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Background

Elderly people are at high risk of falls due to decreased muscle strength. So far, there is currently no officially approved medication for treating muscle strength loss. The active vitamin D analogues are promising but inconsistent results have been reported in previous studies. The present study was to meta-analyze the effect of active vitamin D analogues on muscle strength and falls in elderly people.





Methods

The protocol was registered with PROSPERO (record number: CRD42021266978). We searched two databases including PubMed and Cochrane Library up until August 2023. Risk ratio (RR) and standardized mean difference (SMD) with 95% confidence intervals (95% CI) were used to assess the effects of active vitamin D analogues on muscle strength or falls.





Results

Regarding the effects of calcitriol (n= 1), alfacalcidol (n= 1) and eldecalcitol (n= 1) on falls, all included randomized controlled trials (RCT) recruited 771 participants. Regarding the effects of the effects of calcitriol (n= 4), alfacalcidol (n= 3) and eldecalcitol (n= 3) on muscle strength, all included RCTs recruited 2431 participants. The results showed that in the pooled analysis of three active vitamin D analogues, active vitamin D analogues reduced the risk of fall by 19%. Due to a lack of sufficient data, no separate subgroup analysis was conducted on the effect of each active vitamin D analogue on falls. In the pooled and separate analysis of active vitamin D analogues, no significant effects were found on global muscle, hand grip, and back extensor strength. However, a significant enhancement of quadriceps strength was observed in the pooled analysis and separate analysis of alfacalcidol and eldecalcitol. The separate subgroup analysis on the impact of calcitriol on the quadriceps strength was not performed due to the lack to sufficient data. The results of pooled and separate subgroup analysis of active vitamin D analogues with or without calcium supplementation showed that calcium supplementation did not affect the effect of vitamin D on muscle strength.





Conclusions

The use of active vitamin D analogues does not improve global muscle, hand grip, and back extensor strength but improves quadriceps strength and reduces risk of falls in elderly population.
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1 Introduction

An increased risk of falls associated with decreased muscle strength and increased bone fragility is a major concern for older adults due to high disability and mortality rates, as well as decreased quality of life. Observational studies have shown a positive correlation between decreased muscle strength and vitamin D deficiency (1–3). Vitamin D deficiency is also associated with increased risk of sarcopenia (4). Vitamin D supplementation has been recommended for maintaining and improving musculoskeletal health (5). Numerous randomized clinical controlled trials (RCTs), systematic reviews and meta-analyses have focused on native vitamin D including vitamin D2 (also known as ergocalciferol) and vitamin D3 (also known as cholecalciferol) and demonstrated the effects of vitamin D supplementation on improving muscle strength (6, 7) and reducing the risk of falls (6, 8, 9). However, other meta-analyses showed inconsistent results (10, 11), which may be due to differences in experimental design and treatment doses of included studies.

In recent clinical trials, 1α,25-dihydroxyvitamin D3 (also known as calcitriol) (12, 13), the physiologically active form of vitamin D, and its prodrug, 1α-hydroxyvitamin D3 (also known as alfacalcidol) (14), have been shown to improve hand grip strength, while some RCTs showed conflicting results (15, 16). Supplementations of alfacalcidol have been shown to enhance quadriceps muscle strength (17). However, alfacalcidol does not seem to improve back extensor strength in the older subgroup (18). As for the new vitamin D analogue, eldecalcitol, Saito, et al. (19) reported its positive effects on improving quadriceps muscle strength and back extensor strength, but not on hand grip strength. Another clinical trial showed that eldecalcitol does not increase the strength of back extensor and knee extensor after 6 months of treatment (20). Regarding the effect of active vitamin analogues on falls, it has been shown that supplementation with calcitriol (21) or alfacalcidol (22) reduces the incidence rate and cumulative number of falls in older adults. However, another study (19) has shown that eldecalcitol has no effect on reducing the number of falls.

Alfacalcidol is converted to calcitriol through hydroxylation in the liver (23). Since eldecalcitol is not a prodrug of calcitriol, it does not directly increase levels of the natural ligand (24). Compared with calcitriol, eldecalcitol has a stronger affinity for the vitamin D binding protein (DBP) and a weaker affinity for the vitamin D receptor (VDR) (25). The effects of eldecalcitol on inducing cell differentiation (26) and reducing serum parathyroid hormone (PTH) levels (27) seems to be weaker than calcitriol and alfacalcidol. RCTs have shown that eldecalcitol increases bone mineral density and reduces the incidence of vertebral fractures better than calcitriol (25) and alfacalcidol (28). Although the three types of active vitamin D analogues exhibit differences in receptor affinity, DBP binding ability, and metabolism, which may have different effects on enhancing muscle strength and preventing falls, no comparative RCTs have been conducted to evaluate the effects of calcitriol, alfacalcidol, and eldecalcitol on muscle strength and preventing falls. Although several meta-analyses (29–31) have been conducted to investigate the effects of calcitriol and alfacalcidol on falls, and the results have shown a protective effect on fall prevention, there is still no updated and more comprehensive meta-analyses to address effects of vitamin D analogues including calcitriol, alfacalcidol and eldecalcitol on falls. In addition, published meta-analyses (32, 33) on muscle strength conduced a mixed analysis of cholecalciferol, ergocalciferol, calcitriol and alfacalcidol, but did not distinguish them. The aim of the present meta-analysis was to analyze effects of active vitamin D analogues, including calcitriol, alfacalcidol and eldecalcitol, on muscle strength and falls in elderly individuals based on the data from RCTs.




2 Materials and methods



2.1 Protocol and registration

The meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline (34). We prespecified the methods in a protocol that was registered with the PROSPERO database (record number: CRD42021266978).




2.2 Search strategy

We systematically searched two databases including Pubmed and Cochrane Library up until August 2023. Two independent investigators (A. X. and H. L.) performed the search. Each title and abstract were reviewed for final inclusion into the study. The other two investigators further discussed discrepancies in study inclusion and the fifth investigator (M. L.) performed the search to reach consensus if necessary. The full search strategy and the search terms used in the analysis are presented in Supplementary Table 1.




2.3 Inclusion criteria

RCTs were included in this meta-analysis met the following criteria: (1) RCTs with any of active vitamin D analogues including calcitriol, alfacalcidol and eldecalcitol, with or without calcium over a three month follow-up period; (2) studies using falls or muscle strength as one of the primary outcome measures; (3) studies enrolling adults (ages ≥18).




2.4 Exclusion criteria

Exclusion criteria were as follows: (1) RCTs with cholecalciferol or ergocalciferol as a main intervention; (2) trials without a no-treatment or placebo group; (3) duration of treatment less than 3 months; (4) trials using muscle mass, muscle power, body balance or other potential end points of muscle function as outcomes; (5) trials without doses of active vitamin D analogues; and (6) conference abstracts, comments, letters, observational studies, cell or animal studies, reviews of the literature, and those without full-texts or retracted by journals.




2.5 Review process

Two investigators (D.D. and F.X.) conducted data extraction independently. All records were identified in the initial search and imported into EndNote X9 and duplicates were removed. The remaining records were screened for abstracts or full texts further following the inclusion and exclusion criteria. For final meta-analysis, the following information was extracted: author, year of publication, study design, sample size, characteristics of the subjects, intervention drugs (name and doses), duration of intervention, calcium doses, baseline serum 25(OH)D levels, outcome measures. Sub-group analysis was performed based on those data. For studies using falls and various types of muscle strength as outcomes or measuring the strength of the same muscle twice, for example, measuring left and right muscle strength, we extracted each outcome variable and corresponding details of each measurement based on the type of outcome variables and measurement time, as a separate entry. The extracted information was used for subsequent meta-analysis and subgroup analysis. Discrepancies in the review process were resolved by a third investigator (X.X.).

In order to include a maximum of studies in our meta-analysis, we paid particular attention to missing data. We contacted authors or coauthors when information was missing in the full-text paper. For the studies that show only medium range or mid-quartile range and the sample size, we estimated the mean and variance based on those values using the method as previously described (35, 36).




2.6 Quality assessment

The study quality was independently assessed by two investigators (L.L. and L.Q.). The Cochrane Collaboration risk of bias tool (37) was used to assess the quality of the followings in the selected studies: sequence generation, allocation concealment, blinding of participants, staff, and outcome assessors, completeness of outcome data, and evidence of selective outcome reporting and other potential threats to validity. According to the scoring system, study bias was defined as ‘high’, ‘some concerns’, or ‘low’. Disagreements between authors were resolved by consensus between two independent reviewers (Y.D. and R.W.).




2.7 Meta-analysis

Meta-analysis was performed using the Stata SE version 15.1 (STATA Corp, College Station, Tex). A random effects model was used and risk ratio (RR) and standardized mean difference (SMD) with 95% confidence intervals (95% CI) were calculated to compare falls and muscle strength outcome measures respectively. Data was divided into calcitriol, alfacalcidol and eldecalcitol groups. The variability between the studies identified determine the heterogeneity. I2 statistic was employed to calculate the heterogeneity of this study. I2 values of 25 or less, 50, and at least 75% represent low, moderate, and high inconsistency, respectively. Publication bias was assessed by using Begg’s funnel plot and Egger’s statistical tests (38).




2.8 Subgroup and sensitivity analyses

In order to clarify the role of whether calcium supplementation enhances the effect of active vitamin D analogues on muscle strength, we conducted subgroup analysis for vitamin D alone or in combination with calcium in pooled analysis of the three active vitamin D analogues and separate analysis of each active vitamin D. We classified some studies that did not provide information on calcium supplementation as studies without calcium supplementation. Sensitivity analyses were performed using one-study-removed analysis to determine the relative impact of each trial on the overall risk estimate.





3 Results



3.1 Study characteristics

A total of 7786 records were obtained through initial searching. There were 1207 articles screened for abstracts for further selection after removing duplicates, reviews and irrelevant contents. During the full-text review, 6 studies were identified as presenting incomplete or missing data. We contacted the authors of those studies and obtained the required data for one of the studies (13). Five of them were changed to mean and variance for further analysis according to medium, range, or mid-quartile range and the sample size (14, 15, 17, 19, 20). Finally, we identified 12 RCTs in which active vitamin D analogues (calcitriol (12, 13, 15, 16, 21): n=5, alfacalcidol (14, 17, 18, 22): n=4, eldecalcitol (19, 20, 39): n=3) were used (Figure 1).




Figure 1 | Study selection flow diagram. RCTs, randomized controlled trials.



The basic characteristics of the included trials were shown in Table 1. About 90% of the participants were females with mean age 70.4 years old. Three of the included trials reported results of falls (19, 21, 22). Ten of the included trials reported results of muscle strength (12–20, 39). One of the included trials reported results of both of falls and muscle strength (19). In the majority of the selected trials (12–17, 21, 22), participants received treatment with active vitamin D analogues alone. In four of 12 included trials, participants received treatment of vitamin D analogues combined with bisphosphonates or denosumab (18–20, 39). In 8 trials (12, 14, 16–18, 20–22), participants received treatment with calcitriol or eldecalcitol combined with calcium supplement. In 1 trial (13), participants received alfacalcidol alone. In 3 trials (15, 19, 39), it is unknown whether calcium supplementation was given or not. The daily doses for active vitamin D analogues were 0.25 or 0.5 μg/day for calcitriol, 0.5 or 1 μg/day for alfacalcidol, and 0.75 μg/day for eldecalcitol. The treatment period was 3 to 36 months.


Table 1 | Characteristics of the included trials.






3.2 Risk of bias of included studies

The overall quality of the included studies was good, as shown in Supplementary Figure 1. One trial (20) in which the strength of four types of muscle was measured as outcomes had high risk of bias due to missing outcome data. The risk of bias in deviating from scheduled interventions in two studies (12, 13) was considered “some concerns” because they may not have evaluated the effectiveness of the interventions assigned. One study (12) showed a high risk of bias arising from the randomization process due to the lack of information about concealment of treatment allocation. There were some issues of bias in reported results of three studies (16, 17, 39) as these results are likely to be selected from multiple eligible data analyses.




3.3 Meta-analysis of RCTs of vitamin D analogues for the prevention of falls

There were 3 trials in which the number of fallers were measured as outcome variables [calcitriol (21): n= 1; alfacalcidol (22): n= 1; eldecalcitol (19): n= 1]. These studies enrolled 771 participants in total. The average age varied from 55-75 years old. As shown in Figure 2, the meta-analysis showed that treatment with active vitamin D analogues significantly reduced the risk of falls with a RR of 0.81 (95% CI= 0.67 to 0.98) in pooled analysis of three active vitamin D analogues. No heterogeneity was found in this meta-analysis (I2 = 0.00%; p= 0.677). In one-study-removed sensitivity analyses, we found that the results of the meta-analysis had no change when each trial was excluded (Supplementary Figure 4). Due to limited number of the studies included, we were unable to conduct separate analysis or sub-group analysis to determine whether each active vitamin D analogue had an impact on falls and whether calcium affects the action of active vitamin D analogues.




Figure 2 | Effects of vitamin D analogue supplementation on falls.






3.4 Meta-analysis of RCTs of vitamin D analogues and muscle strength

Ten trials were included in the meta-analysis of vitamin D analogues and muscle strength (calcitriol (12, 13, 15, 16): n= 4; alfacalcidol (14, 17, 18): n= 3; eldecalcitol (19, 20, 39): n= 3). In 3 of the studies (19, 20, 39) muscle strength at more than two sites was measured. In 5 of the studies (12, 13, 16, 17, 19), the muscle strength of the same site was measured once on the left and right sides, or twice on the same side. In three of the studies (14, 15, 18) muscle strength was measured at a single site. Totally, 23 items containing 2431 participants was included in the final meta-analysis. The mean age of participants in each trial varied from 57.7 to 79.1 years old. The results of the meta-analysis showed that none of the active vitamin D analogues including calcitriol (SMD= 0.30; 95% CI= -0.10 to 0.70), alfacalcidol (SMD= 0.27; 95% CI= -0.13 to 0.67), and eldecalcitol (SMD= 0.04; 95% CI= -0.13 to 0.20) had an effect on global muscle strength separately (Figure 3). Moreover, pooled analysis of all active vitamin D analogues also showed no effect on improving global muscle strength (SMD= 0.15; 95% CI= -0.03 to 0.33) (Figure 3).




Figure 3 | Effects of vitamin D analogue supplementation on global muscle strength. Grip strength represents hand grip strength; (L) represents left; (R) represents right; (1) represents quadriceps strength 30°/sec; (2) represents quadriceps strength 60°/sec.



The heterogeneity of this pooled meta-analysis was high (I2 = 76.9%; p< 0.001), which may be due to the fact that multiple muscle types were tested and different types of active vitamin D analogues were used. Funnel plot analysis showed no obvious publication bias (Supplementary Figure 2). In addition, similar inference was noted here according to the Egger’s test (p= 0.465). The results of meta-analysis remained statistically significant when any of the individual trials was removed (Supplementary Figure 5).

Eight trials (12–14, 16, 18–20, 39) reported results of hand grip strength. Four trials (18–20, 39) reported results of back extensor strength and two trials (17, 19) reported results of quadriceps strength. Iliopsoas muscle strength (39), hip flexor strength (20) and knee extensor strength (20) were reported once in each of three trials (Figure 3). We conducted a meta-analysis for the effect of the active vitamin D analogues on hand grip strength, quadriceps strength and back extensor strength (Figure 4). The results showed that active vitamin D analogues did not increase the hand grip strength (SMD= 0.22; 95% CI= -0.05 to 0.49) (Figure 4A). Separate subgroup analysis of calcitriol or eldecalcitol also did not affect the hand grip strength enhancement (SMD= -0.30; 95% CI= -0.10 to 0.70 and SMD= -0.03; 95% CI= -0.22 to 0.16). However, only a small improvement was observed in a small sample size study of alfacalcidol (SMD= 0.44; 95% CI= 0.02 to 0.87), and it is difficult to conclude alfacalcidol treatment increases hand grip strength. Interestingly, we found that treatment with active vitamin D analogues (alfacalcidol or eldecalcitol) resulted in significant improvements of quadriceps strength with a total SMD of 0.32 (95% CI= 0.13 to 0.50), a SMD of 0.50 (95% CI=0.05 to 0.94) for alfacalcidol and a SMD of 0.28 (95% CI= 0.01 to 0.54) for eldecalcitol, respectively (Figure 4B). Figure 4C shows that alfacalcidol or eldecalcitol had no effects on improving back extensor strength (SMD= -0.22; 95% CI= -0.62 to 0.19 and SMD= -0.05; 95% CI= -0.52 to 0.43). Nevertheless, there is currently a lack of study on the effects of calcitriol on quadriceps and back extensor strength.




Figure 4 | Effects of vitamin D analogue supplementation on hand grip strength (A), quadriceps strength (B), and back extensor strength (C). (L) represents left; (R) represents right; (1) represents quadriceps strength 30°/sec; (2) represents quadriceps strength 60°/sec.



We found high heterogeneity in the meta-analysis of hand grip strength (I2 = 85.0%; p< 0.001) and modest heterogeneity in the meta-analysis of back extensor strength (I2 = 38.8%; p= 0.179), but no heterogeneity in the meta-analysis of quadriceps strength (I2 = 0.0%; p= 0.440). The high heterogeneity may be caused by differences in study designs or protocols, subject populations, drug types and intervention lengths. Funnel plot analysis showed no obvious publication bias in the test of hand grip strength (Supplementary Figure 3). This result was in line with the results obtained with Egger’s test (hand grip strength: p= 0.846). Publication bias could not be assessed in the tests of quadriceps strength and back extensor strength because of the included the number of trials was smaller than 10. In one-study-removed sensitivity analyses, we also found no change in the meta-analysis when a trial was removed (Supplementary Figures 6–8).

In subgroup analyses (Table 2), the results showed that in all included studies, calcium supplementation did not enhance the effect of active vitamin D on improving muscle strength, with a SMD of 0.054 (95% CI = -0.14 to 0.25) for calcium supplementation and a SMD of 0.25 (95% CI = -0.04 to 0.54) for no calcium supplementation (Table 2). Similarly, in the subgroup analysis of calcitriol or eldecalcitol, there was no significant impact of calcium supplementation on the effect of vitamin D on improving muscle strength (Table 2). Due to the supplementation of calcium in all four studies on the treatment of alfacalcidol, we could not compare whether supplementing calcium or not supplementing calcium could enhance the effect of alfacalcidol on muscle strength. In the pooled and separate analysis of active vitamin D analogues, calcium supplementation did not have a significant effect on improving muscle strength.


Table 2 | Subgroup analyses of the effects of calcium combined with active vitamin D analogues on muscle strength.







4 Discussion



4.1 Main findings

Out of the 1207 potentially relevant articles, 12 RCTs were included in the meta-analysis, involving 771 individuals with fall outcomes and 2431 individuals with muscle strength outcomes. The results showed that supplementation with vitamin D analogues reduced the risk of falls by 19% among elderly population. However, regardless of whether individuals received additional calcium supplementation, the effect of active vitamin D treatment on global muscle strength was not significant. Nevertheless, the effect of active vitamin analogues on enhancing muscle strength, especially on enhancing quadriceps strength was observed. It has been shown that quadriceps strength is an important predictor of incident falls (40). Therefore, the active vitamin D analogues reduce the risk of falls possibly by increasing quadriceps strength. Moreover, although there was no direct comparison of these three active vitamin D analogues, their spectrum of action in enhancing muscle strength is the same.




4.2 Comparison with previous meta-analyses

The reduced risk of falls in the present meta-analysis is consistent with the previous meta-analyses by Richy et al. (31) (RR = 0.79, 95% CI= 0.64–0.96), Bischoff-Ferrari et al. (29) (RR= 0.78, 95% CI= 0.64-0.94), and Siobhan et al. (30) (OR = 0.66, 95% CI= 0.44-0.98) who analyzed effects of calcitriol and alfacalcidol on the risk of falls. These studies were published in 2008 and 2009, respectively. The present meta-analysis included vitamin D analogues, such as calcitriol, alfacalcidol and eldecalcitol, as well as a larger sample sizes, providing more comprehensive and up-to-date evidence to demonstrate the effect of active vitamin D analogues on muscle strength and falls. In a previous meta-analysis on the impact of active vitamin D analogues on falls, studies on active vitamin D analogues such as calcitriol and alfacalcidol were mixed with studies on cholecalciferol for analysis (41). The present meta-analysis excluded studies using vitamin D and only included studies using active vitamin D analogues.

As for muscle strength, similarly, all available meta-analyses were conducted using a mixture of vitamin D and active vitamin D analogues. None of the meta-analyses investigated the effect of active vitamin D analogs alone on muscle strength. Rosendahl-Riise, et al. (32) enrolled 3 studies on calcitriol and alfacalcidol and 12 studies on cholecalciferol and ergocalciferol in one pooled meta-analysis in which only hand grip strength was measured, and the results showed no significant improvement in hand grip strength in community-dwelling elderly. Recently, a meta-analysis (42) of a larger number of eligible RCTs has demonstrated insignificant improvements in hand grip strength based on a mixed analysis of cholecalciferol, ergocalciferol, calcifediol, calcitriol, alfacalcidol and eldecalcitol. Similar results were found on hand grip strength and back muscle strength among postmenopausal women (43). However, a recent meta-analysis (33) showed improved hand grip strength using mixed data of cholecalciferol, ergocalciferol, calcifediol, calcitriol and alfacalcidol trials. The present meta-analysis included RCTs in which only active vitamin D analogues was used and various type of muscle strength was measured, and the results showed no significant improvements in hand grip strength and back muscle strength with active vitamin D analogues.

Another study (44), which included studies with various doses of cholecalciferol, ergocalciferol, calcitriol and alfacalcidol supplementation, has shown a small but a significant positive effect of vitamin D and active vitamin D supplementation on global muscle strength. Although we failed to detect any significant effect of active vitamin D analogues on global muscle strength, our results showed a specific increasement in quadriceps strength after the treatment of active vitamin D analogues. However, we find no effect of vitamin D analogue treatment on hand grip strength and back extensor strength. The possible reason why the active vitamin D analogues only has an effect on quadriceps muscle strength but no effects in upper limb muscle strength (hand grip strength) or trunk muscle strength (back extensor strength) may be related to following factors. Firstly, the present meta-analysis included studies of upper limb muscle and trunk muscle with negative effects increased the weighting in the pooled analyses. Secondly, VDR polymorphisms may had different effects on upper, lower limb and trunk muscles. A significant association between the VDR genotypes and quadriceps and grip strength has been observed in elderly (45). It was reported that subjects with the presence of (allele bb) phenotype of a restriction fragment had 23% stronger muscle strength in the quadriceps than those of allele BB phenotype (45). Thirdly, vitamin D deficiency is associated with a lower proportion of type II muscle fibers, also known as fast muscles (46). 1,25(OH)2D3 increases expression of the fast myosin heavy chain isoform during the differentiated phase in mouse muscle cell lines (47). The findings from the present meta-analysis provide supporting data for the role of active vitamin D in increasing type II muscle fibers. Hand grip strength is influenced by a variety of upper limb muscles including both type I and type II muscle fibers. The quadriceps muscle is mainly composed of type II muscle fibers, while back muscles contain mainly type I muscle fibers (48). Thus, these muscles may have different responses to the treatment with active vitamin D analogues. Moreover, compared to the upper limbs, lower limbs are more frequently used for load-bearing in daily life and exercise. As older women age, their upper limb activity increases and lower limb activity decreases. This is because their inter-limb pattern changes during physical activity change, resulting in a more severe decrease in lower limb muscle strength (49). Quadriceps muscle is one of the important lower limb muscles related to falls (40). Therefore, the response of quadriceps to active vitamin D therapy may be better than that of upper limb and trunk muscles.

In subgroup analyses, although the combination of vitamin D and calcium appears to be more effective in treating musculoskeletal disease as previously reported (50), there was no significant difference in the effect between the active vitamin D analogues combined with calcium and the active vitamin D analogues alone in the present studies, suggesting that calcium does not seem to contribute to improving muscle strength. To determine whether the combination of anti-osteoporosis drugs and active vitamin D analogues would affect the effect of active vitamin D analogues on muscle strength, we conducted a subgroup analysis. In both pooled and separate analyses, the results showed there was no significant difference in the effectiveness of using active vitamin D analogues alone compared to using a combination therapy of bisphosphonates or denosumab and the active vitamin D analogue on improving muscle strength (see Supplementary Table 2). However, we were unable to perform subgroup analyses in risk of falls, as only one included study was a combination therapy study using eldecalcitol and bisphosphonates. Moreover, bisphosphonates were also used in the control group of this study, so the use of bisphosphonates had a small effect on the effectiveness of eldecalcitol in preventing falls.

An increased risk of falls is a consequence of decreased muscle function (51). Muscle function can be evaluated by muscle strength, muscle mass, and physical performance tests. Charlotte, et al. (44) reported that treatment with cholecalciferol or ergocalciferol had no significant effect on muscle mass. A mixed meta-analysis (43) also showed that treatment with cholecalciferol, ergocalciferol or active vitamin D did not affect muscle function. However, a significant increase in the timed-up-and-go test was observed with cholecalciferol or ergocalciferol supplementation in another meta-analysis (32). Nevertheless, the sample size and number of included trials in these meta-analyses were small. There is still a lack of meta-analyses about active vitamin D analogues and muscle mass and physical performance tests. The relationship between active vitamin D and muscle mass or physical performance remains unclear. The present meta-analysis only analyzed the effect of active vitamin D analogues on muscle strength without analyzing the effect of active vitamin D analogues on muscle mass and physical performance, as the number of RCTs conducted on active vitamin D analogues and muscle mass and physical performance is limited. Further studies are required to investigate the effect of vitamin D analogues on muscle mass and physical performance.




4.3 Limitations and strengths

There are several limitations in the present study. First, there is a significant heterogeneity in the meta-analysis on global muscle strength. This is probably caused by the large number of studies included in the meta-analysis and by the variability observed among the different protocols of treatment. However, we have used a random effect model in our meta-analyze and investigated this heterogeneity by conducting sensitivity analysis to estimate whether the results could have been affected by a single study. Second, subgroup analyses on falls were not performed and the power of this sensitivity analysis is limited, mainly due to a small number of trials included. More well-designed RCTs are needed to illustrate the effects of vitamin D analogues on falls. Third, there is no RCT directly comparing the effects of active vitamin D analogues with cholecalciferol or ergocalciferol on muscle strength and fall risk. Therefore, we have not been able to compare the advantages and disadvantages, such as efficacy and safety, of active vitamin D analogues with cholecalciferol or ergocalciferol in improving muscle strength and preventing falls. Further RCTs are needed to compare the effects of active vitamin D with cholecalciferol or ergocalciferol on muscle strength and fall risk. Moreover, the common side effects of active vitamin D analogues are hypercalcemia and hypercalciuria. However, due to the incomplete data of side effects of active vitamin D analogues in the studies included, we were unable to do a meta-analysis on the safety of active vitamin D analogues. Last, because the vast majority patients were women, we did not conduct sub-analysis of muscle strength by gender. Future trials are expected to pay more attention to the gender differences.

Our study also has some strength. In the present study, we conducted a meta-analysis to evaluate the effects of calcitriol, alfacalcidol and eldecalcitol on muscle strength and the risk of falls and the effects of active vitamin D analogues on muscle strength of several major muscle groups in the body. The results suggest that supplementation with these active vitamin D analogues help improve quadriceps strength and reduce the risk of falls in the elderly population. There was no significant difference in the spectrum of action of calcitriol, alfacalcidol and eldecalcitol in improving muscle strength. In addition, the present study also included subgroup analysis comparing the effects of using active vitamin D alone and in combination with calcium. The results indicate that when calcium supplementation is used in combination with active vitamin D analogues, they do not enhance the effect of active vitamin D analogues on improving muscle strength.




4.4 Summary

Administration with active vitamin D analogs in older adults is effective in reducing the risk of falls and improving quadriceps strength. However, the evidence was based on a limited number of studies and participants. Large-scale clinical trials are needed to confirm these results.






Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.





Author contributions

AX: Conceptualization, Formal analysis, Methodology, Writing – original draft. HL: Methodology, Writing – review & editing. ML: Methodology, Writing – review & editing. FX: Methodology, Writing – review & editing. XX: Methodology, Writing – review & editing. DD: Methodology, Writing – review & editing. RS: Methodology, Writing – review & editing. YL: Methodology, Writing – review & editing. LQ: Methodology, Writing – review & editing. RW: Methodology, Writing – review & editing. YD: Methodology, Writing – review & editing. ZX: Conceptualization, Funding acquisition, Project administration, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Key R&D Program of China (No.2021YFC2501700), the National Natural Science Foundation of China (No.82171580), the Hunan Provincial Natural Science Foundation of China (No.2021JJ30035) and the Key Research and Development Program of Hunan Province (No.2019SK2253).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1327623/full#supplementary-material




References

1. Houston, DK, Cesari, M, Ferrucci, L, Cherubini, A, Maggio, D, Bartali, B, et al. Association between vitamin D status and physical performance: the InCHIANTI study. J Gerontol A Biol Sci Med Sci (2007) 62(4):440–6. doi: 10.1093/gerona/62.4.440

2. Remelli, F, Vitali, A, Zurlo, A, and Volpato, S. Vitamin D deficiency and sarcopenia in older persons. Nutrients (2019) 11(12):2861. doi: 10.3390/nu11122861

3. Janssen, HCJP, Emmelot-Vonk, MH, Verhaar, HJJ, and van der Schouw, YT. Vitamin D and muscle function: is there a threshold in the relation? J Am Med Dir Assoc (2013) 14(8):627.e13–.e18. doi: 10.1016/j.jamda.2013.05.012

4. Yang, C, Dai, Y, Li, Z, Peng, Y, Zhang, L, and Jia, H. Relationship of serum 25-hydroxyvitamin D levels with sarcopenia and body composition in community-dwelling older adults: A paired case-control study. J Am Med Dir Assoc (2023) 24(8):1213–9. doi: 10.1016/j.jamda.2023.06.004

5. Lips, P. Vitamin D deficiency and secondary hyperparathyroidism in the elderly: consequences for bone loss and fractures and therapeutic implications. Endocr Rev (2001) 22(4):477–501. doi: 10.1210/edrv.22.4.0437

6. Halfon, M, Phan, O, and Teta, D. Vitamin D: a review on its effects on muscle strength, the risk of fall, and frailty. BioMed Res Int (2015) 2015:953241. doi: 10.1155/2015/953241

7. Barbagallo, M, Veronese, N, Di Prazza, A, Pollicino, F, Carruba, L, La Carrubba, A, et al. Effect of calcifediol on physical performance and muscle strength parameters: A systematic review and meta-analysis. Nutrients (2022) 14(9):1860. doi: 10.3390/nu14091860

8. Ling Y, XF, Xia, X, Dai, D, Xiong, A, Sun, R, Qiu, L, et al. Vitamin D supplementation reduces the risk of fall in the vitamin D deficient elderly: An updated meta-analysis. Clin Nutr (2021) 40(11):5531–7. doi: 10.1016/j.clnu.2021.09.031

9. Wei, F-L, Li, T, Gao, Q-Y, Huang, Y, Zhou, C-P, Wang, W, et al. Association between vitamin D supplementation and fall prevention. Front Endocrinol (Lausanne). (2022) 13:919839. doi: 10.3389/fendo.2022.919839

10. Prokopidis, K, Giannos, P, Katsikas Triantafyllidis, K, Kechagias, KS, Mesinovic, J, Witard, OC, et al. Effect of vitamin D monotherapy on indices of sarcopenia in community-dwelling older adults: a systematic review and meta-analysis. J Cachexia Sarcopenia Muscle (2022) 13(3):1641–52. doi: 10.1002/jcsm.13087

11. Bislev, LS, Wamberg, L, Rolighed, L, Grove-Laugesen, D, and Rejnmark, L. Effect of daily vitamin D3 supplementation on muscle health: an individual participant meta-analysis. J Clin Endocrinol Metab (2022) 107(5):1317–27. doi: 10.1210/clinem/dgac004

12. Gao, L-h, Zhu, W-j, Liu, Y-j, Gu, J-m, Zhang, Z-l, Wang, O, et al. Physical performance and life quality in postmenopausal women supplemented with vitamin D: a two-year prospective study. Acta Pharmacol Sin (2015) 36(9):1065–73. doi: 10.1038/aps.2015.55

13. Cheng, Q, Wu, X, Du, Y, Hong, W, Tang, W, Li, H, et al. Levels of serum sclerostin, FGF-23, and intact parathyroid hormone in postmenopausal women treated with calcitriol. Clin Interv Aging. (2018) 13:2367–74. doi: 10.2147/CIA.S186199

14. Setiati, S, Anugrahini,, Fransiska, JE, Tamin, TZ, and Istanti, R. Combination of alfacalcidol and calcium improved handgrip strength and mobility among Indonesian older women: A randomized controlled trial. Geriatr Gerontol Int (2018) 18(3):434–40. doi: 10.1111/ggi.13201

15. Grady, D, Halloran, B, Cummings, S, Leveille, S, Wells, L, Black, D, et al. 1,25-Dihydroxyvitamin D3 and muscle strength in the elderly: a randomized controlled trial. J Clin Endocrinol Metab (1991) 73(5):1111–7. doi: 10.1210/jcem-73-5-1111

16. Xia, W-b, Zhang, Z-l, Wang, H-f, Meng, X-w, Zhang, Y, Zhu, G-y, et al. The efficacy and safety of calcitriol and/or Caltrate D in elderly Chinese women with low bone mass. Acta Pharmacol Sin (2009) 30(3):372–8. doi: 10.1038/aps.2009.12

17. Songpatanasilp, T, Chailurkit, L-O, Nichachotsalid, A, and Chantarasorn, M. Combination of alfacalcidol with calcium can improve quadriceps muscle strength in elderly ambulatory Thai women who have hypovitaminosis D: a randomized controlled trial. J Med Assoc Thai. (2009) 92(Suppl5):S30–41.

18. Hara, S, Kishimoto, KN, Okuno, H, Tanaka, M, Saito, H, Oizumi, A, et al. Effects of alfacalcidol on back extensor strength gained through back extensor exercise in postmenopausal women with osteoporosis. Am J Phys Med Rehabil. (2013) 92(2):101–10. doi: 10.1097/PHM.0b013e31826ed991

19. Saito, T, Mori, Y, Irei, O, Baba, K, Nakajo, S, and Itoi, E. Effect of eldecalcitol on muscle function and fall prevention in Japanese postmenopausal women: A randomized controlled trial. J Orthop Sci (2021) 26(1):173–8. doi: 10.1016/j.jos.2020.02.004

20. Miyakoshi, N, Masutani, N, Kasukawa, Y, Kudo, D, Saito, K, Matsunaga, T, et al. Comparison of the effects of native vitamin D and eldecalcitol on muscular strength and dynamic balance in patients with postmenopausal osteoporosis. Prog Rehabil Med (2020) 5:20200026. doi: 10.2490/prm.20200026

21. Gallagher, JC. The effects of calcitriol on falls and fractures and physical performance tests. J Steroid Biochem Mol Biol (2004) 89-90(1-5):497–501. doi: 10.1016/j.jsbmb.2004.03.059

22. Dukas, L, Bischoff, HA, Lindpaintner, LS, Schacht, E, Birkner-Binder, D, Damm, TN, et al. Alfacalcidol reduces the number of fallers in a community-dwelling elderly population with a minimum calcium intake of more than 500 mg daily. J Am Geriatr Soc (2004) 52(2):230–6. doi: 10.1111/j.1532-5415.2004.52060.x

23. Menczel, J, Foldes, J, Steinberg, R, Leichter, I, Shalita, B, Bdolah-Abram, T, et al. Alfacalcidol (alpha D3) and calcium in osteoporosis. Clin Orthop Relat Res (1994) 300:241–7. doi: 10.1097/00003086-199403000-00033

24. Matsumoto, T, Takano, T, Yamakido, S, Takahashi, F, and Tsuji, N. Comparison of the effects of eldecalcitol and alfacalcidol on bone and calcium metabolism. J Steroid Biochem Mol Biol (2010) 121(1-2):261–4. doi: 10.1016/j.jsbmb.2010.03.035

25. Kubodera, N, Tsuji, N, Uchiyama, Y, and Endo, K. A new active vitamin D analog, ED-71, causes increase in bone mass with preferential effects on bone in osteoporotic patients. J Cell Biochem (2003) 88(2):286–9. doi: 10.1002/jcb.10346

26. Nishii, Y. Rationale for active vitamin D and analogs in the treatment of osteoporosis. J Cell Biochem (2003) 88(2):381–6. doi: 10.1002/jcb.10328

27. Hatakeyama, S, Nagashima, S, Imai, N, Takahashi, K, Ishihara, J, Sugita, A, et al. Synthesis and biological evaluation of a 3-positon epimer of 1alpha,25-dihydroxy-2beta-(3-hydroxypropoxy)vitamin D3 (ED-71). J Steroid Biochem Mol Biol (2007) 103(3-5):222–6. doi: 10.1016/j.jsbmb.2006.12.025

28. Matsumoto, T, Ito, M, Hayashi, Y, Hirota, T, Tanigawara, Y, Sone, T, et al. A new active vitamin D3 analog, eldecalcitol, prevents the risk of osteoporotic fractures–a randomized, active comparator, double-blind study. Bone (2011) 49(4):605–12. doi: 10.1016/j.bone.2011.07.011

29. Bischoff-Ferrari, HA, Dawson-Hughes, B, Staehelin, HB, Orav, JE, Stuck, AE, Theiler, R, et al. Fall prevention with supplemental and active forms of vitamin D: a meta-analysis of randomised controlled trials. BMJ (2009) 339:b3692. doi: 10.1136/bmj.b3692

30. O'Donnell, S, Moher, D, Thomas, K, Hanley, DA, and Cranney, A. Systematic review of the benefits and harms of calcitriol and alfacalcidol for fractures and falls. J Bone Miner Metab (2008) 26(6):531–42. doi: 10.1007/s00774-008-0868-y

31. Richy, F, Dukas, L, and Schacht, E. Differential effects of D-hormone analogs and native vitamin D on the risk of falls: a comparative meta-analysis. Calcif Tissue Int (2008) 82(2):102–7. doi: 10.1007/s00223-008-9102-0

32. Rosendahl-Riise, H, Spielau, U, Ranhoff, AH, Gudbrandsen, OA, and Dierkes, J. Vitamin D supplementation and its influence on muscle strength and mobility in community-dwelling older persons: a systematic review and meta-analysis. J Hum Nutr Diet. (2017) 30(1):3–15. doi: 10.1111/jhn.12394

33. Zhang, J-L, Poon, CC-W, Wong, M-S, Li, W-X, Guo, Y-X, and Zhang, Y. Vitamin D supplementation improves handgrip strength in postmenopausal women: A systematic review and meta-analysis of randomized controlled trials. Front Endocrinol (Lausanne). (2022) 13:863448. doi: 10.3389/fendo.2022.863448

34. Liberati, A, Altman, DG, Tetzlaff, J, Mulrow, C, Gøtzsche, PC, Ioannidis, JPA, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. Ann Intern Med (2009) 151(4):W65–94. doi: 10.1016/j.jclinepi.2009.06.006

35. Hozo, SP, Djulbegovic, B, and Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med Res Methodol (2005) 5:13. doi: 10.1186/1471-2288-5-13

36. Luo, D, Wan, X, Liu, J, and Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or mid-quartile range. Stat Methods Med Res (2018) 27(6):1785–805. doi: 10.1177/0962280216669183

37. Higgins, JPT, Thomas, J, Chandler, J, Cumpston, M, Li, T, Page, MJ, et al. (editors). Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated February 2021). Cochrane, Chichester (UK) (2021). Available at: www.training.cochrane.org/handbook.

38. Sterne, JA, Egger, M, and Smith, GD. Systematic reviews in health care: Investigating and dealing with publication and other biases in meta-analysis. BMJ (2001) 323(7304):101–5. doi: 10.1136/bmj.323.7304.101

39. Saito, K, Miyakoshi, N, Matsunaga, T, Hongo, M, Kasukawa, Y, and Shimada, Y. Eldecalcitol improves muscle strength and dynamic balance in postmenopausal women with osteoporosis: an open-label randomized controlled study. J Bone Miner Metab (2016) 34(5):547–54. doi: 10.1007/s00774-015-0695-x

40. Scott, D, Stuart, AL, Kay, D, Ebeling, PR, Nicholson, G, and Sanders, KM. Investigating the predictive ability of gait speed and quadriceps strength for incident falls in community-dwelling older women at high risk of fracture. Arch Gerontol Geriatr. (2014) 58(3):308–13. doi: 10.1016/j.archger.2013.11.004

41. Bischoff-Ferrari, HA, Dawson-Hughes, B, Willett, WC, Staehelin, HB, Bazemore, MG, Zee, RY, et al. Effect of Vitamin D on falls: a meta-analysis. JAMA (2004) 291(16):1999–2006. doi: 10.1001/jama.291.16.1999

42. Abshirini, M, Mozaffari, H, Kord-Varkaneh, H, Omidian, M, and Kruger, MC. The effects of vitamin D supplementation on muscle strength and mobility in postmenopausal women: a systematic review and meta-analysis of randomised controlled trials. J Hum Nutr Diet. (2020) 33(2):207–21. doi: 10.1111/jhn.12717

43. Tabrizi, R, Hallajzadeh, J, Mirhosseini, N, Lankarani, KB, Maharlouei, N, Akbari, M, et al. The effects of vitamin D supplementation on muscle function among postmenopausal women: a systematic review and meta-analysis of randomized controlled trials. EXCLI J (2019) 6(18):591–603. doi: 10.17179/excli2019-1386

44. Beaudart, C, Buckinx, F, Rabenda, V, Gillain, S, Cavalier, E, Slomian, J, et al. The effects of vitamin D on skeletal muscle strength, muscle mass, and muscle power: a systematic review and meta-analysis of randomized controlled trials. J Clin Endocrinol Metab (2014) 99(11):4336–45. doi: 10.1210/jc.2014-1742

45. Geusens, P, Vandevyver, C, Vanhoof, J, Cassiman, JJ, Boonen, S, and Raus, J. Quadriceps and grip strength are related to vitamin D receptor genotype in elderly nonobese women. J Bone Miner Res (1997) 12(12):2082–8. doi: 10.1359/jbmr.1997.12.12.2082

46. Scott, W, Stevens, J, and Binder-Macleod, SA. Human skeletal muscle fiber type classifications. Phys Ther (2001) 81(11):1810–6. doi: 10.1093/ptj/81.11.1810

47. Okuno, H, Kishimoto, KN, Hatori, M, and Itoi, E. 1α,25-dihydroxyvitamin D3 enhances fast-myosin heavy chain expression in differentiated C2C12 myoblasts. Cell Biol Int (2012) 36(5):441–7. doi: 10.1042/CBI20100782

48. Schiaffino, S, and Reggiani, C. Fiber types in mammalian skeletal muscles. Physiol Rev (2011) 91(4):1447–531. doi: 10.1152/physrev.00031.2010

49. Ferrreira, L, Gobbi, S, and Gobbi, LTB. An explanatory mechanism for the different decline in limb strength in older women. Arch Gerontol Geriatr. (2009) 49(3):373–7. doi: 10.1016/j.archger.2008.12.002

50. Wu, H, and Pang, Q. The effect of vitamin D and calcium supplementation on falls in older adults : A systematic review and meta-analysis. Orthopade (2017) 46(9):729–36. doi: 10.1007/s00132-017-3446-y

51. Larsson, L, Degens, H, Li, M, Salviati, L, Lee, YI, Thompson, W, et al. Sarcopenia: aging-related loss of muscle mass and function. Physiol Rev (2019) 99(1):427–511. doi: 10.1152/physrev.00061.2017




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Xiong, Li, Lin, Xu, Xia, Dai, Sun, Ling, Qiu, Wang, Ding and Xie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1327623-g003.jpg
VD type and Study

Calcitriol

Gao et al, 2015 Grip strength (L)
Gao et al, 2015 Grip strength (R)

Xia et al, 2009 Grip strength (L)

Xia et al, 2009 Grip strength (R)
Grady et al, 1991 Grip strength
Cheng et al, 2018 Grip strength (L)
Cheng et al, 2018 Grip strength (R)
Subgroup, DL (I = 90.7%, p < 0.001)

Alfacalcidol

Setiati et al, 2017 Grip strength

Hara et al, 2017 Back Extensor Strength
Songpatanasilp et al, 2009 Quadriceps strength (1)
Songpatanasilp et al, 2009 Quadriceps strength (2)
Subgroup, DL (I? = 58.9%, p =0.063)

Eldecalcitol

Saito et al, 2021 Back extensor strength
Saito et al, 2021 Quadriceps strength (L)
Saito et al, 2021 Quadriceps strength (R)
Saito et al, 2021 Grip strength (L)

Saito et al, 2021 Grip strength (R)

Saito et al, 2016 Grip strength

Saito et al, 2016 Back extensor strength
Saito et al, 2016 lliopsoas muscle strength
Miyakosh et al, 2020 Grip strength
Miyakosh et al, 2020 Back extensor strength
Miyakosh et al, 2020 Hip flexor strength
Miyakosh et al, 2020 Knee extensor strength
Subgroup, DL (12 = 34.1%, p = 0.118)

Overal, DL (12 = 76.9%, p < 0.001)
Heterogeneity between groups: p = 0.329

Mean1

19.85
21.09
19.60
21.00

2.96
1.95

15.50
171.60
3.17
27.13

23.00
13.50
10.50
0.00
1.00
20.90

SD1

4.40
4.64
4.20
4.80

0.35
0.32

3.75

64.70
29.90
57.10

43.49
30.85
34.80
12.17
12.08
3.10

151.30 60.20
138.80 27.20

-0.10
4.30
0.00
0.00

22.52

12.35
14.66
1.73

N2 Mean2
101 18.97
101 19.87
70 20.10
70 21.10
48 1.51
66 -0.87
66 -0.25
42 1375
44  186.00
19 -8.00
19 -573
91 20.00
91 4.00
91 850
91 1.00
91 1.00
17 20.80
17 136.40
17 138.60
13  -1.50
13 16.70
13 2.60
13 780

SD2

5.37

4.10
4.30
2.40
6.35
2.37

4.12

69.30
29.90
46.50

Favors Control

Favors Active vitamin D

SMD
Effect (95% Cl)

0.18 (-0.09, 0.45)
0.24 (-0.03, 0.51)
-0.12 (-0.45, 0.21)
-0.02 (-0.35, 0.31)
-0.40 (-0.80, -0.00)
0.88 (0.53, 1.23)
1.35(0.98, 1.71)
0.30 (-0.10, 0.70)

0.44 (0.02, 0.87)
-0.22 (-0 62, 0.19)
0.37 (-0.25, 1.00)
0.63 (-0.01, 1.26)
0.27 (-0.13, 0.67)

0.07 (-0 22, 0.36)
0.41(0.12, 0.71)

0.14 (-0.15, 0.44)
-0.08 (-0.37, 0.21)
0.00 (-0.29, 0.29)
0.03 (-0.63, 0.69)
0.26 (-0.40, 0.93)
0.01 (-0 66, 0.67)
0.10 (-0.79, 0.98)
-0.83 (-1.75, 0.09)
-0.25 (-1 13, 0.64)
-1.05 (-1.99, -0.11)
0.04 (-0.13, 0.20)

0.15 (-0.03, 0.33)

Weight %

5.54
5.54
5.21
5.21
4.82
5.13
5.01
36.46

4.68
4.78
3.58
3.52
16.57

543
5.41
543
543
543
3.40
3.38
3.40
2.50
2.38
2.49
2.30
46.97

100.00





OEBPS/Images/fendo-15-1327623-g001.jpg
7786 records identified through data
base searching (Pubmed: 725;

Cochrane: 7061)

6579 Excluded
2709 Duplicates
465 Reviews
3405 Irrelevant contents

1207 articles
screened for abstracts

1132 Excluded
446 Native vitamin D
324 Cells or animals researches
308 Irrelevant contents
54 Reviews

75 full-text articles
assessed for eligibility

57 Excluded
25 Not RCTs
18 Without full texts
6 Conference abstracts
4 Comments
3 Letters
1 Editorial

18 potential articles
for further analysis

6 Excluded
1 Retracted
2 Not main intervention drug
2 Repeated data
1 unknown classification of active vitamin D

12 articles for final meta-analysis
(Calcitriol: 5; Alphacalcidol: 4;
Eldecalcitol: 3)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Effects of active vitamin D analogues on muscle strength and falls in elderly people: an updated meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Protocol and registration

          



          		

            2.2 Search strategy

          



          		

            2.3 Inclusion criteria

          



          		

            2.4 Exclusion criteria

          



          		

            2.5 Review process

          



          		

            2.6 Quality assessment

          



          		

            2.7 Meta-analysis

          



          		

            2.8 Subgroup and sensitivity analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Study characteristics

          



          		

            3.2 Risk of bias of included studies

          



          		

            3.3 Meta-analysis of RCTs of vitamin D analogues for the prevention of falls

          



          		

            3.4 Meta-analysis of RCTs of vitamin D analogues and muscle strength

          



        



        



        		

          4 Discussion

        

          		

            4.1 Main findings

          



          		

            4.2 Comparison with previous meta-analyses

          



          		

            4.3 Limitations and strengths

          



          		

            4.4 Summary

          



        



        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Subgroup Studies, n Participants, n SMD 12,% p values

[95% Conf. Intervall
Treatment Control

Active vitamin D analogues in the pooled analysis
Without calcium 11 699 686 025 [-0.04, 0.54] 85.00 0.092

With calcium 12 528 518 0.054 [-0.14, 0.25] 50.10 0.58

Active vitamin D analogues in the separate analysis

Calcitriol
Without calcium 3 200 180 0.61 [0.37, 1.59] 95.30 0.22
With calcium 4 358 342 0.093 [-0.07, 0.26] 16.00 0.26
Edecalcitol
Without calcium 8 499 506 0.11 [-0.018, 0.23] 0.00 0.093

With calcium 4 32 52 -0.49 [-1.01, 0.025] 2290 0.062





OEBPS/Images/fendo-15-1327623-g004.jpg
A SMD

VD type and study N1 Mean1 SD1 N2 Mean2  SD2 Effect (95% CI)  Weight %

Calcitriol

Gao etal, 2015 (L) 109 1985 440 101 1897 537 0.18(-0.09,045)  9.32
Gao etal, 2015 (R) 109 2109 464 101 19.87 552 024(-0.03,051)  9.32
Xia et al, 2009 (L) 70 1960 420 70 2010 410 -0.12(-045,021) 890
Xia et al, 2009 (R) 70 2100 480 70 2110 430 -0.02(-0.35,0.31)  8.90
Grady et al, 1991 50 064 190 48 151 240 -0.40 (-0.80, -0.00)  8.38
Cheng et al, 2018 (L) 75 296 035 66 087 635 —_—— 088(053,1.23) 879
Cheng et al, 2018 (R) 75 195 032 66 025 237 —— 1.35(0.98,1.71) 864

0.30(-0.10,0.70) 6225

044(002,087) 819
044(002,087) 819

Subgroup, DL (1= 90.7%, p < 0.001)

Alfacalcidol
Setiati et al, 2017 46 1550 375 42 1375 412
Subgroup, DL (= 0.0%, p

Eldecalcitol

Saito et al, 2021 (L) 89 000 1217 91 100 1220 -0.08(-0.37,021) 918
Saito et al, 2021 (R) 89 100 1208 o1 100 11.70 0.00(-029,029)  9.18
Saito et al, 2016 18 2090 310 17 2080  3.90 0.03(-0.63,069)  6.32
Miyakosh et al, 2020 8 010 2252 13 150 658 0.10(-0.79,0.98)  4.87

Subgroup, DL (1 = 0.0%, p = 0.966) -0.03(-0.22,0.16) 2955

Overall, DL ( I = 85.0%, p < 0.001) 0.22(-0.05,049)  100.00

Heterogeneity between groups: p = 0.074

Favors Control Favors Active vitamin D

SMD
VD type and study N1 Mean1  SD1 N2 Mean2  SD2 Effect 95% Cl)  Weight %

Alfacalcidol
Songpatanasilp et al, 2009 (1) 21 3.47 2990 19 -8.00 299 0.37(:0.25,1.00)  9.05
Songpatanasilp et al, 2009 (2) 21 2713 5710 19 573 46.50 063(:0.01,1.26)  8.77

Subgroup, DL (12 = 0.0%,p = 0.577) 050(0.05,094)  17.82

Eldecalcitol
Saito et al, 2021 Quadriceps strength (R) 89 1050 3480 91 550 3500 014(-015,044) 4147
Saito et al, 2021 Quadriceps strength (L) 89 1350 3085 91 400 1080

041(0.12,071) 4071
028(001,054) 8218
—_—— 032(0.13,050)  100.00

C Favors Control Favors Active vitamin D
- 0 A _—

VD type and study N1 Mean1 SD1 N2 Mean2  SD2 Effect (35% CI)  Weight %

Subgroup, DL (I? = 37.9%, p = 0.204)

Overal, DL (I* = 0.0%, p = 0.440)
Heterogeneity between groups: p = 0.402

Alfacalcidol
Hara et al, 2017 50 17160 6470 44 18600  69.3
Subgroup, DL (12 = 0.0%,

0.22(:0.62,0.19)  31.39
0.22(-062,0.19)  31.39

Eldecalcitol
Saito et al, 2021 89 2300 4349 91 2000 4340 007 (0.22,0.36)  42.03
Saito et al, 2016 18 15130 6020 17 13640  53.10 0.26(-0.40,093)  16.66
Miyakosh et al, 2020 8 430 1235 13 1670  16.17 0.83(-1.75,009)  9.92

Subgroup, DL (I* = 49.0%, p = 0.141) 0.05(-0.52,043) 6861

Overall, DL (I? = 38.8%, p = 0.179) -0.08 (-0.39,0.24)  100.00

Heterogeneity between groups: p = 0.594

Favors Control Favors Active vitamin D
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OEBPS/Images/table1.jpg
Sample size Country/ Intervention Calcium Duration = Baseline 25(OH)D = Outcome

(control/ Sex (name and  supplement = (months) (nmol/L) measures
intervention) daily dose) (mg/day) (control/
intervention)
Gallagher 112/101 66.0- USA Calcitriol 0.5 pg Below 1000 36 80.5+27.4 /78,0 + 21.6 Falls
etal, 77.0 / Females vs Placebo
2004 (21)
Gao etal., 262/116 634 China Calcitriol 0.25 pg 600 24 62.5 (50.0-75.3)/64.4 Grip strength
2015 (12) +5.0 / Females # (51.1-76.3)
Calcium 600 mg
vs Cholecalciferol
800 IU +
Calcium 600 mg
Xia et al., 76/74 70.4 China Calcitriol 0.25 pg 600 12 NA Grip strength
2009 (16) +36 / Females + Calcium 600
mg vs Calcium
600 mg
Grady 48/50 79.1 USA / Males  Calcitriol 0.25 ug NA 6 65.7 + 51.4/60.4 + 353 Grip strength
etal, (70.0- | and females vs Placebo
1991 (15) 97.0)
Cheng 66/75 57.7 China Calcitriol 0.5 pg 0 4 49.3 +30.0/53.4 £ 243 Grip strength
etal, +8.1 / Females vs Placebo
2018 (13)
Dukas 187/193 75.0 Switzerland / Alphacalcidol 1 Below 500 9 88.3 +33.4/93.3 + 362 Falls
etal, Males ug vs Placebo
2004 (22) and females
Setiati 48/47 70.0 Indonesia Alfacalcidol 0.5 500 3 37.5 (17.0-66.0)/42.0 Grip strength
etal, / Females ug vs Placebo (19.0-96.0)
2017 (14)
Hara et al., 48/53 55.0- Japan Alfacalcidol 1 pug 200 4 57.4 + 20.3/56.8 + 20.0 Back
2013 (18) 75.0 / Females + extensor
Alendronate 35 strength
mg vs
Alendronate
35 mg
Songpatan/ 19/21 70.6 Thai Alfacalcidol 0.5 1500 3 743 +10.1/77.1 + 14.3 Quadriceps
asilp et al,, +43 / Females ug vs Placebo muscle
2009 (17) strength
Saito et al., 91/89 55.0- Japan Eldecalcitol 0.75 NA 6 NA Falls/Multiple
2021 (19) 75.0 / Females ug + muscle
Bisphosphonate strength
vs
Bisphosphonate
Saito et al., 17/18 74.0 Japan Eldecalcitol 0.75 NA 6 NA Multiple
2016 (39) (63.0- / Females ug+ muscle
86.0) Alendronate 35 strength
mg/week vs
Alendronate 35
mg/week
Miyakosh 13/8 >60.0 Japan Eldecalcitol 0.75 610 6 85.8 (78.0-111.7)/74.9 Multiple
etal, / Females ug + (52.4-113.9) muscle
2020 (20) Denosumab vs strength
Cholecalciferol
400 TU +
Denosumab

NA, Not Available.
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