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Background: Although muscle strength has been reported to be associated with metabolic syndrome (MetS), the association is still controversial. Therefore, the purpose of this meta-analysis was to identify the association between handgrip strength (HGS) and MetS.

Methods: Original research studies involving HGS and MetS from database inception to 20 May 2022 were selected from PubMed, Web of Science, Embase, China National Knowledge Infrastructure, Wanfang databases, and Chinese Biomedical Document Service System. The odds ratios (ORs) with 95% confidence intervals (CIs) of MetS for HGS were calculated using a random-effects model. A dose–response analysis was performed. Subgroup analysis and meta-regression were also conducted.

Results: Thirty effect sizes (reported in 19 articles) with a total of 43,396 participants were included in this meta-analysis. All studies were considered to be of moderate-to-good quality. An inverse association between HGS (low vs. high) with MetS was shown (OR: 2.59, 95% CI: 2.06−3.25). Subgroup analyses demonstrated the pooled ORs of relative HGS (HGS/weight), relative HGS (HGS/BMI), and absolute HGS were 2.97 (95% CI: 2.37−3.71), 2.47 (95% CI: 1.08−5.63), and 1.34 (95% CI: 1.06−1.68), respectively. Dose–response analysis revealed a significant linear dose–response relationship between relative HGS (HGS/weight) and MetS in observational studies (0.1 HGS/weight: OR, 0.68; 95% CI: 0.62−0.75). Univariate meta-regression analysis indicated that country status, measuring tools of HGS, components of MetS, and diagnosed criteria of MetS explained 16.7%, 26.2%, 30.1%, and 42.3% of the tau-squared in the meta-regression, respectively.

Conclusion: The results of the current meta-analysis indicated that lower HGS is associated with a higher risk of MetS. A linear dose–response association between lower relative HGS (HGS/weight) and increased prevalence of MetS was found. Accordingly, a lower HGS is a significant predictor of MetS.

Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/], identifier [CRD42021276730].
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Introduction

There are a number of definitions of metabolic syndrome (MetS) according to different organizations. National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) defines MetS as having three or more of the following five metabolic risk factors: elevated waist circumference (WC), triglycerides (TG), reduced high-density lipoprotein cholesterol (HDL-C), elevated blood pressure (BP), and elevated fasting blood glucose (FBG) (1). American Heart Association (AHA)/the National Heart, Lung, and Blood Institute (NHLBI) statement maintains the NCEP ATP III criteria except for minor modifications in 2005 (2). According to the International Diabetes Federation (IDF) criteria (3), people with MetS are defined by having central obesity along with two or more of the following abnormalities: (1) elevated TG; (2) reduced HDL cholesterol; (3) elevated BP; (4) elevated fasting plasma glucose (FPG). MetS has become a major health challenge worldwide with the prevalence increasing in concert with obesity and sedentary lifestyles, thus, influencing 10%−40% of the total population (4). MetS is linked to type 2 diabetes, cardiovascular disease, kidney disease, cancer, and mortality (5–7). Considering the rising prevalence of MetS and healthy outcomes, MetS is a major health issue.

High muscle strength is a protective factor for cardiovascular and metabolic health, and decreased muscle strength may increase the risk of chronic diseases in the elderly (8, 9). Muscle strength can be easily measured by handgrip strength (HGS). HGS, a simple, convenient, and economical indicator, can reflect skeletal muscle strength effectively and reliably (10). In addition, HGS can represent skeletal muscle strength in community-dwelling older people (11). Recent epidemiologic studies have been conducted to determine the association between HGS and MetS. However, the results were inconsistent between different kinds of HGS (absolute and relative HGS) and MetS (12, 13). Several studies (12, 14, 15) indicated that there is an inverse association between relative HGS [HGS/body weight or HGS/body mass index (BMI)] and MetS. However, other studies (16, 17) have reported no significant association between absolute HGS and MetS.

The potential mechanisms were as follows: Skeletal muscles, major sites of glucose uptake and deposition (18), can secrete multiple myokines (such as interleukin-15, myostatin, and irisin) (19). Of these myokines, interleukin-15 is involved in the regulation of fat mass (20). Myostatin can inhibit body fat accumulation and improve insulin sensitivity (21–23). A release of irisin from skeletal muscle negatively regulates glucose homeostasis and obesity (24). Insulin resistance (IR) is a reduced biological response of peripheral tissues to insulin (25, 26). IR plays a major role in MetS (27). Obesity was significantly associated with the increased risk of MetS. IR and obesity are important factors of MetS, muscle strength is related to MetS.

For the inconsistent results and the potential mechanisms, we conducted the first meta-analysis of HGS and MetS for the following purposes: (1) to assess the association between HGS and MetS; (2) to evaluate a dose–response pattern of HGS and MetS; and (3) to provide reliable evidence-based medicine for the prevention and treatment of MetS in the population.



Methods

This meta-analysis was reported according to the Preferred Reporting Items for Systematic Review and Meta-Analyses statement (28).

This study was registered at https://www.crd.york.ac.uk/PROSPERO/ as CRD42021276730.


Eligibility criteria

The inclusion criteria were as follows: (1) The definition of MetS is a cluster of metabolic abnormalities, including abdominal obesity, hypertension, elevated FPG, elevated TG, and low HDL-C. MetS was diagnosed according to NCEP ATP III criteria, IDF classification, and AHA criteria or defined by other criteria. (2) The study was published in English or Chinese. (3) The authors analyzed the association between HGS and MetS. (4) an observational study. (5) Evaluation of grip strength was measured by a handheld dynamometer. (6) Participants were ≥18 years of age.

The exclusion criteria were as follows: (1) reports with only abstracts or unpublished results; (2) the types of papers were reviews, secondary analyses, letters, and conferences; (3) duplicated papers from different search sources; (4) duplicated study population (If more than one publication was published on the same population, study with the largest population was selected); (5) the author did not investigate the association between HGS and MetS; (6) unavailable full text; (7) unavailable data [odds ratios (ORs), hazard ratios (HRs) or prevalence rate ratios (PRRs) were not mentioned in the text]; (8) studies reported the separate MetS components (e.g., elevated WC, elevated TG, low HDL-C, elevated BP, and elevated FBG), instead of MetS; and (9) did not report HGS at baseline.



Search strategy

Original research studies from database inception to 20 May 2022 were selected from PubMed, Web of Science, Embase, Chinese National Knowledge Information (CNKI), Wanfang databases, and Chinese Biomedical Document Service System (SinoMed). A PubMed search for studies involving HGS and MetS was conducted without restrictions by combining synonymous or related search terms for HGS and MetS. The keywords used in the PubMed search were converted to search tags for Web of Science and Embase. The detailed search strategy is shown in Supplementary Table 1.



Literature screening and data collection

Two independent researchers (YW and ML) working in pairs screened the titles and abstracts of the initially identified studies to determine if the studies satisfied the selection criteria. Any disagreements were discussed and agreed upon through consensus. The retrieved studies were re-assessed by two independent investigators to ensure that the studies satisfied the inclusion criteria.

Two independent researchers (YW and ML) performed data extraction, relevant data were extracted from each included study using a standardized extraction form. The characteristics included author, year, country, study design, follow-up (years), sample size, age, gender, definition of MetS, HGS measuring tools, HGS measuring position, adjusted variables, and quality score. After extraction, we reviewed the data and compared it interactively. If inconsistent data were detected, we would solve discrepancies by researching and discussing the article. The extracted data results are shown in Table 1.


TABLE 1    Characteristics of observational studies evaluating the association between handgrip strength (HGS) and metabolic syndrome (MetS) in the meta-analysis.
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Quality assessment

Two researchers (YW and ML) independently assessed the quality of each study by the quality assessment tools. An 11-item checklist of the Agency for Healthcare Research and Quality (AHRQ) (29) was used to assess the quality of cross-sectional studies. An item was scored “0” if the item was answered “NO” or “UNCLEAR;” if the item was answered “YES,” then the item scored “1.” Article quality was assessed as follows: low quality = 0−3; moderate quality = 4−7; and high quality = 8−11. The Newcastle-Ottawa Scale (NOS) (30) was used to evaluate the quality of a cohort or case-control study. A total of 9 points from 3 domains were reported for each study [selection, comparability, and ascertainment of exposure(s) or outcome(s)]. No case-control study was identified for this review. Thus, the NOS was performed for cohort studies only.



Statistical analysis

In this meta-analysis, we considered that HRs were approximately equivalent to ORs when the prevalence of the outcome was low (31, 32). In addition, the prevalence rate ratio (PRR) was also assumed approximately equivalent to OR (33). The exponential transformation was used to convert β to OR. Therefore, we combined OR, HR, and PRR. Q-statistics and I2 statistics were calculated to evaluate heterogeneity in these studies. A P-value < 0.05 for Q-statistics and I2 > 50% were regarded to be significant heterogeneity. A random effect model was used to pool ORs for participants due to considerable heterogeneities among studies. Sensitivity analysis was performed to assess the influence of a single study on the overall combined results. Egger’s test was used to evaluate publication bias. To address publication bias, trim-and-fill adjusted analysis (34) was applied. We explored potential heterogeneity in estimates of the treatment effects using univariate meta-regression (35).

This study performed subgroup analyses by gender, country status (developing or developed country according to International Monetary Fund1), study type, age, publication year, the diagnosed criteria of MetS (NCEP ATP III classification, IDF classification, and AHA criteria), HGS-adjusted methods (absolute HGS; HGS/body weight; HGS/BMI), measuring tools of HGS, and components of MetS.

We used the method described by Greenland and Longnecker (36) to conduct a dose–response analysis. The assigned dose was the midpoint of the upper and lower boundaries of each HGS category. The distributions of cases and non-cases for at least three categories of exposure were also collected. A dose–response meta-analysis was performed. And the glst order was applied to carry out the model estimation and draw a linear dose–response association plot. All of the statistical analyses were performed using Stata software (version 11.2; Stata Corp., College Station, TX, United States).




Results


Study selection

Figure 1 indicates the literature search process. Our initial search identified 9,415 papers, 1,686 of which were duplicates, thus, yielding 7,729 articles. After screening, 7,577 articles were excluded because the articles did not meet the inclusion criteria. Of the 152 articles assessed for eligibility, 133 were excluded for the reason that the age of participants in 50 articles was <18 years of age, 1 article was a letter, full texts of 14 articles were unavailable, 32 articles were not in English or Chinese, 10 articles were conferences, 3 articles did not report HGS at baseline, 1 article was a secondary analysis, 17 articles were unavailable data, and 5 articles have duplicated study population. Finally, our meta-analysis included 19 articles.
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FIGURE 1
Flow chart of the literature search and selection process.




Study characteristics

Table 1 shows the study characteristics. Of the 30 studies in 19 articles, 26 (12, 14, 15, 17, 37–50) were cross-sectional studies and 4 (50, 51) were cohort studies. A total of 24 studies in 14 articles (12, 14, 17, 38–43, 47–51) originated from Asia [7 studies in 4 articles (14, 42, 43, 50) from South Korea, 12 studies in 7 articles (12, 38, 39, 47–49, 51) from China, 4 studies in 2 articles (40, 41) from Japan, and 1 study (17) from Singapore], 2 studies in an article (15) from the United States, 2 studies (37, 44) from Australia, 1 study (46) from United Kingdom, and 1 study (45) from Brazil. The total sample size was 43,396 in the 30 studies (reported in 19 articles). The age of the study population was = 18 years.

Jamar [3 studies (44–46)], Takei [16 studies in 9 articles (14, 15, 17, 40, 42, 43, 47, 48, 50)], Smedley [1 study (37)], Camry [1 study (12)], WCS-100 [4 studies in 2 articles (49, 51)], and hydraulic hand dynamometer [1 study (38)] were used to measure HGS. There were 4 studies in 2 articles (39, 41) that did not specify the name of the handgrip dynamometer. HGS measurement positions included standing [13 studies in 8 articles (12, 14, 15, 42, 43, 47, 48, 51)] and seated positions [4 studies (17, 39, 44, 45)]. A total of 13 studies in 7 studies (37, 38, 40, 41, 46, 49, 50) did not introduce the measurement positions of HGS.

National Cholesterol Education Program Adult Treatment Panel III was the most commonly used criterion to evaluate HGS in the analyzed publications. As shown in Table 1, MetS was defined by the NCEP ATP III classification (n = 13) (14, 17, 37–42, 45, 46, 48, 50, 51), IDF classification (n = 2) (44, 47), AHA classification (n = 2) (12, 43), or other criteria (n = 2) (15, 49).



Quality assessment of included studies

Results of the quality assessment of the included studies are shown in Table 1 and Supplementary Tables 2, 3. We used the total score of this assessment to evaluate articles of insufficient quality. No study was excluded based on the AHRQ and NOS, as all of them were considered to be of moderate-to-good quality.



Handgrip strength and metabolic syndrome

Several studies analyzed the association between absolute HGS and MetS. In these studies, 4 studies demonstrated that absolute HGS was not significantly associated with MetS (38, 44, 48, 50). Another 4 studies found that lower absolute HGS had an increased likelihood of having MetS (37, 39, 40, 46). In one Chinese study, Qiu-Feng et al. (52) found that a positive association existed between absolute HGS and MetS in male residents, while the association was opposite in female residents.

A total of 12 studies investigated the association between relative HGS (HGS/weight) and MetS. 11 studies demonstrated that relative HGS (HGS/weight) was inversely associated with MetS (12, 15, 17, 41, 42, 47–52). In a total of 3,598 Chinese community residents over 60 years old, a significant negative correlation between HGS/weight and the risk of MetS, regardless of sex (49). However, no significant association was observed in the 628 community-dwelling elders (38).

5 studies assessed the association between relative HGS (HGS/BMI) and MetS. The results showed HGS/BMI were negatively associated with MetS (17, 43, 45, 47, 50).

Figure 2 demonstrated the pooled OR (low vs. high) of the association between HGS (absolute HGS, HGS/body weight, and HGS/BMI) and MetS was 2.59 (95% CI, 2.06−3.25) in the meta-analysis, with evidence of significant heterogeneity (I2 = 95.1%, P < 0.05). The results illustrated an inverse association of HGS with MetS in adults.
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FIGURE 2
Forest plot of handgrip strength and metabolic syndrome.




Subgroup analysis

In this meta-analysis, we performed a subgroup analysis according to gender, age, publication year, HGS-adjusted methods, country status, study type, MetS for each component, and defined criteria of MetS. Compared with participants with high HGS, the ORs (95% CIs) for MetS in participants with low HGS were 3.33 (2.69, 4.14) and 2.57 (1.82, 3.64) in men and women, respectively (Table 2). Compared with participants with high HGS, the ORs (95% CIs) for MetS in participants with low HGS were 2.03 (1.65−2.51), 3.51 (3.18−3.89), 2.20 (1.37−3.53), 8.04 (5.94, 10.89), and 3.21 (2.63, 3.92) according to the NCEP ATP III criteria, AHA criteria, IDF criteria, the joint scientific statement of harmonizing the MetS criteria, and Chinese Diabetes Society, respectively (Table 2). In addition, subgroup analysis by the HGS-adjusted methods suggested that the risks of MetS among adults were negatively associated with absolute HGS (OR, 1.34; 95% CI, 1.06−1.68), relative HGS (HGS/weight; OR, 2.97; 95% CI, 2.37−3.71), and relative HGS (HGS/BMI; OR, 2.47; 95% CI, 1.08−5.63; Table 2). In developed countries, HGS (low vs. high) was significantly and negatively associated with the risk of MetS (OR, 3.29; 95% CI, 2.32−4.68). Similarly, in developing countries, HGS (low vs. high) was significantly and negatively associated with the risk of MetS (OR, 1.75; 95% CI, 1.20−2.56; Table 2). Subgroup analysis based on study type showed a negative association between HGS (low vs. high) and MetS in cross-sectional studies (OR, 2.72; 95% CI, 2.10−3.52) and cohort studies (OR, 1.97; 95% CI, 1.31−2.95; Table 2). A subgroup analysis based on age indicated that there was an inverse association between HGS (low vs. high) and MetS in the middle-aged (OR, 1.32; 95% CI, 1.16−1.50) and elderly population (OR, 1.92; 95% CI, 1.26−2.92). According to the measuring tools of HGS, we divided all studies into four subgroups. The results of four subgroups, HGS (low vs. high) measured by Jamar (OR, 1.22; 95% CI, 1.13−1.32), Takei (OR, 2.88; 95% CI, 2.20−3.77), CAMRY (OR, 3.55; 95% CI, 3.09−4.08), and WCS-100 (OR, 2.23; 95% CI, 1.30−3.83), demonstrated that HGS (low vs. high) was inversely associated with MetS. Among the subgroup analysis of publication year, there was a negative association between HGS (low vs. high) and MetS in 5 years ago (OR, 2.44; 95% CI, 1.24−4.81) and in recent 5 years (OR, 2.60; 95% CI, 2.01−3.37). Among a subgroup based on the components of MetS, an inverse correlation was shown in the association of HGS (low vs. high) with elevated WC (OR, 4.35; 95% CI, 2.74−6.92), elevated TG (OR, 1.69; 95% CI, 1.38−2.05), HDL-C (OR, 1.55; 95% CI, 1.27−1.88), elevated BP (OR, 1.55; 95% CI, 1.30−1.85), and elevated FBG (OR, 1.55; 95% CI, 1.28−1.88).


TABLE 2    Combined results of subgroup analysis of HGS and MetS.
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Dose–response analysis

Three articles were included for the dose–response meta-analysis of the association between relative HGS (HGS/weight) and risk of MetS. There was a negative linear association between relative HGS (HGS/weight) and MetS (0.1 HGS/weight: OR, 0.68; 95% CI, 0.62−0.75) in Figure 3.
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FIGURE 3
Dose–response association between handgrip strength (HGS/weight) and prevalence of metabolic syndrome.




Publication bias and sensitivity analysis

Egger’s test indicated the existence of publication bias (P < 0.05) among the total group of subjects. Therefore, Duval and Tweedie’s trim-and-fill method was performed to re-examine publication bias. The adjusted pooled OR after adding nine studies was OR was 1.76 (95% CI: 1.40−2.21, P < 0.05). Hence, publication bias was solved when nine studies were incorporated in the funnel plot by trim fill analysis (Supplementary Figure 1). After excluding each article in every turn, the combined results were stable in the sensitivity analysis and the pooled ORs (95% CIs) ranged between 2.47 (1.98, 3.09) and 2.69 (2.15, 3.37).



Meta-regression

Examination of the association of HGS and MetS in adults revealed high study heterogeneity (I2 = 95.1%, P < 0.05). Thus, we conducted a meta-regression to identify the sources of high heterogeneity. Univariate meta-regression analysis indicated that country status (P = 0.025), measuring tools of HGS [Takei (P = 0.024) and CAMRY (P = 0.029)], components of MetS [elevated WC (P = 0.000)], and diagnosed criteria of MetS [ATP III (P = 0.001) and IDF (P = 0.016)] were significant sources of heterogeneity. Country status, measuring tools of HGS, components of MetS (elevated TG as the reference), and diagnosed criteria of MetS explained 16.7%, 26.2%, 30.1%, and 42.3% of the tau-squared in the meta-regression, respectively. Sex, HGS-adjusted method, study design, age, and publication year were not the potential sources of heterogeneity. The results are shown in Supplementary Table 4.




Discussion

This meta-analysis was the first study to systematically evaluate the association between HGS and MetS. In this meta-analysis involving 30 studies (reported in 19 articles) with a total of 43,396 participants, we determined the association between HGS and MetS. The study types of included studies were cross-sectional studies and cohort studies. Additionally, we used AHRQ and NOS scales to assess the quality of our included studies, seven studies were rated high quality and twelve studies were rated moderate quality. Most cross-sectional studies did not mention relevant contents of follow-up. As a whole, all studies reached the criteria of quality assessment. Based on cross-sectional and prospective cohort studies, this meta-analysis of observational studies indicated there was an inverse association between HGS and MetS. Low HGS was associated with a 2.59-fold increase in the pooled prevalent MetS. Consistent results were demonstrated based on subgroup analysis regarding gender, age, publication year, HGS-adjusted methods, region country status, study type, MetS for each component, and defined criteria of MetS. Due to significant heterogeneity among the included studies, we performed meta-regression and subgroup analysis to investigate the potential sources of heterogeneity. Meta-regression analysis revealed that country status, measuring tools of HGS, components of MetS, and diagnosed criteria of MetS contributed to the heterogeneity. However, the heterogeneity was still uncontrolled after subgroup analyses. Furthermore, in the dose–response analysis, a linear association between relative HGS (HGS/body weight) levels and MetS was found among men and women. These results demonstrated that any incremental increase in the relative HGS level was linked to a decreased prevalence in the MetS.

The pathogenesis of MetS is partly understood; however, a sedentary lifestyle, unhealthy diet, overweight or obesity, and still largely unknown genetic factors clearly interact to produce it (53). Regular physical activity has been shown to decrease body weight and visceral fat (54, 55) accumulation and improves insulin sensitivity (56, 57). Those are major constituents or related to MetS. A cohort study of 612 middle-aged men shows that high-intensity leisure-time physical activity at least 3 h/week was half as likely as sedentary to develop the MetS during the 4 years follow-up period (58). However, physical activity seems to be difficult to assess accurately (59). HGS has been introduced as a simple and inexpensive assessment tool for muscle strength and is highly correlated with total muscle strength (60). As a partly function of resistance training, physical activity could increase muscle strength (48). Low physical activity causes a decrease in muscle strength, which is known to increase MetS. And the mechanisms of physical activity and muscle strength were very similar. Both of them could decrease plasma triglyceride concentrations and increase plasma HDL cholesterol concentrations, improving insulin sensitivity (53). HGS is an essential indicator of physical fitness and can reflect total muscle strength (59). Moreover, HGS is much easier to assess. Therefore, HGS is a flexible indicator with which to screen MetS. Several epidemiologic studies (12, 15, 37) showed an adverse association between relative HGS and MetS. A cross-sectional study conducted in Tianjin showed that relative HGS is inversely associated with MetS in a survey of 17,703 individuals > 40 years of age (12). Another study conducted in the United States suggested that increased relative HGS may be inversely related to the prevalence of MetS or its separate components using 2011−2014 National Health and Nutrition Examination Survey (NHANES) data (15). An Australian population-based study indicated that there was a negative association between muscle strength and MetS (37). Previous studies (14, 17) that investigated the association between absolute HGS and MetS were not in agreement with relative HGS (HGS/weight or HGS/BMI). No association between absolute HGS and MetS was detected among 1,009 Korean participants (14). A previous cross-sectional study reported that there was no association between absolute HGS and MetS in older adults from the HOPE study (17). Moreover, no dose–response meta-analysis between relative HGS (HGS/weight) and MetS was conducted. The dose–response meta-analysis results indicated that there was a negative linear association between relative HGS (HGS/weight) and MetS.

In agreement with previous studies, we found that a lower relative HGS (HGS/body weight; HGS/BMI) was associated with a higher prevalence of MetS. Wu et al. (14) revealed that physical inactivity, energy intake, and partial pathophysiologic mechanisms influenced muscle weakness in MetS. First, insulin acts on skeletal muscle and plays a significant role in IR and insulin sensitivity (61–63). Insulin sensitivity and IR are important factors in the pathophysiology of metabolic disorders (61, 62). Second, skeletal muscle secretes muscle factors that have an endocrine role, such as irisin and myonectin (64–67). The above processes are blocked and become a risk factor for MetS (68, 69). Third, in skeletal muscle, excessive accumulation of intramuscular fat will cause IR and develop into MetS (13, 70). Fourth, several studies have shown that lower muscle strength and mass may be associated with higher inflammatory markers (71), thereby increasing the risk of MetS. Therefore, skeletal muscle releases muscle factors and reduces inflammatory markers, decreasing the prevalence of MetS.

The current meta-analysis had several strengths. First, this is the first meta-analysis and systematic review to assess the association between HGS and MetS. Second, we reconciled the inconsistent results of absolute HGS and relative HGS (HGS/weight; HGS/BMI). Third, based on our meta-analysis, despite the limited number of included studies, we evaluated the dose–response association between relative HGS (after adjustment for body weight) and MetS for men and women.

Of note, there were some potential limitations in our meta-analysis. First, the insufficient reporting limited the interpretability of the results. Second, because we solely searched the literature published in English or Chinese, it was likely that all pertinent results were not included. Finally, HRs were treated as equal to ORs for pooling and analyzing data, which may have impacted the results.



Conclusion

In summary, the results of the current meta-analysis indicate that higher HGS is associated with a lower risk of MetS. Moreover, there appears to be a negative dose–response association between relative HGS (HGS/weight) and MetS. Lower levels of relative HGS (HGS/weight) were associated with a higher prevalence of MetS. Accordingly, lowered relative HGS (HGS/weight) might be a significant predictor of MetS.
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Subgroup analysis Pooled OR (95%CI), P-value for the heterogeneity Q test, I*
statistics (%), number of estimates in included studies (n)

n Risk estimates of MetS
Sex
Men 12 3.33 (2.69, 4.14); I = 67.7%, P = 0.000
Women 13 2.57 (1.82, 3.64); I* = 94.1%, P = 0.000

Diagnosed criteria of MetS
ATPIII 19 2.03 (1.65, 2.51); I = 90.7%, P = 0.000

AHA 4 3.51 (3.18, 3.89); I> = 0.0%, P = 0.646
IDF 3 2.20 (1.37, 3.53); I = 33.5%, P = 0.222
The joint scientific statement of harmonizing the MetS criteria 2 8.04 (5.94, 10.89); I2 = 0.0%, P = 0.798
Chinese Diabetes Society 2 3.21 (2.63,3.92); 2 = 0.0%, P = 0.327
HGS adjusted method

Absolute HGS 6 1.34 (1.06, 1.68); I = 74.0%, P = 0.002
HGS adjusted by weight 21 2.97 (2.37,3.71); I = 90.1%, P = 0.000
HGS adjusted by BMI 3 247 (1.08, 5.63); > = 87.7%, P = 0.000
Country Status

Developed country 17 3.29 (2.32, 4.68); I2 = 93.5%, P = 0.000
Developing country 13 195 (1.39, 2.75); I2 = 96.5%, P = 0.000
Study design

Cross-sectional study 26 2.72 (2.10, 3.52); I> = 95.6%, P = 0.000
Cohort study 4 97 (1.31, 2.95); > = 87.0%, P = 0.000
Age

Middle-aged 2 1.32 (1.16, 1.50); > = 0.0%, P = 0.618
Elderly 7 192 (1.26, 2.92); I = 94.4%, P = 0.000
Measuring tools of HGS

Jamar 3 1.22 (1.13, 1.32); > = 0.0%, P = 0.445
Takei 16 2.88 (2.20, 3.77); P = 84.1%, P = 0.000
CAMRY 2 3.55 (3.09, 4.08); I> = 37.7%, P = 0.205
WCS-100 4 2.23 (1.30, 3.83); I = 92.7%, P = 0.000
Publication year

before five years 7 2.44 (1.24, 4.81); I* = 93.0%, P = 0.000
recent five years 23 2.60 (2.01, 3.37); I2 = 95.1%, P = 0.000
Component of MetS

Elevated waist circumference 11 4.35 (2.74, 6.92); I = 95.5%, P = 0.000
Elevated triglycerides 9 1.69 (1.38, 2.05); 2 = 76.9%, P = 0.000
Low high-density lipoprotein-cholesterol 10 1.55 (1.27, 1.88); > = 74.6%, P = 0.000
Elevated blood pressure 9 1.55 (1.30, 1.85); 2 = 75.3%, P = 0.000
Elevated fasting blood glucose 9 1.55(1.28, 1.88); 2 = 75.2%, P = 0.000
ATP III, National Cholesterol Education Program Adult Treatment Panel III; HGS, handgrip strength; IDF, International Diabetes Federation; AHA, the American Heart Association

criteria; MetS, metabolic syndrome; BMI, body mass index.
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Adjusted

Qualit;
variables Y

score

Gender, weight, 9
age, walking

speed, social class,
smoking habit,
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Unreported 7
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activity, and food
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(suchas
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andfor
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