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Objective

This systematic review and meta-analysis aimed to investigate the association between circulating irisin levels and osteoporosis in women, exploring irisin’s potential role in the pathophysiology and management of osteoporosis.





Method

We searched PubMed, Embase, Web of Science, Cochrane Library, CNKI, WanFang, and VIP databases up to January 2023. The inclusion criteria were observational studies reporting on circulating irisin levels in women. The standardized mean difference (SMD) and correlation coefficients with a 95% confidence interval (CI) were used as the main effect measures under a random-effects model. Heterogeneity was evaluated using the Cochrane Q statistic and the I2 statistics. Subgroup analysis and univariate meta-regression analysis were performed to identify the sources of heterogeneity. The quality of the included study was assessed by the Newcastle-Ottawa Score. The quality of evidence was evaluated using the GRADE system. Publication bias was assessed using Begg’s and Egger’s test, and the trim-and-fill method. Sensitivity analysis was performed to assess the stability of the results.





Results

Fifteen studies with a total of 2856 participants met the criteria. The analysis showed significantly lower irisin levels in postmenopausal osteoporotic women compared to non-osteoporotic controls (SMD = -1.66, 95% CI: -2.43 to -0.89, P < 0.0001; I2 = 98%, P < 0.00001) and in postmenopausal individuals with osteoporotic fractures than in non-fractures controls (SMD = -1.25, 95% CI: -2.15 to -0.34, P = 0.007; I2 = 97%, P < 0.00001). Correlation analysis revealed that irisin levels positively correlated with lumbar spine BMD (r = 0.37, 95% CI: 0.18 to 0.54), femoral BMD (r = 0.30, 95% CI: 0.18 to 0.42), and femoral neck BMD (r = 0.31, 95% CI: 0.14 to 0.47) in women. Despite significant heterogeneity, the robustness of the results was supported by using the random effects model and sensitivity analysis.





Conclusion

The current evidence suggests that lower irisin levels are significantly associated with osteoporosis and fracture in postmenopausal women, suggesting its utility as a potential biomarker for early detection of osteoporosis and therapeutic target. However, further high-quality prospective research controlling for confounding factors is needed to clarify the relationship between irisin levels and osteoporotic outcomes.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO, identifier CRD42023410264.
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1 Introduction

Osteoporosis (OP) is a pathological condition characterized by decreased bone mass, microstructural deterioration of bone tissue, and reduced bone strength, which significantly increases the risk of fractures (1). OP poses a substantial public health challenge across the world. Notably, postmenopausal osteoporosis (PMOP) is a major type of primary osteoporosis, which is particularly prevalent among women over 50 years of age, resulting from estrogen deficiency after menopause. PMOP affects nearly half of this population, a statistic that is particularly concerning in the context of an aging global population (2). PMOP and its serious complication of fracture significantly impact the mortality rate and quality of life of older women, while imposing considerable global health and economic burdens. For instance, low bone mineral density (BMD) has led to a rapid increase in disability-adjusted life-years and deaths in women globally, with a rise of 101.44% and 116.87% respectively compared with the data in 1990 (3). In 2019, the total direct cost of osteoporosis and the 4.3 million fragility fractures it caused in the European Union plus the UK and Switzerland amounted to €56.9 billion (4). Consequently, the early detection and diagnosis of OP are critical to mitigate the associated health risks, especially in postmenopausal women.

The most widely validated technique to measure BMD is dual-energy X-ray absorptiometry (DXA) at various skeletal sites. However, the high cost and limited accessibility impede its applications for widespread use and primary care inspection. Blood markers, which can detect changes in bone metabolism earlier than DXA and provide insights into bone formation and resorption dynamics without exposing patients to radiation, offer a more frequent, risk-free alternative. Despite their widespread use in clinical settings, classical biomarkers like C-terminal telopeptide of type I collagen (CTX-I) and procollagen type 1 N-terminal propeptide (P1NP) have some limitations, such as low specificity (due to synthesis in tissues other than bone), susceptibility to circadian changes, fasting and feeding, and renal function (5, 6). To address these challenges, recent research has focused on the exploration of novel biomarkers reflecting specific biological processes in bone for diagnostic, prognostic, and monitoring purposes. These emerging biomarkers may provide an accessible alternative to conventional imaging examinations and existing biomarkers.

Irisin, discovered in 2012, a novel myokine encoded by the FNDC5 gene has garnered attention under the trend. Approximately 72% of circulating irisin is derived from skeletal muscle during exercise (7), and it is widely present in various body tissues, including the pancreas, testes, liver, and stomach (8). Irisin has been implicated in the regulation of various endocrine and metabolic disorders, such as obesity and insulin resistance (9, 10). Numerous clinical studies have demonstrated the correlation between serum irisin levels and bone health indicators in different populations. For example, Colaianni reported that irisin levels positively correlated with BMD in older adult patients (11). In addition, many clinical studies have indicated decreased irisin levels in postmenopausal women with osteoporosis and a correlation between lower irisin levels and an elevated risk of osteoporotic fractures (12–14). These findings suggest that irisin could serve as a predictor and prognostic biomarker for OP. Further experimental studies have supported irisin’s significant role in bone metabolism and remodeling. For instance, irisin increased cortical bone mass in rodents and enhanced bone mass in ovariectomized mice, a model for PMOP studies (15, 16). Given the evidence from both human and experimental studies, irisin-based therapies could be promising targets for the treatment of osteoporosis. Furthermore, decreased estrogen levels in postmenopausal women increase the incidence of metabolic diseases, which are established risk factors for osteoporosis (17). Moreover, studies have also linked reduced irisin levels to sarcopenia in postmenopausal women, a known risk factor for fractures (18, 19). Overall, these multiple benefits of irisin on metabolic and bone health make it particularly valuable for addressing the multifaceted health challenges faced by postmenopausal women.

Although the positive impact of irisin on bone metabolism has been widely researched, recent studies have yielded conflicting findings regarding irisin’s association with BMD. Some studies reported decreased irisin levels in postmenopausal women with OP or fractures (12–14), while others found no significant correlation (20, 21). Similar inconsistencies are noted among premenopausal women regarding the relationship between irisin and BMD or Z scores (22, 23). Therefore, whether menopausal status might influence the relationship between irisin and bone health remains unclear. This inconsistency might stem from the heterogeneity in study populations, such as variations in age, Body Mass Index (BMI), and other factors affecting bone metabolism. Another source of inconsistency is the clinical trial design heterogeneity, such as age-matching, and the lack of uniformity in the diagnostic criteria for osteoporosis. A meta-analysis published in 2019 by Zhou et al. indicated a reduction in irisin levels in postmenopausal women, yet this study had several limitations (24). Firstly, its inclusion of both genders created heterogeneity because sex differences between men and women resulted in different metabolic states. In addition, the prior meta-analysis only included older populations and lacked thoroughly examining premenopausal women. Meanwhile, the effect of hormone levels on the relationship between irisin and BMD was not investigated. Furthermore, its statistical methodology, which used the mean difference (MD) as the effect size to pool studies with different kits, may have led to the pooling of non-comparable data, thereby rendering the meta-analysis results less meaningful. Finally, the previous meta-analysis did not conduct a subgroup analysis of age, BMI, and other potential confounding factors to identify the sources of heterogeneity.

Given the significance of this issue, the discrepancies in existing findings, and the limitations of previous meta-analysis, we conducted this systematic review and meta-analysis to further elucidate the relationship between irisin and osteoporosis/fractures/BMD in women. This present study, which includes recent research on both postmenopausal and premenopausal women, is the first to analyze the influence of hormone levels on the relationship between irisin and BMD. By using standardized mean difference (SMD) as the effect size and conducting subgroup analysis and meta-regression, we included a larger and more diverse sample size, standardized results across different measurement techniques, and provided insights into irisin’s potential applications in preventing and treating osteoporosis at various stages of a woman’s life.




2 Methods

We conducted this meta-analysis following the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA), based on a protocol registered in the International Prospective Register of Ongoing Systematic Reviews (PROSPERO) system (ID: CRD42023410264) (25).



2.1 Search strategy

We searched four English electronic databases (PubMed, Embase, Web of Science, Cochrane Library) and three Chinese electronic databases (the Chinese National Knowledge Infrastructure (CNKI), WanFang, and VIP). Searches were conducted using the following MeSH key terms and word variants: (‘osteoporosis’ OR ‘Bone Density’ OR ‘Fractures, Bone’) AND (‘irisin’ OR ‘FNDC5’). The search covered records from database inception up to January 2023. The detailed search strategy is provided in Supplementary File 1.




2.2 Study eligibility and selection

Two independent authors evaluated and selected relevant studies based on the following criteria:

1) Population: postmenopausal women or premenopausal women.

2) Outcomes: studies that provide data on at least one of the outcomes: comparing the circulating levels of irisin in OP and non-OP groups; comparing the circulating levels of irisin in fracture and non-fracture groups; analyzing the correlation between circulating irisin levels and BMD at the lumbar spine or femoral or femoral neck.

3) Study type: observational studies including cross-sectional, case-control, and cohort studies.

4) The language was English or Chinese.

Exclusion criteria:

1) animal studies, conference abstract, review, and case reports.

2) the full text of literature could not be obtained.

3) the original data of the study could not be converted or used.

4) did not distinguish sex or menopausal status.

Any disagreements were resolved by consultation with a third reviewer (JZ).




2.3 Data extraction

Two researchers (XYS and MNY) independently extracted the following information based on the registered protocol and Cochrane handbook through a standardized Excel spreadsheet. Data extracted from each article comprised: 1) study characteristics: title, name of first author, year of publication, country, type of study; 2) basic characteristics of individuals including sample size, mean age, mean BMI, fasting status, bone densitometry method and site, fracture site, definition of osteoporosis; 3) details of irisin examination including assay kit manufacturer and mean irisin concentration and respective standard deviation (SD); 4) correlation coefficients between irisin levels and BMD. We extracted data from healthy controls, excluding any individuals with the disease under study. Any disagreements were resolved by consultation with a third reviewer (JZ).




2.4 Assessment of the methodological quality and quality of evidence

Two reviewers (XYS and MNY) independently assessed the methodological qualities of the included studies using the Newcastle-Ottawa Scale (NOS) (26). The NOS grades the study a maximum of nine points based on three quality aspects: the selection of the study groups, the comparability of the groups, and the ascertainment of the outcome of interest. The total score of > 7, 5–6, and < 5 were considered high-, medium-, and low methodological quality respectively (27).

The quality of the evidence for each outcome was evaluated by two authors (XYS and MNY) using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) tool independently (28). Following the GRADE principle, observational research initiated with low-quality evidence may be subjected to downgrades in terms of five factors: risk of bias, inconsistency, indirectness, imprecision, and publication bias. Additionally, studies may be upgraded for three factors: large effect sizes, potential confounders, and dose-response relationships. The final GRADE evaluation of the quality of the evidence was then classified as high, moderate, low, or very low, as generated by GRADE pro software (version 3.6). Any disagreements were resolved by consultation with a third reviewer (JZ).




2.5 Statistical analysis

Statistical heterogeneity of each outcome was evaluated using the Cochrane Q statistic (statistical significance set at P < 0.10) and quantified by the I2 index. The interpretation of the I2 index was classified as low, moderate, and high with I2 values ranging from 25%, 50%, and 75% respectively (29). Given the inevitable clinical heterogeneity of the included studies and the recommended methods of the references, we employed the random-effects model regardless of the results of the heterogeneity test (30). Since the included studies used different kits to detect irisin, the SMD with a 95% CI was used to calculate the pooled results. Prior to the meta-analysis of the correlation coefficients, we transformed Spearman’s correlation coefficient into Pearson’s correlation coefficient for unification, then meta-analysis were conducted using the inverse of the variance method and Fisher’s z-transformation with the methodologies described in the previous literature (31, 32).

The subgroup analysis and uni-variate meta-regression were conducted to determine the source of heterogeneity and to investigate associations between the effect size and several pre-defined related clinical and methodological factors. These included different age groups (≥ 60 vs. < 60 years), whether matched for age (matched vs. not matched), BMI (non-obese vs. obese), ethnicity (Asian vs. Caucasian), definition of the non-OP group (T > -1 vs. T < -1), publication language (English vs. Chinese), and ELISA kit (Phoenix vs. others).

Sensitivity analysis using the leave-one-out method was performed to assess the influence of each study on the pooled results and to explore the robustness of the meta-analysis. The results were considered robust if the findings remained unchanged after the exclusion of a single study, otherwise, the robustness was poor, and the findings needed to be treated with caution. Moreover, funnel plots, Begg’s test, and Egger’s test were examined to explore potential publication bias (33). We hypothesized no obvious publication bias existed if P > 0.05, otherwise significant publication bias existed. The impact of possible missing studies on the overall results was assessed using a nonparametric trim-and-fill method to judge the stability of the results. Consistency of results before and after applying the trim-and-fill method indicated robust findings (34).

A two-tailed P value < 0.1 indicated significance for subgroup comparisons and meta-regression analysis based on the tutorial (35, 36). A two-tailed P value < 0.05 was considered statistically significant for the test of overall effect. The meta-analysis and subgroup analysis were performed using RevMan software (Version 5.4, Nordic Cochrane Centre, Copenhagen, Denmark). Analyses of publication bias and meta-regression were conducted using the STATA software (Version 16; Stata Corporation, College Station, TX).





3 Results



3.1 Search results

A summary of the review process is presented in the flow chart in Figure 1. The initial search identified 1213 publications. After removing duplications, 657 publications remained. By carefully scanning titles and abstracts, we removed 592 irrelevant records and screened the full texts of remained 65 articles. Articles were excluded for the following reasons: 25 articles did not report BMD; 16 articles did not meet the inclusion criteria of population; and 9 articles did not report relevant outcomes. Finally,15 eligible studies that met our criteria were included in the systematic review and meta-analysis.




Figure 1 | Flow diagram of the search process according to PRISMA.






3.2 Study characteristics

The characteristics of the included studies are shown in Table 1 (12–14, 18, 20, 22, 37–45). A total of 15 studies with 2856 participants were included in this systematic review and meta-analysis. These studies were published between 2014 and 2022. Nine studies were published in English, six were in Chinese. The studies originated from China (8 studies), Greece (2 studies), France (1 study), Italy (1 study), Iraq (1 study), Korea (1 study), and Turkey (1 study), including Asian and European populations. The age range of participants was from 18.5 ± 4.2 to 80.7 ± 1.7 years old. Most studies used DXA to measure BMD, except one study used Quantitative Computed Tomography (QCT) (18). However, the diagnostic criteria for OP varied across different studies as presented in Table 1. Specifically, for the outcome of irisin levels in the osteoporosis and control groups, 3/11 articles did not provide diagnostic criteria, and 7/11 articles used a diagnostic criterion of T score less than -2.5, while 1 article used a criterion of T score less than -2.0. Most studies detected irisin levels in serum, with only one measuring irisin in plasma (40). Furthermore, most of the studies measured irisin by commercial enzyme-linked immunosorbent assay (ELISA) kits from seven different corporations, though one study did not mention the ELISA kit manufacturer (38) and another did not report the measurement method (37). We did not exclude the literature including postmenopausal women who had previously received anti-osteoporosis treatment, because patients with severe osteoporosis or fractures generally require such therapy, and prior literature indicates that three months of teriparatide or denosumab treatment does not affect irisin levels (45).


Table 1 | Basic characteristics of included studies.






3.3 Methodological quality

The NOS scale was used to assess the methodological quality of the included articles. Detailed scores for each study are shown in Supplementary Table 1. One study scored 5, two scored 6, seven studies scored 7, four scored 8, and one scored 9. Overall, the methodological quality of the included studies was moderate to high. Three studies of moderate quality, scoring 5–6, exhibited specific deficiencies: three lacked a definition of the case group, resulting in an adequate case definition score of 0 (37, 40, 41); two included hospital population controls, which led to a selection of controls score of 0 (40, 41); one did not provide the definition of the control group, resulting in a score of 0 for the definition of controls (41); three controlled for various confounders but not for age, resulting in the comparability section score of 1 (37, 40, 41); One did not report the detection kit used, thus resulting in an ascertainment of exposure score of 0 (37).




3.4 Meta-analysis of irisin levels in PMOP individuals

11 studies reported irisin levels in 1012 PMOP cases and 1045 non-PMOP controls. The pooled result suggested that individuals with PMOP had significantly lower circulating irisin levels than non-PMOP controls (SMD = -1.66, 95% CI: -2.43 to -0.89, P < 0.0001; I2 = 98%, P < 0.00001) (Figure 2).




Figure 2 | Forest plot of differences in irisin levels between postmenopausal women with osteoporosis and with normal bone mineral density.






3.5 Meta-analysis of irisin levels in postmenopausal women with fractures

The forest plot including 5 studies with 469 fracture cases and 547 non-fracture controls showed that postmenopausal women with fractures had significantly lower irisin levels than non-fracture controls (SMD = -1.25, 95% CI: -2.15 to -0.34, P = 0.007; I2 = 97%, P < 0.00001) (Figure 3).




Figure 3 | Forest plot of differences in irisin levels in postmenopausal women with osteoporotic fractures and without fractures.






3.6 Meta-analysis of the correlation between irisin levels and the BMD

11 studies on postmenopausal women and 1 study on young women reported Pearson’s or Spearman’s correlation coefficients between irisin levels and BMD. Using Fisher’s Z transform, we performed a pooled analysis of the correlations between irisin levels and BMD. The meta-analysis generated a summary Fisher’s Z value of 0.40 (95% CI: 0.19 to 0.61, P = 0.0002; I2 = 95%, P < 0.00001), 0.32 (95% CI: 0.19 to 0.45, P < 0.00001; I2 = 84%, P < 0.00001), and 0.33 (95% CI: 0.15 to 0.52, P = 0.0005; I2 = 87%, P < 0.00001) for lumbar, femoral and femoral neck, respectively (Figure 4). Therefore, a summary r value was 0.37 (95% CI: 0.18 to 0.54), 0.30 (95% CI: 0.18 to 0.42), and 0.31 (95% CI: 0.14 to 0.47) for lumbar, femoral, and femoral neck, respectively. This meta-analysis of correlation coefficients revealed a significantly positive relationship between irisin levels and BMD for women.




Figure 4 | Forest plot of meta-analysis of the correlation coefficient between irisin and bone mineral density in the lumbar (A), femoral (B), and femoral neck (C).






3.7 Subgroup analysis of irisin levels in PMOP individuals

Due to the significant heterogeneity of the included studies, subgroup analysis were conducted based on different ages, whether matched for age, BMI, ethnicity, definition of non-OP group, publication language, and ELISA kit to explore potential influencing factors. As evidenced in Table 2, no single factor emerged as a definitive source of heterogeneity by subgroup analysis, and statistical heterogeneity remained high across subgroups. It is worth noting that some subgroup results have changed, losing statistical significance, or showing differences between subgroups as detailed below.


Table 2 | Subgroup analysis and meta-regression of irisin levels in PMOP individuals.





3.7.1 Age

Subgroup analysis based on age (cutoff at 60 years) revealed contrasting findings. Six studies focusing on individuals over 60 showed no significant difference in irisin levels between PMOP and non-PMOP controls (SMD = -0.48, 95% CI: -1.30 to 0.34, P = 0.25; I2 = 96%, P < 0.00001). Conversely, five studies involving participants below 60 years found significantly lower irisin levels in the PMOP group (SMD = -3.18, 95% CI: -4.72 to -1.64, P < 0.0001; I2 = 99%, P < 0.00001), with a notable difference between these age subgroups (P = 0.002).




3.7.2 Matching for age

In studies in which age was matched between OP cases and non-OP controls, significantly decreased irisin levels were observed in the PMOP group (SMD = -1.99, 95% CI: -3.49 to -0.50, P = 0.009; I2 = 99%, P < 0.00001). Similarly, studies without age matching also reported lower irisin levels in the PMOP group (SMD = -1.34, 95% CI: -2.23 to -0.45, P = 0.003; I2 = 97%, P < 0.00001). The results of the two subgroups were not statistically different (P = 0.46).




3.7.3 Body mass index

Because specific BMI values reflect a higher percentage of body fat in some Asian populations than in white or European populations, we used a combination of WHO obesity criteria and WHO-recommended BMI cutoff points for Asians when considering public health actions (46). Participants were categorized into obese (≥ 30 kg/m2 in Caucasian, ≥ 27.5 kg/m2 in Asian) and non-obese (< 30 kg/m2 in Caucasian, < 27.5 kg/m2 in Asian) subgroups. Studies not reporting the BMI values were excluded. As a result, in the non-obese subgroup, seven studies indicated lower irisin levels in PMOP women than in non-PMOP controls (SMD = -2.04, 95% CI: -2.87 to -1.21, P < 0.00001; I2 = 98%, P < 0.00001). In contrast, in the obese subgroup, two studies showed no significant difference in irisin levels (SMD = 0.38, 95% CI: -1.35 to 2.10, P = 0.67; I2 = 98%, P < 0.00001). A significant disparity was observed between the obese and non-obese subgroups (P = 0.01).




3.7.4 Ethnicity

An ethnic comparison revealed that seven studies on Asian participants found significantly lower irisin levels in PMOP women than in non-PMOP controls (SMD = -2.04, 95% CI: -2.88 to -1.20, P < 0.0001; I2 = 97%, P < 0.00001). However, such a difference was not found in four studies on Caucasian subjects (SMD = -0.95, 95% CI: -2.83 to 0.94, P = 0.32; I2 = 99%, P < 0.00001). No substantial variation was found between these ethnic subgroups (P = 0.30).




3.7.5 Definition of non-OP group

Divergent definitions of non-OP controls influenced the outcomes. Among the studies included, eight studies defined osteoporosis as a T-score was less than -2.5 based on WHO criteria. Five studies defining non-OP control as a T-score greater than -1 reported significantly lower irisin levels in PMOP than in non-PMOP control (SMD = -3.16, 95% CI: -5.00 to -1.33, P = 0.0007; I2 = 99%, P < 0.00001). In contrast, three studies defining non-OP control as a T score less than -1 found no significant difference (SMD = -0.33, 95% CI: -2.18 to 1.52, P = 0.73; I2 = 99%, P < 0.00001). It is worth noting that there was a significant difference between the subgroups (P = 0.03).




3.7.6 Language

Irisin levels in PMOP participants were significantly lower in PMOP women than in non-PMOP controls in Chinese-language studies (SMD = -2.12, 95% CI: -3.12 to -1.12, P < 0.0001; I2= 98%, P < 0.00001). Conversely, English-language studies showed no significant difference between the PMOP group and non-PMOP controls (SMD = -1.11, 95% CI: -2.58 to 0.36, P = 0.14; I2 = 99%, P < 0.00001). No marked difference was found between these language-based subgroups (P = 0.26).




3.7.7 ELISA kit

Analysis of two studies using ELISA kits from Phoenix company revealed no significant difference in irisin levels between the PMOP group and non-PMOP controls (SMD = 0.26, 95% CI: -1.71 to 2.22, P = 0.80; I2 = 98%, P < 0.00001). However, pooled results of nine studies using kits from other companies showed lower irisin levels in the PMOP group than in non-PMOP controls (SMD = -2.09, 95% CI: -2.92 to -1.26, P < 0.00001; I2 = 98%, P < 0.00001), indicating significant differences between these kit subgroups (P = 0.03).





3.8 Subgroup analysis of irisin levels in postmenopausal women with osteoporotic fractures

The five included studies were published in English articles and involved participants above 60 years of age. Thus, subgroup analysis based on age and language were not feasible. Therefore, we conducted further subgroup analysis focusing on age matching, BMI, ethnicity, and the type of ELISA kit used, with detailed findings presented in Table 3.


Table 3 | Subgroup analysis and meta-regression of irisin levels in postmenopausal women with osteoporotic fractures.





3.8.1 Matching for age

Four studies with age matching between fracture cases and non-fracture controls revealed decreased irisin levels in postmenopausal women with fractures (SMD = -1.67, 95% CI: -2.66 to -0.69, P < 0.0008; I2 = 97%, P < 0.00001). Contrastingly, one study without age matching indicated elevated irisin levels in fracture cases than controls (SMD = 0.49, 95% CI: 0.01 to 0.98, P = 0.04; I2 = NA, P = NA), highlighting a significant disparity between these subgroups (P = 0.0001).




3.8.2 Body mass index

Three articles provided data on irisin levels in non-obese individuals. The pooled results showed that, in normal-weight individuals, the irisin concentration was significantly lower in fracture cases than in non-fracture controls (SMD = -0.76, 95% CI: -0.90 to -0.62, P < 0.00001; I2 = 99%, P < 0.00001). Meanwhile, in the two studies assessing obese postmenopausal women, the difference in irisin levels between those with fractures and controls was not statistically significant (SMD = -2.23, 95% CI: -7.60 to 3.13, P = 0.41; I2 = 99%, P < 0.00001), with no discernible differences between these subgroups (P = 0.59).




3.8.3 Ethnicity

Our findings indicated lower irisin levels in postmenopausal Asian women with fractures than in non-fracture controls (SMD = -0.79, 95% CI: -0.94 to -0.64, P < 0.00001; I2 = 0%, P = 0.92). However, in Caucasian populations, the difference was not significant (SMD = -1.65, 95% CI: -4.36 to 1.06, P = 0.23; I2 = 99%, P < 0.00001). There were no significant differences observed among the diverse ethnic subgroups (P = 0.53).




3.8.4 ELISA kit

In the subgroup analysis of three studies using Phoenix ELISA kits and two using kits from other companies, we noted that irisin levels were lower in postmenopausal women with fractures than non-fracture controls in the studies utilizing non-Phoenix kits (SMD = -0.74, 95% CI: -0.96 to -0.52, P < 0.00001; I2 = 15%, P = 0.28). Conversely, studies using Phoenix kits did not show a significant difference (SMD = -1.72, 95% CI: -3.94 to 0.49, P = 0.13; I2 = 99%, P < 0.00001). No significant differences were identified among subgroups based on the type of ELISA kit used (P = 0.38).





3.9 Subgroup analysis of the correlation between irisin levels and the BMD

We conducted subgroup analysis of the correlation between irisin levels and the BMD across various factors such as age, ethnicity, publication language, ELISA kit, and menopause status as shown in Table 4.


Table 4 | (A) Subgroup analysis and meta-regression of the correlation of irisin levels and lumbar BMD.




Table 4 | (B) Subgroup analysis and meta-regression of the correlation of irisin levels and femoral BMD.




Table 4 | (C) Subgroup analysis and meta-regression of the correlation of irisin levels and femoral neck BMD.







3.9.1 Age

Subgroup analysis based on age demonstrated that, in the subgroup of participants below 60, the correlation between irisin and femoral BMD was not significant (Fisher’s Z = 0.30, 95% CI: -0.22 to 0.82, P = 0.26; I2 = 91%, P = 0.001). However, significant correlations were observed in other age groups and at different bone sites, as detailed in Table 4.




3.9.2 Ethnicity

The correlation between irisin levels and BMD varied according to ethnicity. The observed correlation between irisin levels and BMD in women was consistent in Asia, but inconsistent for the studies performed in Caucasian populations at the lumbar, femoral, and femoral neck detailed in Table 4.




3.9.3 Language

The correlation between irisin and BMD also varied across studies published in different languages. In English-language publications, irisin was not correlated with BMD for lumbar, and femoral, but was correlated with femoral neck BMD. In contrast, Chinese-language studies indicated a positive correlation between irisin and BMD at all measured sites as shown in Table 4.




3.9.4 ELISA kit

Subgroups based on the type of ELISA kit used, whether a Phoenix or non-Phoenix brand, consistently showed a correlation between irisin and BMD at the lumbar, femoral, and femoral neck sites.




3.9.5 Menopause status

When the comparison was stratified by menopause status, in the postmenopausal group, irisin level were positively correlated with BMD for the lumbar, femoral, and femoral neck. However, irisin levels were not correlated with BMD in the premenopausal group, with significant differences between premenopausal and postmenopausal subgroups at the femoral (P < 0.05) and femoral neck (P < 0.02) sites.





3.10 Meta-regression analysis

Given the high level of heterogeneity in our meta-analysis (I2 > 50%), we explored the possible sources of heterogeneity using meta-regression. The meta-regression models identified the age separated by 60 years (R² = 30.16%, P = 0.050) as a significant moderator in the relationship between irisin levels and OP (Table 2). Other potential confounding factors, including age matching for cases and controls, obesity status, ethnicity, control group definition, the language of publication, and ELISA kit type, did not significantly influence the association between irisin levels and OP (all P values > 0.1, Table 2). In the context of the relationship between irisin and fractures, meta-regression analysis indicated that factors such as age matching, BMI, ethnicity, and ELISA kit type did not contribute to the observed heterogeneity (Table 3). Meta-regression of the correlation of irisin levels and BMD showed that age was a significant moderator (R² = 41.99%, P = 0.049) for the correlation of irisin levels and lumbar BMD. Additionally, both ethnicity (R² = 41.00%, P = 0.068) and language (R² = 33.88%, P = 0.083) were significant moderators for the correlation between irisin levels and femoral BMD. Furthermore, publication language also played a significant moderating role in the correlation between irisin levels and femoral neck BMD (R² = 65.44%, P = 0.051), as shown in Table 4.




3.11 Assessment of publication bias and sensitivity analysis

A funnel plot was drawn to evaluate the publication bias of studies investigating the association between irisin levels and PMOP. The funnel plot exhibited a symmetrical shape (Supplementary Figure 1). The results of the Begg’s test (P = 0.087) and the Egger’s test (P = 0.176) showed no statistical significance. The trim and fill results suggested that one study was missing. After imputing the missing study, the mean overall effect size was SMD = -1.99, 95% CI: -2.94 to -1.04, P = 0.000. Taken together, these analyses suggested that there was no publication bias among included studies in the analysis of irisin levels in postmenopausal women with OP. For the outcome of irisin levels in postmenopausal women with fracture, the results of Begg’s test (P = 0.806) and Egger’s test (P = 0.558) indicated no publication bias. Similarly, no significant publication bias was found for the correlation between irisin and lumbar BMD (Begg’s test P = 0.754, Egger’s test P = 0.606), or femoral neck BMD (Begg’s test P = 1.0, Egger’s test P = 0.756). However, significant publication bias was detected in studies examining the correlation between irisin and femoral BMD (Begg’s test P = 0.174, Egger’s test P = 0.023).

Results of sensitivity analysis confirmed the robustness of the pooled result that PMOP had significantly lower irisin levels than controls (Supplementary Table 2A). For postmenopausal women with fractures, the sensitivity analysis revealed a notable alteration when omitting Liu, Yan, and Anastasilakis’ study at one time (Supplementary Table 2B), suggesting that the pooled test could be influenced by a single study. Therefore, the conclusion should be interpreted carefully and further tested. Sensitivity analysis of the correlation between irisin levels and the BMD confirmed the robustness of the pooled results (Supplementary Table 2C).




3.12 Assessment of evidence quality

The quality of the evidence was assessed using the GRADE framework. The evidence for decreased irisin levels in PMOP was rated as “very low.” Similarly, the quality of evidence for decreased irisin levels in women with fractures was also rated as “very low.” Furthermore, the association between irisin and BMD was supported by “very-low” quality evidence. The most common reason for downgrading the quality of each outcome was inconsistency due to high heterogeneity (I2 > 50%). In addition, the quality of evidence for the association between irisin and femoral neck BMD was downgraded due to reporting bias, as indicated by a P value of less than 0.05 for Egger’s test. A summary of the GRADE assessments of each outcome was shown in the Supplementary File Table 3.





4 Discussion

Osteoporosis is a common chronic disorder with high morbidity, significantly impacting the quality of life. Physical exercise is widely recognized for its beneficial effects on bone health, enhancing bone formation, and improving BMD through both direct mechanical forces and indirect neurohormonal mechanisms (47, 48). Among these mechanisms, muscle contractions during physical activity stimulate the production of irisin, a myokine that plays a crucial role in bone metabolism (49, 50). Irisin promotes osteoblast differentiation and activity while inhibiting osteoclastogenesis, which leads to increased bone formation and mineral density (51). This dual action establishes a biological link between muscle activity and improved bone strength. The upregulation of irisin in response to exercise highlights its therapeutic potential in the prevention and management of osteoporosis and other bone-related disorders.

However, the relationship between circulating irisin levels and OP/fractures remains conflict. To clarify this relationship, we conducted this meta-analysis and detailed subgroup analysis including 15 studies with a total of 2856 female participants evaluating circulating irisin levels. Our results revealed that postmenopausal women with OP exhibited significantly lower irisin levels than their non-PMOP counterparts. A similar trend was observed in postmenopausal women with a history of fractures. Notably, a positive correlation was identified between circulating irisin levels and BMD in postmenopausal women.

The outcomes of our meta-analysis supported the hypothesis that irisin could serve as a protective biomarker for bone health, especially in postmenopausal women. This was consistent with numerous experimental studies exploring irisin’s role in bone homeostasis. The potential beneficial effect of irisin on bone was based on the mechanism of its osteogenic function. Irisin has been shown to promote osteogenesis of bone marrow mesenchymal stem cells (52) and to enhance osteoblast precursors differentiation and proliferation through activating the p38 mitogen-activated protein kinase (MAPK)/extracellular signal-regulating kinase (ERK) pathway (53). Additionally, irisin inhibited RANKL-stimulated osteoclast activation by suppressing NF-kB signaling (54). Moreover, irisin regulates bone formation relative to the mechanisms of cell death, including apoptosis, autophagy, pyroptosis, and ferroptosis (55). Clinical studies across diverse populations, including rheumatoid arthritis patients and older adults, have further validated irisin’s regulatory role in bone remodeling (11, 56).

While our findings were roughly consistent with the previous Zhou’s meta-analysis (24), our study offered a more focused examination of postmenopausal and young women and was the first to analyze whether menopause status influenced the relationship between irisin and BMD. By performing subgroup analysis of potential confounding factors, we identified the specific circumstances under which irisin could be a suitable biomarker for OP. Additionally, our study included a larger sample size with more articles included, providing a greater level of detail. Furthermore, the use of SMD as the effect size eliminated differences in units of measurement across various kits used in different studies. Therefore, our analysis reinforced the data quality and reliability compared to the previous meta-analysis and was more specific for women.

Notably, our meta-analysis exhibited significant heterogeneity across outcomes. To address the heterogeneity, in addition to using the random effect model for meta-analysis, we also conducted multiple subgroup analysis and meta-regression. Meanwhile, the results of sensitivity analysis and publication bias analysis proved the robustness of our results. Importantly, our results revealed that in specific subgroups, such as in postmenopausal women under 60 years of age, regardless of whether cases and controls were age-matched, of non-obese, of Asian race, with a control group T score greater than -1, using non-Phoenix ELISA kit, irisin levels were consistently lower in postmenopausal individuals with OP than in non-OP controls. These findings suggested a potential application of irisin as a biomarker within these specific contexts.

The subgroup analysis did not identify any subgroup factors as a source of heterogeneity. However, meta-regression analysis revealed that age significantly moderated the relationship between irisin levels and OP as well as the correlation between irisin levels and lumbar BMD. Additionally, ethnicity and language appeared to influence the correlation between irisin levels and femoral BMD. Furthermore, language also had a remarkable influence on the correlation between irisin levels and femoral neck BMD. The results of the meta-regression analysis suggested that the above factors may be the source of heterogeneity. According to the Cochrane Handbook, it is possible that the effect of a characteristic may not always be identified using subgroup analysis or meta-regression due to the substantial variability in the characteristics of participants across studies, while subgroup analysis and meta-regression are limited to summarizing data at the level of the study. The heterogeneity might be attributed to other variations in clinical features of the study populations such as metabolic status, body composition, hormone levels, and lifestyle factors. However, due to the lack of data in the literature, we could not analyze these potential confounders. Future studies should aim to expand the sample size, enhance the representation of the population, and select reliable detection methods to address the heterogeneity.

Subgroup analysis and meta-regression were conducted with a 60-year age threshold, as menopause typically begins around age 51, and the International Menopause Society recommends hormone therapy for fracture prevention between ages 50–60 or within 10 years after menopause (57). Thus, early detection and treatment of osteoporosis before the age of 60 are particularly crucial. Our findings implied that irisin may be a sensitive marker of bone mass loss in the early menopause stage but not in the late menopause stage. The results of the meta-regression confirmed that age separated by sixty years was an influential factor in the relationship between irisin and osteoporosis. One possible explanation is that bone loss accelerates during the late stage of menopausal transition and continues for the next two decades (58). Consequently, early menopause at the age of 50–60 has a rapid and significant change in bone mass and is an essential period for the detection of bone loss and the prompt diagnosis of osteoporosis. Conversely, in the late postmenopausal stage (more than 10 years), age-related skeletal muscle loss is prevalent in the elderly (18). It is possible that aging and muscle atrophy may decrease irisin levels, potentially reducing the disparity in irisin levels in those with and without osteoporosis (59). To further explore the relationship between irisin and age, we conducted a meta-analysis of correlation coefficients between irisin and age in the included studies. The results revealed a summary r value of -0.18 (95% CI: -0.27 to -0.08), indicating a negative correlation between irisin and age (Supplementary Figures 2-3). Therefore, age may be a confounding factor for irisin levels. Further studies with diverse age groups and comparable ages between cases and controls are needed in the future.

Our study also highlighted the potential influence of menopause and sex hormone levels on the relationship between irisin and bone health. Several studies reported that the case groups had undergone menopause for a longer duration than the controls (13, 41). This discrepancy could result in lower estrogen levels and higher FSH levels, potentially contributing to osteoporosis. Previous research indicated that estradiol levels in healthy women were positively correlated with circulating irisin levels, suggesting that estradiol might modulate the relationship between irisin and OP (60). Although Colaianni et al. found that irisin serum levels positively correlate with bone mineral status in healthy children (61), our results on young women indicated no significant correlation between irisin and BMD. This finding could be attributed to the younger age when peak BMD had not yet been achieved. Puberty, a critical period for substantial bone growth, is highly influenced by external factors such as diet, physical activity, lifestyle, and medication (62). Additionally, hormones like estrogen may have stimulated bone formation in puberty (63). However, only six included studies reported the average age at menopause or the duration since menopause, and none reported sex hormone levels. This lack of data prevented us from analyzing these factors. Consequently, the utility of irisin as a biomarker appears to be more applicable in the postmenopausal population, where the impact of menopause on bone health is clearer. Further detailed studies on hormone levels are necessary to understand the relationship between irisin levels and bone health in premenopausal women, as well as in puberty and children populations, considering the complexities of hormonal influences and the transformation of bone health during these phases.

In the subgroup analysis based on BMI, no significant difference in irisin levels was observed between PMOP patients and non-PMOP controls among obese participants. A potential explanation was that irisin levels were negatively correlated with BMI, resulting in decreased irisin levels in obese populations (64, 65). However, current research on irisin concentrations and adiposity parameters remains controversial. Some studies have reported higher irisin levels in obese individuals compared to non-obese individuals (66, 67). Several factors may contribute to the observed discrepancies, such as decreased irisin sensitivity in white adipose tissue (WAT) or the potential dysfunction of irisin receptors. Consequently, our study suggested that irisin might serve as a predictor of osteoporosis primarily in non-obese populations. Further research with larger sample sizes and controls for relevant confounding factors is required to investigate the role of obesity in the relationship between irisin and osteoporosis.

Furthermore, our analysis revealed subtle variations in the decrease of irisin levels among postmenopausal women from different ethnic backgrounds. This variation could potentially be attributed to FNDC5 gene polymorphism among the diverse ethnic groups. Cetina et al. discovered an association between the rs3480 polymorphism of the FNDC5 gene and the risk of osteopenia at the total femoral and femoral neck in postmenopausal Mayan-Mestizo women (68). However, the scarcity of comprehensive genetic studies across various ethnicities underscores the need for further research in this area. Additionally, our study also found that the included Caucasian participants had higher BMIs than Asians, implying a potential interplay between BMI and ethnicity in influencing irisin levels.

Our meta-analysis also highlighted the impact of diverse definitions of OP and control groups used in the studies. While most of the included studies had a uniform standard for osteoporosis, defined as a T score below -2.5, the definition of the control group varied. Specifically, when control groups were defined as having a T-score below -1, this broader criterion led to a larger number of participants with lower BMD in the control group. This criterion reduced the overall T-score difference between the control and OP groups, potentially diminishing the diagnostic effectiveness of irisin as a biomarker. This observation emphasized the importance of establishing more consistent criteria in future research to elucidate the relationship between irisin levels and BMD more accurately.

Variations in publication language also presented differing outcomes regarding irisin levels, with the Chinese-language article showing decreased irisin levels in PMOP populations, whereas the English-language articles showed no significant differences. This disparity could be due to the inclusion of Asian populations in Chinese-language articles. In contrast, English-language studies encompassed a more diverse sample, including both Asian and Caucasian subjects. Despite these differences, the results of publication bias and sensitivity analysis demonstrated that there was no publication bias and the robustness of the pooled results. However, the results of the correlation between irisin and femoral BMD should be interpreted with caution because of potential publication bias. Consequently, future studies with larger sample sizes and inclusive of different populations are needed to enhance the applicability of irisin as a biomarker.

Another potential source of heterogeneity in our meta-analysis was the variety of irisin detection methods used. At least seven types of commercial ELISA kits were used, each with varying detection range and accuracy. At present, there is no uniform standard for detecting irisin, and some studies have raised concerns about the lack of required specificity of antibodies in existing commercial ELISA kits. Albrecht has advocated for the use of quantitative mass spectrometry with labeled peptides for more precise irisin quantification (69). Although this method is advanced, it requires multi-step sample preparation that may introduce uncontrollable variations in measurements. Despite the subgroup analysis did not identify specific ELISA kits as a source of heterogeneity, the discrepancies in the kits utilized in different studies represent a significant methodological heterogeneity that cannot be overlooked. Future research should focus on employing more reliable methodologies to accurately assess irisin levels and to reduce methodological heterogeneity between studies, thereby enhancing the reliability of the studies.

The inclusion of Chinese literature in this meta-analysis may raise concerns about the limited accessibility of these publications. In recent years, there has been a notable increase in research on irisin and bone health published in Chinese. However, these papers are not easily accessible to non-Chinese readers due to language barriers. Despite these challenges, it is a common practice to include Chinese articles in systematic reviews and meta-analysis. The inclusion of Chinese literature facilitates the understanding of a clinical issue at the global level. To improve the accessibility of Chinese literature, we have provided links to the Chinese databases and a detailed search strategy (Supplementary File 1). This approach could enhance the reproducibility of our systematic review. Furthermore, we have thoroughly reviewed and extracted the features and key data from the included literature in our study.

This systematic review and meta-analysis have several advantages. Firstly, we conducted a comprehensive search of both English and Chinese literature, ensuring a broad capture of available data and minimizing the risk of language bias. Furthermore, the enhanced cultural and geographic diversity of the data contributes to the global applicability of our findings. Secondly, our study included both postmenopausal and premenopausal populations, allowing for a more detailed analysis of menopausal status and its impact on the relationship between irisin and BMD. This approach ensures that our results are applicable to a broader demographic, providing insights into how irisin may be utilized in preventive strategies and treatments for osteoporosis at different stages of a woman’s life. Thirdly, we performed an extensive set of subgroup and meta-regression analysis to elucidate the heterogeneity of included studies. Finally, despite the significant heterogeneity in our findings, the quality of the included studies ranged from moderate to high, enhancing the overall reliability of our analyses. We also evaluated the quality of evidence for each outcome using the well-recognized GRADE scale.

Despite the novelty of our findings, this study has several limitations. First, the high heterogeneity within each subgroup suggested the presence of unknown factors that could contribute to the heterogeneity, such as the metabolic status, body composition, hormone levels, and lifestyle factors of the different populations studied. This significant heterogeneity led to serious inconsistency in the evidence quality assessment according to the GRADE guidelines, resulting in a very low-quality rating for each evidence. Therefore, the results of the present study should be interpreted with caution. Additionally, the impact of reduced physical activity and muscle mass following osteoporotic fractures on irisin levels merited consideration. The lack of prospective studies limited our ability to establish causality in the irisin-OP relationship. Moreover, the limited literature focusing on premenopausal women and the scarcity of detailed data on sex hormone levels in the included studies posed challenges in fully understanding the impact of sex hormones on the relationship between irisin levels and BMD.




5 Conclusion

In summary, our meta-analysis suggested that lower circulating irisin levels were associated with OP and fractures in postmenopausal women, with a positive correlation to BMD. These findings suggested the potential utility of circulating irisin levels as a biomarker for osteoporosis. However, due to the very low quality of the evidence, these results should be interpreted with caution. The incorporation of irisin assessment into routine clinical practice or combining irisin measurements with other diagnostic tools could improve early diagnosis and intervention strategies. This integration could lead to the development of individualized treatment plans to prevent or mitigate bone loss in populations at risk.

Further longitudinal studies and randomized controlled trials (RCTs) are necessary to validate the relationship between irisin levels and osteoporosis. Longitudinal studies would provide insight into the temporal relationship and causality between changes in irisin levels and bone density over time. RCTs could evaluate the efficacy of interventions aimed at modifying irisin levels, such as physical exercise or pharmacological treatments, in the prevention or treatment of osteoporosis. Additionally, studies investigating the molecular mechanisms by which irisin influences bone metabolism would further clarify its role and potential as a therapeutic target.





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 author.





Author contributions

XS: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing, Visualization. YC: Investigation, Supervision, Writing – original draft, Writing – review & editing, Data curation. JZ: Methodology, Supervision, Writing – original draft, Writing – review & editing. MY: Data curation, Methodology, Writing – original draft, Writing – review & editing, Investigation. LH: Methodology, Writing – original draft, Writing – review & editing, Data curation. JL: Data curation, Writing – original draft, Writing – review & editing. LX: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This project was supported by the Scientific Research Projects of The National Natural Science Fund (81671421, 81971354) and the Scientific Research Project on Cadre Health Care in Sichuan Province (ZH2021–1701). The funding source had no role in the design of this study and will not have any role during its execution, analyses, interpretation of the data, or decision to submit the results.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1388717/full#supplementary-material




References

1. Kanis, JA, Cooper, C, Rizzoli, R, and Reginster, JY. European guidance for the diagnosis and management of osteoporosis in postmenopausal women. Osteoporos Int. (2019) 30:3–44. doi: 10.1007/s00198-018-4704-5

2. Black, DM, and Rosen, CJ. Clinical practice. Postmenopausal osteoporosis. N Engl J Med. (2016) 374:254–62. doi: 10.1056/NEJMcp1513724

3. Shen, Y, Huang, X, Wu, J, Lin, X, Zhou, X, Zhu, Z, et al. The global burden of osteoporosis, low bone mass, and its related fracture in 204 countries and territories, 1990-2019. Front Endocrinol (Lausanne). (2022) 13:882241. doi: 10.3389/fendo.2022.882241

4. Kanis, JA, Norton, N, Harvey, NC, Jacobson, T, Johansson, H, Lorentzon, M, et al. SCOPE 2021: a new scorecard for osteoporosis in Europe. Arch Osteoporos. (2021) 16:82. doi: 10.1007/s11657-020-00871-9

5. Eastell, R, and Szulc, P. Use of bone turnover markers in postmenopausal osteoporosis. Lancet Diabetes Endocrinol. (2017) 5:908–23. doi: 10.1016/S2213-8587(17)30184-5

6. Vasikaran, SD, Miura, M, Pikner, R, Bhattoa, HP, and Cavalier, E. Practical considerations for the clinical application of bone turnover markers in osteoporosis. Calcif Tissue Int. (2023) 112:148–57. doi: 10.1007/s00223-021-00930-4

7. Boström, P, Wu, J, Jedrychowski, MP, Korde, A, Ye, L, Lo, JC, et al. A PGC1-α-dependent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature. (2012) 481:463–8. doi: 10.1038/nature10777

8. Aydin, S, Kuloglu, T, Aydin, S, Kalayci, M, Yilmaz, M, Cakmak, T, et al. A comprehensive immunohistochemical examination of the distribution of the fat-burning protein irisin in biological tissues. Peptides. (2014) 61:130–6. doi: 10.1016/j.peptides.2014.09.014

9. Zhu, H, Liu, D, Sui, M, Zhou, M, Wang, B, Qi, Q, et al. CRISPRa-based activation of Fgf21 and Fndc5 ameliorates obesity by promoting adipocytes browning. Clin Transl Med. (2023) 13:e1326. doi: 10.1002/ctm2.1326

10. Guo, M, Yao, J, Li, J, Zhang, J, Wang, D, Zuo, H, et al. Irisin ameliorates age-associated sarcopenia and metabolic dysfunction. J Cachexia Sarcopenia Muscle. (2023) 14:391–405. doi: 10.1002/jcsm.13141

11. Colaianni, G, Errede, M, Sanesi, L, Notarnicola, A, Celi, M, Zerlotin, R, et al. Irisin correlates positively with BMD in a cohort of older adult patients and downregulates the senescent marker p21 in osteoblasts. J Bone Miner Res. (2021) 36:305–14. doi: 10.1002/jbmr.4192

12. Badr Roomi, A, Nori, W, and Mokram Hamed, R. Lower serum irisin levels are associated with increased osteoporosis and oxidative stress in postmenopausal. Rep Biochem Mol Biol. (2021) 10:13–9. doi: 10.52547/rbmb.10.1.13

13. Liu, K, Jing, P, Liu, Z, Wang, Y, Han, Z, Wang, Y, et al. Serum levels of irisin in postmenopausal women with osteoporotic hip fractures. Cytokine. (2021) 148:155708. doi: 10.1016/j.cyto.2021.155708

14. Yan, J, Liu, HJ, Guo, WC, and Yang, J. Low serum concentrations of Irisin are associated with increased risk of hip fracture in Chinese older women. Joint Bone Spine. (2018) 85:353–8. doi: 10.1016/j.jbspin.2017.03.011

15. Colaianni, G, Cuscito, C, Mongelli, T, Pignataro, P, Buccoliero, C, Liu, P, et al. The myokine irisin increases cortical bone mass. Proc Natl Acad Sci USA. (2015) 112:12157–62. doi: 10.1073/pnas.1516622112

16. Luo, Y, Ma, Y, Qiao, X, Zeng, R, Cheng, R, Nie, Y, et al. Irisin ameliorates bone loss in ovariectomized mice. Climacteric. (2020) 23:496–504. doi: 10.1080/13697137.2020.1745768

17. Lobo, RA, and Gompel, A. Management of menopause: a view towards prevention. Lancet Diabetes Endocrinol. (2022) 10:457–70. doi: 10.1016/S2213-8587(21)00269-2

18. Park, HS, Kim, HC, Zhang, D, Yeom, H, and Lim, SK. The novel myokine irisin: clinical implications and potential role as a biomarker for sarcopenia in postmenopausal women. Endocrine. (2019) 64:341–8. doi: 10.1007/s12020-018-1814-y

19. Alsaawi, TA, Aldisi, D, Abulmeaty, M, Khattak, M, Alnaami, AM, Sabico, S, et al. Screening for sarcopenia among elderly arab females: influence of body composition, lifestyle, irisin, and vitamin D. Nutrients. (2022) 14:1855. doi: 10.3390/nu14091855

20. Anastasilakis, AD, Polyzos, SA, Kitridis, D, Makras, P, Yavropoulou, MP, Palermo, A, et al. Irisin levels in postmenopausal women with an incident hip fracture. Endocrine. (2021) 73:719–22. doi: 10.1007/s12020-021-02738-6

21. Wu, LF, Zhu, DC, Tang, CH, Ge, B, Shi, J, Wang, BH, et al. Association of plasma irisin with bone mineral density in a large Chinese population using an extreme sampling design. Calcif Tissue Int. (2018) 103:246–51. doi: 10.1007/s00223-018-0415-3

22. Maïmoun, L, Mariano-Goulart, D, Huguet, H, Renard, E, Lefebvre, P, Picot, MC, et al. In patients with anorexia nervosa, myokine levels are altered but are not associated with bone mineral density loss and bone turnover alteration. Endocr Connect. (2022) 11:e210488. doi: 10.1530/EC-21-0488

23. Singhal, V, Lawson, EA, Ackerman, KE, Fazeli, PK, Clarke, H, Lee, H, et al. Irisin levels are lower in young amenorrheic athletes compared with eumenorrheic athletes and non-athletes and are associated with bone density and strength estimates. PloS One. (2014) 9:e100218. doi: 10.1371/journal.pone.0100218

24. Zhou, K, Qiao, X, Cai, Y, Li, A, and Shan, D. Lower circulating irisin in middle-aged and older adults with osteoporosis: a systematic review and meta-analysis. Menopause. (2019) 26:1302–10. doi: 10.1097/GME.0000000000001388

25. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD, et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Int J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

26. Wells BS, G, O’Connell JP, D, Welch ML, V, and Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. Available online at: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (Accessed 30 November 2023).

27. Luchini, C, Veronese, N, Nottegar, A, Shin, JI, Gentile, G, Granziol, U, et al. Assessing the quality of studies in meta-research: Review/guidelines on the most important quality assessment tools. Pharm Stat. (2021) 20:185–95. doi: 10.1002/pst.2068

28. Guyatt, G, Oxman, AD, Akl, EA, Kunz, R, Vist, G, Brozek, J, et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. (2011) 64:383–94. doi: 10.1016/j.jclinepi.2010.04.026

29. Higgins, JP, Thompson, SG, Deeks, JJ, and Altman, DG. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

30. Borenstein, M, Hedges, LV, Higgins, JP, and Rothstein, HR. A basic introduction to fixed-effect and random-effects models for meta-analysis. Res Synth Methods. (2010) 1:97–111. doi: 10.1002/jrsm.12

31. Shu, L, Fu, Y, and Sun, H. The association between common serum adipokines levels and postmenopausal osteoporosis: A meta-analysis. J Cell Mol Med. (2022) 26:4333–42. doi: 10.1111/jcmm.17457

32. Li, X, and He, J. The association between serum/plasma leptin levels and obstructive sleep apnea syndrome: A meta-analysis and meta-regression. Front Endocrinol (Lausanne). (2021) 12:696418. doi: 10.3389/fendo.2021.696418

33. Egger, M, Davey Smith, G, Schneider, M, and Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

34. Duval, S, and Tweedie, R. Trim and fill: A simple funnel-plot-based method of testing and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56:455–63. doi: 10.1111/j.0006-341X.2000.00455.x

35. Banerjee, M, Pal, R, Maisnam, I, Chowdhury, S, and Mukhopadhyay, S. Serum uric acid lowering and effects of sodium-glucose cotransporter-2 inhibitors on gout: A meta-analysis and meta-regression of randomized controlled trials. Diabetes Obes Metab. (2023) 25:2697–703. doi: 10.1111/dom.15157

36. Marty, R, Paul, G, and Sarah, D. Interpretation of subgroup analyses in systematic reviews: A tutorial. Clin Epidemiol Glob Health. (2019), 192–8. doi: 10.1016/j.cegh.2018.05.005

37. Zhu, H, and Xu, Y. The correlation between serum Irisin and 25 hydroxyvitamin D [25 (OH)D] levels and bone metabolism, bone mineral density (BMD), and osteoporosis in postmenopausal women. Chin J Convalescent Med. (2022) 31:27–31. doi: 10.13517/j.cnki.ccm.2022.01.006

38. Zhou, T, Zhang, B, and Zhu, P. Expression and clinical significance of serum Irisin, 4D homodimer, and bone morphogenetic protein 6 in patients with postmenopausal osteoporosis. Hainan Med J. (2022) 33:2215–8. doi: 10.3969/j.issn.1003-6350.2022.17.010

39. Zhang, Z, Luo, L, Wang, Z, Fan, S, Yang, Y, and Li, Q. An irisin level analysis of postmenopausal patients with type 2 diabetes mellitus. Chin J Osteoporos. (2020) 26:1098–102. doi: 10.3969/j.issn.1006-7108.2020.08.002

40. Shi, C, Li, X, and Liu, L. Correlation between serum irisin and bone mineral density and bone metabolism in postmenopausal women. Chin J Osteoporos. (2019) 25:1125–8. doi: 10.3969/j.issn.1006-7108.2019.08.014

41. Duan, X, and Qin, G. Expression and significance of serum CXC chemokine ligands 8 and 10 and Irisin protein in postmenopausal women with type 2 diabetes mellitus. Chin J Gerontology. (2019) 39:1315–7. doi: 10.3969/j.issn.1005-9202.2019.06.013

42. Liang, L. The associations of serum levels of irisin and FGF21 with body composition and bone mineral density in postmenopausal women with type 2 diabetes mellitus. Shandong Province, China: Shandong University (2017). [master’s thesis].

43. Engin-Üstün, Y, Çağlayan, EK, Göçmen, AY, and Polat, MF. Postmenopausal osteoporosis is associated with serum chemerin and irisin but not with apolipoprotein M levels. J Menopausal Med. (2016) 22:76–9. doi: 10.6118/jmm.2016.22.2.76

44. Palermo, A, Strollo, R, Maddaloni, E, Tuccinardi, D, D'Onofrio, L, Briganti, SI, et al. Irisin is associated with osteoporotic fractures independently of bone mineral density, body composition or daily physical activity. Clin Endocrinol (Oxf). (2015) 82:615–9. doi: 10.1111/cen.12672

45. Anastasilakis, AD, Polyzos, SA, Makras, P, Gkiomisi, A, Bisbinas, I, Katsarou, A, et al. Circulating irisin is associated with osteoporotic fractures in postmenopausal women with low bone mass but is not affected by either teriparatide or denosumab treatment for 3 months. Osteoporos Int. (2014) 25:1633–42. doi: 10.1007/s00198-014-2673-x

46. WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet. (2004) 363:157–63. doi: 10.1016/S0140-6736(03)15268-3

47. Cauley, JA, and Giangregorio, L. Physical activity and skeletal health in adults. Lancet Diabetes Endocrinol. (2020) 8:150–62. doi: 10.1016/S2213-8587(19)30351-1

48. Kemmler, W, Shojaa, M, Kohl, M, and von Stengel, S. Effects of different types of exercise on bone mineral density in postmenopausal women: A systematic review and meta-analysis. Calcif Tissue Int. (2020) 107:409–39. doi: 10.1007/s00223-020-00744-w

49. Archundia-Herrera, C, Macias-Cervantes, M, Ruiz-Muñoz, B, Vargas-Ortiz, K, Kornhauser, C, and Perez-Vazquez, V. Muscle irisin response to aerobic vs HIIT in overweight female adolescents. Diabetol Metab Syndr. (2017) 9:101. doi: 10.1186/s13098-017-0302-5

50. Liu, L, Guo, J, Chen, X, Tong, X, Xu, J, and Zou, J. The role of irisin in exercise-mediated bone health. Front Cell Dev Biol. (2021) 9:668759. doi: 10.3389/fcell.2021.668759

51. Zhang, H, Wu, X, Liang, J, Kirberger, M, and Chen, N. Irisin, an exercise-induced bioactive peptide beneficial for health promotion during aging process. Ageing Res Rev. (2022) 80:101680. doi: 10.1016/j.arr.2022.101680

52. Xue, Y, Hu, S, Chen, C, He, J, Sun, J, Jin, Y, et al. Myokine Irisin promotes osteogenesis by activating BMP/SMAD signaling via αV integrin and regulates bone mass in mice. Int J Biol Sci. (2022) 18:572–84. doi: 10.7150/ijbs.63505

53. Qiao, X, Nie, Y, Ma, Y, Chen, Y, Cheng, R, Yin, W, et al. Irisin promotes osteoblast proliferation and differentiation via activating the MAP kinase signaling pathways. Sci Rep. (2016) 6:18732. doi: 10.1038/srep18732

54. Ma, Y, Qiao, X, Zeng, R, Cheng, R, Zhang, J, Luo, Y, et al. Irisin promotes proliferation but inhibits differentiation in osteoclast precursor cells. FASEB J. (2018) 32:5813–23. doi: 10.1096/fj.201700983RR

55. Hu, X, Wang, Z, Wang, W, Cui, P, Kong, C, Chen, X, et al. Irisin as an agent for protecting against osteoporosis: A review of the current mechanisms and pathways. J Adv Res. (2023) S2090-1232:00237–0. doi: 10.1016/j.jare.2023.09.001

56. Gamez-Nava, JI, Ramirez-Villafaña, M, Cons-Molina, F, Gomez-Ramirez, EE, Esparza-Guerrero, Y, Saldaña-Cruz, AM, et al. Serum irisin concentrations and osteoporotic vertebral fractures in women with rheumatoid arthritis: A cross-sectional study. Med (Baltimore). (2022) 101:e28799. doi: 10.1097/MD.0000000000028799

57. Baber, RJ, Panay, N, Fenton, A, and IMS Writing Group. 2016 IMS Recommendations on women's midlife health and menopause hormone therapy. Climacteric. (2016) 19:109–50. doi: 10.3109/13697137.2015.1129166

58. Lizneva, D, Yuen, T, Sun, L, Kim, SM, Atabiekov, I, Munshi, LB, et al. Emerging concepts in the epidemiology, pathophysiology, and clinical care of osteoporosis across the menopausal transition. Matrix Biol. (2018) 71-72:70–81. doi: 10.1016/j.matbio.2018.05.001

59. Kurdiova, T, Balaz, M, Vician, M, Maderova, D, Vlcek, M, Valkovic, L, et al. Effects of obesity, diabetes and exercise on Fndc5 gene expression and irisin release in human skeletal muscle and adipose tissue: in vivo and in vitro studies. J Physiol. (2014) 592:1091–107. doi: 10.1113/jphysiol.2013.264655

60. Huh, JY, Panagiotou, G, Mougios, V, Brinkoetter, M, Vamvini, MT, Schneider, BE, et al. FNDC5 and irisin in humans: I. Predictors of circulating concentrations in serum and plasma and II. mRNA expression and circulating concentrations in response to weight loss and exercise. Metabolism. (2012) 61:1725–38. doi: 10.1016/j.metabol.2012.09.002

61. Colaianni, G, Faienza, MF, Sanesi, L, Brunetti, G, Pignataro, P, Lippo, L, et al. Irisin serum levels are positively correlated with bone mineral status in a population of healthy children. Pediatr Res. (2019) 85:484–8. doi: 10.1038/s41390-019-0278-y

62. Lopes, KG, Rodrigues, EL, da Silva Lopes, MR, do Nascimento, VA, Pott, A, Guimarães, R, et al. Adiposity metabolic consequences for adolescent bone health. Nutrients. (2022) 14:3260. doi: 10.3390/nu14163260

63. Wilson-Barnes, SL, Lanham-New, SA, and Lambert, H. Modifiable risk factors for bone health & fragility fractures. Best Pract Res Clin Rheumatol. (2022) 36:101758. doi: 10.1016/j.berh.2022.101758

64. Almeida González, D, Rodríguez-Pérez, M, Fuentes Ferrer, M, Cuevas Fernández, FJ, Marcelino Rodríguez, I, and Cabrera de León, A. Irisin, in women and men: blood pressure, heart rate, obesity and insulin resistance. Front Endocrinol (Lausanne). (2023) 14:1193110. doi: 10.3389/fendo.2023.1193110

65. Tang, L, Tong, Y, Zhang, F, Chen, G, Zhang, YC, Jobin, J, et al. The association of circulating irisin with metabolic risk factors in Chinese adults: a cross-sectional community-based study. BMC Endocr Disord. (2019) 19:147. doi: 10.1186/s12902-019-0479-8

66. Liu, JJ, Wong, MD, Toy, WC, Tan, CS, Liu, S, Ng, XW, et al. Lower circulating irisin is associated with type 2 diabetes mellitus. J Diabetes Complications. (2013) 27:365–9. doi: 10.1016/j.jdiacomp.2013.03.002

67. Dokumacioglu, E, Iskender, H, Sahin, A, Erturk, EY, and Kaynar, O. Serum levels of nesfatin-1 and irisin in obese children. Eur Cytokine Netw. (2020) 31:39–43. doi: 10.1684/ecn.2020.0444

68. Canto-Cetina, T, Silva-Nicanor, D, Coral-Vázquez, RM, Cano-Martínez, LJ, González Herrera, L, García, S, et al. FNDC5/Irisin polymorphisms are associated with osteopenia in postmenopausal Mayan-Mestizo women. Climacteric. (2022) 25:603–8. doi: 10.1080/13697137.2022.2097866

69. Albrecht, E, Schering, L, Buck, F, Vlach, K, Schober, HC, Drevon, CA, et al. Irisin: Still chasing shadows. Mol Metab. (2020) 34:124–35. doi: 10.1016/j.molmet.2020.01.016




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 Shen, Chen, Zhang, Yang, Huang, Luo and Xu. 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-15-1388717-g004.jpg
fisher's Z fisher's Z

Study or Subgroup  fisher's Z SE Weight V. Random, 95% CI IV. Random, 95% CI
Liang 2017 0.1892 0.0636 11.6% 0.19[0.06, 0.31
Maimoun 2022 0.143 0.1601 9.5% 0.14 [-0.17, 0.46
Palermo 2015 0.0701 0.1204 10.5% 0.07 [-0.17, 0.31
Park 2019 0.1851 0.0816 11.3% 0.19[0.03, 0.35
Roomi 2021 1.1817 0.0762 11.4% 1.18[1.03, 1.33
Yan 2018 0.1934 0.0562 11.7% 0.19[0.08, 0.30
Zhang 2020 0.4948 0.0712 11.5% 0.49[0.36, 0.63]
Zhou 2022 0.5641 0.1072 10.8% 0.56 [0.35, 0.77
Zhu 2022 0.5453 0.0381 11.9% 0.55[0.47, 0.62
Total (95% Cl) 100.0% 0.40 [0.19, 0.61]

Heterogeneity: Tau? = 0.10; Chi? = 161.74, df = 8 (P < 0.00001); I* = 95%
Test for overall effect: Z = 3.73 (P = 0.0002)

-2 -1 0 1 2
Favours [experimental] Favours [control]

B

fisher's Z fisher's Z
Study or Subgroup _ fisher's Z SE Weight IV, Random, 95% CI 1V. Random, 95% CI
Liu 2021 0.4453 0.0484 15.3% 0.45[0.35, 0.54] e
Palermo 2015 0.0832 0.1204 10.7% 0.08 [-0.15, 0.32] N B
Park 2019 0.0842 0.0816 13.3% 0.08 [-0.08, 0.24] T
Shi 2019-Early 0.3907 0.124 10.5% 0.39[0.15, 0.63] .
Shi 2019-Late 0.3977 0.1072 11.6% 0.40[0.19, 0.61] = %
Zhu 2022 0.5453 0.0381 15.7% 0.55[0.47, 0.62] =
Liang 2017 0.385 0.0636 14.4% 0.39[0.26, 0.51] —
Maimoun 2022 0.009 0.1601 8.5% 0.01[-0.30, 0.32] D
Total (95% Cl) 100.0% 0.32[0.19, 0.45] 2
Heterogeneity: Tau? = 0.03; Chi? = 42.83, df = 7 (P < 0.00001); I2 = 84% —_'1—_0'_5—(')—(;5—%—
Test for overall effect: Z =4.77 (P < 0.00001) Favours [experimental] Favours [control]

Cc

fisher's Z fisher's Z
Study or Subgroup _ fisher's Z SE Weight V. Random, 95% CI 1IV. Random, 95% CI
Liang 2017 0.3294 0.0636 18.6% 0.33[0.20, 0.45] s
Maimoun 2022 -0.048 0.1601 12.8% -0.05 [-0.36, 0.27]
Palermo 2015 0.1358 0.1204 15.3% 0.14 [-0.10, 0.37]
Yan 2018 0.2289 0.0562 18.9% 0.23[0.12,0.34] -
Zhang 2020 0.6595 0.0712 18.2% 0.66 [0.52, 0.80] =
Zhou 2022 0.5736 0.1072 16.1% 0.57 [0.36, 0.78] - =&
Total (95% CI) 100.0% 0.33 [0.15, 0.52] e

Heterogeneity: Tau? = 0.04; Chi? = 37.29, df = 5 (P < 0.00001); I* = 87%

Test for overall effect: Z = 3.51 (P = 0.0005) -1 B B o !

Favours [experimental] Favours [control]





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The association between circulating irisin levels and osteoporosis in women: a systematic review and meta-analysis of observational studies

      

        		

          Objective

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Systematic review registration

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Search strategy

          



          		

            2.2 Study eligibility and selection

          



          		

            2.3 Data extraction

          



          		

            2.4 Assessment of the methodological quality and quality of evidence

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Search results

          



          		

            3.2 Study characteristics

          



          		

            3.3 Methodological quality

          



          		

            3.4 Meta-analysis of irisin levels in PMOP individuals

          



          		

            3.5 Meta-analysis of irisin levels in postmenopausal women with fractures

          



          		

            3.6 Meta-analysis of the correlation between irisin levels and the BMD

          



          		

            3.7 Subgroup analysis of irisin levels in PMOP individuals

          

            		

              3.7.1 Age

            



            		

              3.7.2 Matching for age

            



            		

              3.7.3 Body mass index

            



            		

              3.7.4 Ethnicity

            



            		

              3.7.5 Definition of non-OP group

            



            		

              3.7.6 Language

            



            		

              3.7.7 ELISA kit

            



          



          



          		

            3.8 Subgroup analysis of irisin levels in postmenopausal women with osteoporotic fractures

          

            		

              3.8.1 Matching for age

            



            		

              3.8.2 Body mass index

            



            		

              3.8.3 Ethnicity

            



            		

              3.8.4 ELISA kit

            



          



          



          		

            3.9 Subgroup analysis of the correlation between irisin levels and the BMD

          

            		

              3.9.1 Age

            



            		

              3.9.2 Ethnicity

            



            		

              3.9.3 Language

            



            		

              3.9.4 ELISA kit

            



            		

              3.9.5 Menopause status

            



          



          



          		

            3.10 Meta-regression analysis

          



          		

            3.11 Assessment of publication bias and sensitivity analysis

          



          		

            3.12 Assessment of evidence quality

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2024.1388717_cover.jpg
, frontiers | Frontiers in Endocrinology

The association between circulating irisin
levels and osteoporosis in women: a
systematic review and meta-analysis

of observational studies





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1388717-g002.jpg
Osteoporosis Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Random, 95% ClI 1V, Random, 95% ClI
Anastasilakis 2014 49.96 3.69 75 4545 3.33 50 9.2% 1.26 [0.87, 1.65 g
Duan 2019 1.39 0.31 40 1.61 0.57 24 9.1% -0.51[-1.03, 0.00

Engin-Ustiin 2016 0.7 0.2 88 0.8 0.2 88 9.3% -0.50 [-0.80, -0.20 -
Liang 2017 186 120.2 91 2707 159 50 9.3% -0.62 [-0.98, -0.27 et

Liu 2021 527.7 181.6 81 8455 1827 134 9.3% -1.74 [-2.06, -1.42 =
Palermo 2015 688 224 36 799 204 36 9.1% -0.51[-0.98, -0.04

Roomi 2021 20.88 2.71 80 31.84 265 95 9.1% -4.08 [-4.60, -3.55 -

Shi 2019 16.37 8.66 60 244 118 98 9.3% -0.75[-1.08, -0.41 g
Zhang 2020 108.77 16.98 50 209.79 8.64 50 7.9% -7.44 [-8.56, -6.32 —

Zhou 2022 14.37 4.38 90 3192 6.02 50 9.0% -3.47 [-4.01, -2.94 -

Zhu 2022 16.53 4.46 321 2032 452 370 9.4% -0.84 [-1.00, -0.69 =
Total (95% CI) 1012 1045 100.0% -1.66 [-2.43, -0.89] >

Heterogeneity: Tau? = 1.64; Chi? = 516.29, df = 10 (P < 0.00001); I* = 98%
Test for overall effect: Z = 4.22 (P < 0.0001)

-10 -5 0 5 10
Favours [experimental] Favours [control]





OEBPS/Images/table2.jpg
Random-effects model Differences

Number of Heter i 5 -regressis
Subgroup analysis ireildea Number Number Eterogenetty meta-analysis results between subgroups bEtesreoiessiog
Shidies of cases of controls 5 =
5 P value SMD (95% CI) P value F P value Adjusted R“ P value
260 6 393 392 96% <0.00001 48 [-130,034] 025
Age 89.1% 0002 30.16% 0050
<60 5 629 653 9% <0.00001 318 (-472,-164] | <0.0001
Matched 6 420 408 9% <0.00001 199 [-349,-050] | 0009
Age match 0 046 1223% 0789
Not matched | 5 592 637 97% <0.00001 134(-223,045] | 0,003
Non-obese 7 729 788 98% <0.00001 204(-287,-121] | <0.00001
BMI 83.6% 001 971% 0221
Obese 2 163 138 98% <0.00001 038[-135,200] 067
Asian 7 733 776 97% <0.00001 2.04(-288,-1.20] | <0.0001
Ethnicity 74% 030 -425% 0.445
Cavcasian 4 279 269 9% <0.00001 -095(-283,094] | 032
T>1 5 399 333 99% <0.00001 3.16(-500,-1.33] | 00007
Control 78% 003 17.90% 0.166
op Tl 3 192 220 99% <0.00001 -0.33[-218,152] 073
English 5 360 403 99% <0.00001 L11[-258,036] | 014
Language 205% 026 -493% 0.463
Chinese 6 652 612 98% <0.00001 212(-312,-112] | <0.0001
Phoenix 2 135 148 98% <0.00001 026[-171,222] | 080
ELISA kit 784% 003 1377% 0.148

others 9 877 897 98% <0.00001 200 (-292,-1.26] | <0.00001





OEBPS/Images/table4.jpg
Differences

Random-effects model

Heterogeneit: = between Meta-regression
9 Y meta-analysis results subgroups 9
Subgroup analysis <
group Y included
studies 2 p Fisher's Z 2 Adjusted
value Pvalue [ P value P value
(95% Cl) R?
260 1 0% 0.82 0.18 [0.11, 0.25 <0.00001
Age 87.8% 0.004 41.99% 0.049
<60 5 94% <0.00001  0.60 (0.32, 0.88 <0.0001
Asian 6 90% <0.00001  0.36 [0.20, 0.52 <0.0001
Ethnicity | 0% 079 -9.48% 0.643
Caucasian 3 97% <0.00001  0.47 (-0.34, 1.29] 026
English 5 97% <0.00001  0.36 (-0.09, 0.80] 0.11
Language 0% 073 -13.72% 0747
Chinese 1 88% <0.0001 0.44 [0.26, 0.62] <0.00001
Phoenix 2 0% 0.93 0.19 [0.10, 0.28] <0.0001
ELISA kit 75.1% 0.04 0.62% 0355
others 7 95% <0.00001  0.47 [0.21, 0.72 0.0003
postmenopause 8 96% <0.00001  0.43 [0.21, 0.65 0.0002
Menopause 1 53.1% 0.14 -6.16% 0.502
premenopause 1 NA NA 0.14 [-0.17, 0.46] 037

NA, not applicable.





OEBPS/Images/table3.jpg
Heterogeneity Random-effects model Differences Meta-regression

Number of No. No. meta-analysis results between subgroups

Subgroup analysis  included

of cases of control "
studies ? Pvalue  SMD(95%Cl) Pvalue P P value 29)“5‘“ P value
Age Matched 4 437 510 97% <0.00001 -1.67 [-2.66, -0.69] 0.0008
& N 934 0.0001 -326% 0417
s Not match 1 32 37 NA NA 0.49 (001, 0.98] 004
Non-obese 3 411 411 0% 055 -0.76 [-0.90, -0.62] <0.00001
BMI 0% 059 -13.35% 0509
Obese 2 58 136 99% <0.00001 -2.23 [-7.60, 3.13] 041
Asian 2 375 375 0% 092 -0.79 [-0.94, -0.64] <0.00001
Ethnicity 0% 053 -28.06% 0715
Caucasian 3 94 172 99% <0.00001 -1.65 [-4.36, 1.06] 023
Phoenix 3 218 296 99% <0.00001 -1.72 [-3.94, 0.49] 013
ELISA Kit 0% 038 -24.18% 0647
others 2 251 251 15% 028 -0.74 [-0.96, -0.52] | <0.00001

NA, not applicable.





OEBPS/Images/table4c.jpg
Differences

Random-effects model

Heterogeneit: = between Meta-regression
9 Y meta-analysis results subgroups 9
Subgroup analysis :
group Y included
studies 2 p Fisher's Z 2 Adjusted
value P value [ P value P value
(95% Cl) R?
260 3 22% 028 026 (0.16, 0.35 <0.00001
Age 0% 037 5.15% 0.414
<60 3 88% 0.0003 042 (0.07,0.77 0.02
Asian 1 89% <0.00001 0.4 [0.23, 0.65 <0.0001
Ethnicity 85.2% 0.009 42.85% 0.107
Caucasian 2 0% 036 007 [-0.12, 0.26] 047
English 3 31% 024 0.16 (0.02, 0.30 0.02
Language 85.8% 0.008 65.44% 0.051
Chinese 3 84% 0.02 052 (029, 0.74 <0.00001
Phoenix 1 NA NA 023 (0.12,0.34 <0.0001
ELISA kit i 0% 034 -26.61% 0713
others 5 86% <0.00001 035 [0.13, 0.58 0.002
postmenopause 5 87% <0.00001 039 [0.20, 0.58 <0.0001
Menopause 81.7% 0.02 24.85% 0.192
premenopause 1 NA NA -0.05 [-0.36, 0.27] 0.76

NA, not applicable.





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1388717-g001.jpg
Records identified from:
Databases (n = 1213)

Pubmed:209
EUME;?A\eSE;zgg Records removed before

Web of science:446 screening:
WANENAG:172 Duplicate records removed

CNKI:61 (n = 556)
VIP:36
Registers (n =0)

Identification

Records screened Records excluded
(n=637) (n =592)

Reports sought for retrieval Reports not retrieved
(n=65) (n=0)

Reports assessed for eligibility

(n=65) Reports excluded:

Not reporting BMD (n = 25)
Not woman (n = 16)
n

No related results (n = 9)

Studies included in review
(n=15)

Reports of included studies
(n=15)






OEBPS/Images/fendo-15-1388717-g003.jpg
Fracture Control Std. Mean Difference Std. Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight 1V, Random. 95% ClI 1V, Random. 95% CI
Anastasilakis 2014 41.6 2.7 26 51 1.6 99 18.4% -4.98 [-5.74, -4.22] e

Anastasilakis 2021 11.7 0.2 32 116 0.2 37 19.9% 0.49[0.01, 0.98]

Liu 2021 4576 1726 215 6022 1906 215 20.9% -0.79 [-0.99, -0.60] =

Palermo 2015 688 224 36 799 204 36 20.0% -0.51[-0.98, -0.04]

Yan 2018 3615 140 160 4785 1596 160 20.8% -0.78 [-1.00, -0.55] =

Total (95% CI) 469 547 100.0% -1.25 [-2.15, -0.34] <&

Heterogeneity: Tau? = 1.01; Chiz = 145.01, df = 4 (P < 0.00001); 12 = 97% f t f y

o i -10 5 0 5 10
Test for overall effect: Z = 2.70 (P = 0.007) Favours [experimental] Favours [control]





OEBPS/Images/table4b.jpg
Differences

Random-effects model

Heterogeneit: s between Meta-regression
9 Y meta-analysis results subgroups 9
Subgroup analysis <
group Y included
studies 2 p Fisher's Z 2 Adjusted
value P value F P value P value
(95% ClI) R?
260 5 75% 0.001 031 [0.17, 0.44] <0.00001
Age 1 0% 0.98 -17.07% 0.822
<60 2 91% 0.001 030 [-0.22, 0.82] 026
Asian 5 82% <0.0001 0.38 [0.26, 0.51 <0.00001
Ethnicity 87.5% 0.005 41.00% 0.068
Caucasian 2 0% 071 0.06 [-0.13, 0.24] 0.56
English 4 87% <0.0001 0.17 [-0.07, 0.42] 0.17
Language | 762% 0.04 33.88% 0083
Chinese 3 52% 0.10 0.45 [0.35, 0.56 <0.00001
Phoenix 2 73% 0.03 0.28 [0.06, 0.50) 001
ELISA kit 0% 0.62 -13.93% 0.750
others 5 83% <0.0001 0.35 [0.20, 0.49; <0.00001
postmenopause 6 83% <0.00001 035 (0.22, 0.48 <0.00001
Menopause 73.8% 0.05 14.81% 0.202
premenopause 1 NA NA 0.01 [-0.30, 0.32] 0.96

NA, not applicable.





OEBPS/Images/table1.jpg
pean Soc BMI (kg/m?)

(years)
Countr Participants Defiiition b fintion iticl (Mean + SD) Weane S0l ST Outcomes
* P of case of control manufacturer
(case/
n t
orton case  control control
e France ki Addgcentsand. |y NA 2 185542 28225 ovender, ®
@) control study  young women Caech Republic
cross- . 5738 5536 2617 | 2531
Zhu (37) 2022 China etonalstugy | Posmenopausal | NA Na 370321 Y | T e | Na feec)
. cross- 5898 5976 B2 28
Zhou(38) 2022 China onalstugy | Postmenopausal | <25 >1 90/50 T | i |G ELISA, NA @
Postmenopausal
" cross- with and Aviscera
a3) 2021 China ity | ot <25 >15 2157215 687117 BI6Y | BIGH | o | 0200
hip fracture
Demeditec
Roomi (12) 2021 Tragi cros Postmenopausal | <-2.5 >1 80/95 973 ssat NA NA Diagnostic Testing = 0O
sectional study £344 351 it
postmenopausal
postmenopausal | P> TeTR EK-067-29,
Antsadlalds’ | i Greece e Postinengpamal | YOm0 O 32037 07 ess12 72 231y | Phom [}
(0) control study low trauma m +17 £11 Pharmaceuticals,
hip fracture P UsA
osteoarthritis
Postmenopausal . Huiying
Zhang (39) | 2020 China :‘i“al sy | PRients <25 =1 50/50 fz;i 52.0£12 ?.3/;5 i‘;:a Biotechnology, 00
Y with T2MD s ! ! China
EARLY | EARLY'
5848+ | 5488 EK-086-43,
. cross- EARLY' 21/47; | 2.98; 259 Phoenix
Shi (40) 2019 China ectional sudy | Posmenopausal | NA Na ey e i |m NA i O
6760 6230 UsA
£393 395
Postmenopausal
Duan (41) 2019 China iz patients NA NA 4024 68.2(52~82) NA NA Usehviar oo}
sectional sudy | P INC, China
EK-067-29,
Park (18) 2019 Korea cros Postmenopausal | NA NA 153 7220596 2338345 Phoenix =)
sectional study Pharmaceuticals,
UsA
cross-sectional, :’;:'2:’:’:;::1 women with omen " o 203 24 Phoenix
Yan (14) 2018 China case- minimal trauma 160/160 = ass-  @19- Pharmaceuticals, | G0®
minimal trauma without fracture (73-80) | (72-79)
conolsudy I hip fractures 22 20 UsA
o Postmenopausal 55
Lang (1) 2017 China 2 women <25 > 91/50 668 8:7 263429 | Cusabio, China foec)
sectional study +32
with T2MD
Engin- cross- 55 310 Biovendor,
Dy | 2 Turkey octonalsudy | Posmencpausl | <25 1 88/88 sy | @ 0 susas | TER e ®
AG-45A-0046EK-
cross- 656 257 Kio1,
Palermo (44) | 2015 Taly ool sty | Posmenopasal | <25 >25 36036 ver | @oEst DN lasess0 | in fosoc)
Switzerland
Phoenix
Anastasilakds |, Greece cros Postmenopausal | 2.0 52 75050 056 o623 0 312£13  Pharmaceuticals, | ©O
(5) sectional study +15 £11 by

BMI, body mass index; ELISA, enzyme-linked immunosorbent assays T2MD, type 2 diabetes mellitus; NA, not available.
a: Early postmenopausal group (within 10 years after menopause); b: Late postmenopausal group (more than 10 years after menopause).

Outcomes: Glrisin levels in postmenopausal women with o without osteoporosis; Glrisin levels in postmenopausal women with or without fractures; @Correlation coefficient between serumy/plasma risin levels and bone mineral density. @Correlation coefficient between
serum/plasma irisin levels and age.





