoarthritis. XLGB includes Epimedium, Dipsacus, Psoralea, Rehmannia glutinosa, Salvia miltiorrhiza and Anemarrhena asphodeloides, which have the functions of nourishing the liver and kidney, activating blood circulation and dredging collaterals, and strengthening tendons and bones (7, 8). Kidney-tonifying herbs or compounds, such as XLGB, can regulate the proliferation and differentiation of osteoblasts and osteoclasts through a variety of signaling pathways to achieve a dynamic balance (8). XLGB is widely used in the treatment of PMOP in China, but compared with other types of drug regimens or combination therapy, an evidence-based foundation is lacking. Although XLGB is widely used in China, the comparison of efficacy and safety between XLGB and other drugs or combination therapies remains controversial (7, 8), and it is necessary to further evaluate efficacy between XLGB and other therapies. Therefore, this study used the frequency network meta-analysis method to compare the clinical efficacy of XLGB and other drug regimens for the treatment of PMOP to provide an evidence-based foundation for the rational clinical application of XLGB.



Materials and Methods


Inclusion Criteria

The inclusion criteria were as follows. 1) Participants: female postmenopausal patients with a clear diagnosis of primary osteoporosis and clear diagnostic criteria for osteoporosis in the study. 2) Interventions and comparisons: the experimental group was treated with XLGB alone or combined with XLGB on the basis of routine intervention measures in the control group; the control group was treated with no intervention, placebo or conventional Western medicine. 3) Outcome measure: the main outcome indicators were lumbar bone mineral density (BMD) and femoral neck BMD, and secondary outcome indicators were bone Gla protein (BGP) and alkaline phosphatase (ALP); all included studies involved at least one of the above evaluation indicators. 4) Study design: randomized controlled trials (RCTs) and nonrandomized controlled trials (non-RCTs). 5) To ensure the test efficiency of this study, the number of studies included in the intervention measures was ≥ 2.



Exclusion Criteria

The exclusion criteria were as follows: 1) animal experiments and case reports; 2) studies with incorrect or incomplete data; 3) studies with unobtainable full texts; and 4) repeated published literature.



Literature Search

We searched the China National Knowledge Infrastructure (CNKI), Wanfang, SinoMed, PubMed, Embase and Cochrane Library databases to identify clinical trials of XLGB for the treatment of PMOP. The retrieval time limit was from the establishment of each database to November 22, 2021. Each database was searched using subject words combined with free words. English search terms included “Xianlingguao”, “Xianling Gubao”, “XLGB”, “osteoporosis”, “postmenopausal osteoporosis”, “postmenopausal osteoporosis”, “primary osteoporosis”, and “PMOP”. The retrieval strategy for each database is shown in Supplementary Material 1.



Literature Screening and Data Extraction

Two researchers followed the inclusion and exclusion criteria to independently screen the literature and extract data; any disagreements were resolved by the corresponding author. The extracted contents included basic information, bias risk factors, and outcome index data.



Bias Risk Assessment

Literature quality was evaluated using Cochrane’s recommended risk of bias assessment tool version 2.0 (Rob 2.0) (9). The evaluation tool assesses the risk of bias in five areas, including bias generated in the random process, bias deviating from the established intervention, bias of missing outcome data, bias of outcome measurement and bias of selective reporting of results.



Statistical Analysis

The relative advantages and disadvantages of network meta-analysis can be evaluated by direct or indirect comparisons and the cumulative ranking probability. This study was based on the frequency framework and used Stata/MP 14.0 with the mvmeta and network packages (10–12). All indexes were analyzed using a random effect model. As the outcome indicators considered in this study were continuous variables, the mean difference (MD) was used as the effect value; the result is expressed with a 95% confidence interval (CI).

The size of the dot in the network diagram represents the sample size of the intervention, and the thickness of the line represents the amount of direct evidence between the two interventions. If there was a closed loop in the diagram, the inconsistency test was employed to evaluate consistency between the results of direct comparison and indirect comparison. If no closed loop formed, the consistency model was directly used for analysis. The surface under the cumulative ranking curve (SUCRA) was applied to rank the interventions of each outcome index, with a greater SUCRA value indicating a better the effect of the intervention. A “comparison correction” funnel plot was used to identify a small-sample effect between studies and publication bias in the studies included.




Results


Literature Search Results

We preliminarily searched 1709 relevant studies, and 784 remained after deleting duplicate studies. After reading the titles and abstracts, we screened a total of 92 articles for full-text evaluation. A total of 22 clinical studies (13–34) were included after reading the full texts with reference to our inclusion and exclusion criteria. The process and results of the literature screening are shown in Figure 1.




Figure 1 | Flow diagram of the study selection process.





Basic Characteristics of the Included Studies

A total of 22 studies (13–34) (including 19 RCTs and 3 non-RCTs) were included: 4 three-arm (21, 23, 26, 30) tests and 18 two-arm tests (13–20, 22, 24, 25, 27–29, 31–34). The total sample size was 2016 cases, including 924 cases in the treatment group and 1092 cases in the control group. The treatment course and follow-up time included in the study ranged from 1 to 12 months. Twelve medication measures were involved: calcium, XLGB, bisphosphonate (BP), XLGB+calcium, XLGB+BP, XLGB +BP+calcium, XLGB+vitamin D (VD), VD, BP+calcium, calcium+VD, estrogen+calcium, and XLGB+calcium+VD. The basic information of the included studies is shown in Table 1.


Table 1 | The characteristics of the included studies.





Quality Evaluation of the Included Studies

Nineteen studies (13, 15–18, 20–32, 34) reported specific methods of random assignment or a description of “random” assignment. In 18 studies (13, 15–17, 20–32, 34), intervention was according to the research protocol, whereas the specific basic treatment was not specified in the other 4 studies (14, 17, 19, 33). The outcome index data of all studies were complete and extractable. Because 3 studies (14, 15, 33) did not implement strict blinding methods, measurement bias may have been present. No selective reports were found. Overall, the quality of the literature included was general, and a more rigorous double-blind trial design is needed. The risk assessment of the included studies is shown in Figure 2.




Figure 2 | Risk of bias.





Traditional Meta-analysis

1) Lumbar BMD (Table 2). Compared with calcium alone, XLGB+calcium significantly improved lumbar BMD (MD = 0.13, 95% CI [0.03, 0.22]). In addition, XLGB+VD showed more advantages in improving lumbar BMD compared with VD (MD = 0.09, 95% CI [0.04, 0.14]) or XLGB (MD = -0.09, 95% CI [-0.12, -0.06]) alone. Overall, the combined application of XLGB can improve the BMD of the lumbar spine compared with BP (MD = 0.10, 95% CI [0.07, 0.13]) or BP+calcium (MD = 0.13, 95% CI [0.08, 0.18]).


Table 2 | Traditional Meta-analysis of Lumbar BMD.



2) Femoral neck BMD (Table 3). Compared with VD (MD = 0.03, 95% CI [0.01, 0.06]) or XLGB (MD = -0.09, 95% CI [-0.11, -0.07]) alone, XLGB+VD significantly improved femoral neck the BMD. Compared with calcium alone (MD = 0.17, 95% CI [0.06, 0.29]) or BP+calcium (MD = 0.09, 95% CI [0.03, 0.15]), combined application of XLGB displayed a synergistic role in improving the BMD of the femoral neck.


Table 3 | Traditional Meta-analysis of femoral neck BMD.



3) ALP (Table 4). Compared with calcium alone (MD = 4.26, 95% CI [0.53, 7.98]), XLGB+calcium significantly increased the content of ALP in serum. XLGB+BP+calcium also increased serum ALP compared with BP alone (MD = 2.82, 95% CI [0.89, 4.75]). Nevertheless, XLGB+BP (MD = -2.55, 95% CI [-4.06, -1.04]) or XLGB+BP+calcium (MD = -15.70, 95% CI [-21.51, -9.89]) combination therapy did not necessarily increase the ALP content in serum compared with BP or calcium alone.


Table 4 | Traditional Meta-analysis of BGP.



4) BGP (Table 5). Compared with calcium alone, XLGB+calcium increased the content of BGP in serum (MD = 3.75, 95% CI [0.59, 6.91]), and XLGB+BP+calcium reduced serum BGP compared with BP+calcium (MD = -24.97, 95% CI [-31.66, -18.28]).


Table 5 | Traditional Meta-analysis of ALP.





Network Meta-analysis


Network Diagram

This study included 12 interventions, 5 of which involved XLGB. The evidence network of the four outcome indicators is shown in Figure 3. The lines in the figure represent interventions with a direct comparison, the line thickness represents the number of studies, and the dot size represents the sample size of the intervention.




Figure 3 | Network diagrams depicting direct evidence used in network meta-analysis. (A) Network diagram of lumbar BMD. (B) Network diagram of BMD of femoral neck. (C) Network diagram of BGP. (D) Network diagram of ALP.





Inconsistency Test of Closed Loops

The 12 interventions of lumbar BMD formed three closed loops. See Table 6 for the detection results of the characteristic intercirculation inconsistency factor (IF), 95% CI and intercirculation heterogeneity parameter t2 of lumbar BMD. The IF values of the three closed loops were 0.040, 0.085, and 0.127, and the lower limit of the 95% CIs was 0, which indicates that the consistency of each closed loop was good; that is, direct comparison and indirect comparison had little impact on the results of the whole network meta-analysis. The statistical results of the reticular meta-analysis of lumbar BMD were highly reliable. The eight interventions of ALP formed two closed loops. As shown in Table 6, the consistency of the two closed loops of ALP was good. The seven interventions of BGP formed a closed loop, with a large lower 95% CI limit (3.40), suggesting inconsistency. Therefore, the results of the network meta-analysis of BGP need to be interpreted carefully.


Table 6 | Results of the closed-loop inconsistency test.





Results of the Network Meta-analysis

In the comparison of lumbar BMD, 45 pairwise comparisons were formed. The results of the network meta-analysis showed obvious advantages for XLGB+calcium in improving lumbar BMD compared with calcium alone (MD = 0.13, 95% CI [0.05, 0.20]), and the difference was statistically significant. In improving femoral neck BMD, 21 pairwise comparisons were formed. The results of the network meta-analysis showed that XLGB+calcium had more advantages than calcium alone (MD = 0.17, 95% CI [0.07, 0.27]). In terms of improving the contents of serum ALP and BGP, the results of the network meta-analysis did not suggest a pairwise comparison with a significant difference. The results of the network meta-analysis of the four outcome indicators concerned in this study are shown in Tables 7–10.


Table 7 | Network meta-analysis of lumbar BMD.




Table 8 | Network meta-analysis of femoral neck BMD.




Table 9 | Network meta-analysis of ALP.




Table 10 | Network meta-analysis of BGP.





SUCRA Probability Ranking

The best SUCRA probability rankings of the improvement effects of different interventions on the four outcome indicators are provided in Table 11. In terms of improving lumbar BMD, the best three interventions were XLGB+ BP+calcium (83.7%), XLGB+BP (68.5.7%) and XLGB+VD (67.1%). The three best interventions to improve femoral neck BMD were XLGB+calcium (68.0%), XLGB+BP (67.8%) and XLGB+VD (63.0%). The best interventions to increase the serum ALP content in were XLGB+calcium (59.5%), XLGB (52.6%) and calcium (47.8%). The best measures to improve the serum BGP content were XLGB+calcium (82.1%), estrogen+calcium (73.5%) and calcium (67.7%).


Table 11 | Rank of efficacy of included treatments.





Small-Sample Effect Evaluation

A funnel plot was drawn to evaluate a small-sample effect for the four outcome indicators in this study (Figure 4). Different colors in the funnel chart indicate different intervention measures. We found that most dots in the funnel chart of BMD of the lumbar spine and femoral neck were roughly symmetrically distributed on both sides of the vertical line with X = 0, which suggests no publication bias for these two outcome indicators. For ALP and BGP, a high degree of publication bias and a small sample effect were suggested.




Figure 4 | Comparison-adjusted funnel plot of lumbar BMD (A), BMD of the femoral neck (B), BGP (C) and ALP (D).







Discussion

This study evaluated the efficacy of XLGB and other combined therapies for the treatment of PMOP by network meta-analysis. The results show that the combined application of XLGB can well treat PMOP. Osteoporosis is a systemic bone disease characterized by reduced bone mass and degeneration of bone microstructure, which leads to increased bone fragility and easy fracture (1). Among the types of osteoporosis, PMOP has a high incidence rate (3). XLGB is a Chinese patent medicine widely used for the treatment of osteoporosis (35–37). Due to the lack of comparisons between XLGB and other drug regimens in the treatment of PMOP, this study ranked the clinical efficacy of XLGB-related drug regimens in PMOP treatment with the help of network meta-analysis to provide an evidence-based foundation for its clinical use.

Traditional meta-analysis is a direct comparison between intervention measures, which can most intuitively compare differences in efficacy among drug regimens. In terms of improving lumbar BMD and femoral neck BMD (13, 14, 17, 18, 20–25, 27–34), combined application of XLGB can improve lumbar BMD and femoral neck BMD compared with calcium and VD alone, and XLGB+BP+calcium showed more advantages than BP alone. Furthermore, combined application of XLGB on the basis of BP+calcium had a good clinical effect on improving lumbar BMD. XLGB+calcium exhibited more advantages than calcium alone in increasing the content of serum BGP, and XLGB+BP+calcium had better clinical efficacy than BP alone (13–16, 20–22, 24, 28, 33). Moreover, XLGB showed better clinical efficacy than calcium in improving serum ALP content.

Network meta-analysis was used to examine differences among interventions through indirect comparisons. The results of this study show that XLGB+BP+calcium is most likely the optimal treatment for improving lumbar BMD but that XLGB+calcium is the best combination regimen for improving femoral neck BMD and increasing contents of serum BGP and ALP. Combining the results of this traditional meta-analysis and network meta-analysis, compared with the schemes of VD, BP or calcium alone, combined application of XLGB showed better clinical efficacy in improving BMD and serum BGP and ALP. In traditional Chinese medicine, orthopedic diseases such as osteoporosis are believed to be the manifestation of kidney deficiency. The kidney governs bone and generates marrow, which should be used to tonify the kidney and strengthen Yang (38, 39). Deficiency of the kidney and spleen is the root cause of the disease, and blood stasis is the promoting factor. Blood stasis further aggravates injury to the spleen and kidney and then accelerates the occurrence of osteoporosis (39). XLGB, which is mainly composed of Epimedium supplemented with Dipsacus, Salvia miltiorrhiza, Rehmannia glutinosa and Anemarrhena asphodeloides, has the effects of nourishing the liver and kidney, activating blood circulation and dredging collaterals, and strengthening tendons and bones (40). Previous studies have shown that XLGB combined with calcium or BP has a better clinical effect in the treatment of osteoporosis (7, 41), which is consistent with our conclusions. In addition, theoretical studies have shown that XLGB inhibits osteoclast activity and promotes osteoblast differentiation by regulating OPG/RANK/RANKL (42). Animal experiments have shown that XLGB increases the contents of Ca and P in rat serum, reduces the contents of ALP, OCN and DPD in serum, and increases the BMD of vertebrae as well as the femur and tibia (43). The above results provide a theoretical basis for using XLGB to treat PMOP.

This study has the following limitations. 1) Due to the lack of direct comparison evidence for each outcome index, it was not possible to rank the probability of individual interventions. 2) Most of the included studies were small-sample studies, reducing the statistical efficiency of tour analysis. None of the studies provided strict sample-size estimation standards, which may affect authenticity. 3) We also detected statistical heterogeneity and publication bias, and a pharmacoeconomic evaluation was not included. Furthermore, the great differences in the course of treatment and follow-up time included in the literature may also affect the credibility of the results. Therefore, the conclusions of this study need to be applied in combination with clinical practice. 4) Due to the limitations of this study, further animal or cell experiments are needed to verify the results to provide a more experimental or clinical basis.



Conclusion

The results of this network meta-analysis show that combined application of XLGB can effectively improve BMD and serum BGP and ALP compared to calcium, VD or BP alone. In the future, multicenter, large-sample and double-blind clinical RCTs need to be carried out to supplement and validate the results of this study.
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