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Background

Insulin resistance is a metabolic disorder that occurs in type 2 diabetes mellitus and obesity. Genetic factors such as β3-adrenoceptor polymorphism (Trp64Arg) may be involved in IR and insulin secretion. However, their association is controversial. Therefore, the current meta-analysis was conducted to clarify the relationship between the Trp64Arg and IR.



Methods

The literature search was performed in PubMed, Embase, and Web of Science using the keywords “Receptors, Adrenergic, beta-3, Receptors, Adrenergic, Insulin Resistance, Protein-Coupled Receptor Kinase 3” from 2005 to February 7, 2021. We used a random-effects model to calculate the pooled effect size. We conducted subgroup analysis and regression analysis to identify sources of heterogeneity; and Egger’s test and funnel plot were used to test publication bias. Finally, we conducted a sensitivity analysis.



Results

We included eight papers with 1,586 subjects. There was a positive correlation between Trp64Arg mutation and insulin level (standardized mean difference = 0.20, 95% confidence intervals: 0.00 to 0.39, I2 = 57.6%, p = 0.016). However, there was no association between Trp64Arg and the homeostasis model (HOMA-IR) assessment. Egger’s tests showed no publication bias; the sensitivity analysis showed that our results were stable. Regression analysis revealed no source of heterogeneity.



Conclusion

Trp64Arg may be associated with IR. European ancestry, obesity, plasma insulin level, and test status may be potential factors affecting the relationship between Trp64Arg and IR.
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Introduction

Insulin resistance (IR) is a metabolic disorder that can lead to type 2 diabetes and obesity (1). It can occur in the liver, white adipose tissues, and skeletal muscle (2–4). In clinical practice and epidemiological studies, fasting insulin levels and homeostasis model assessment (HOMA-IR) are commonly used substitute indices of IR (5). There is evidence to suggest that genetic factors are involved in IR and insulin secretion (6).

β-Adrenoceptors are the targets of endogenous catecholamines noradrenaline and adrenaline (7). β3-Adrenergic receptor gene (ADRB3) is a member of the β-adrenoceptor system (7) and plays an essential role in metabolic disorders (8). ADRB3 is expressed in human visceral adipose and is associated with increased lipolysis. In turn, increased lipolysis can lead to skeletal muscle IR (9). ADRB3 dysfunction may lead to IR and obesity and may be a candidate gene for obesity and IR (5). Winden et al. (10) reported that the ADRB3 polymorphism is the replacement of tryptophan (Trp64Trp) by arginine at position 64 (Trp64Arg) of the β3-adrenergic receptor. Studies showed that the Trp64Arg mutation was associated with type 2 diabetes mellitus, IR, and body weight increases (11, 12). Subsequently, many studies investigated the relationship between this common variant and various metabolic syndrome phenotypes, including elevated body mass index

(BMI); Trp64Arg mutation had a specific effect on BMI (13–15). Similarly, the relationship between IR or its related indices and Trp64Arg was also studied. In 2005, a meta-analysis indicated that the Trp64Arg variant was associated with IR (5). However, studies after 2005 remained controversial, and there has been no meta-analysis to clarify the relationship between the Trp64Arg and IR. For example, Højlund et al. (16) demonstrated that Trp64Arg might not increase IR, and another study suggested that Trp64Arg had no relationship with IR (17). However, another study showed that a mutation group of patients with Trp64Arg had higher insulin and HOMA-IR levels (18).

Therefore, to help resolve the discrepancies among these studies, we analyzed the association between Trp64Arg and IR or its related indices in this meta-analysis.



Research Methods


Search Strategy

We performed the meta-analysis based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (19). A literature research was performed in PubMed, Web of Science, and Embase. Two groups of keywords and their major subheading terms were used to search relevant studies including receptors, adrenergic, beta-3 (e.g., “beta-3 Adrenergic Receptors,” “Receptors, Adrenergic,” “G-Protein-Coupled Receptor Kinase 3,” “TRP64Arg,” “TRP64Arg polymorphisms,” “ADRB3,” “adrenergic receptor gene,” “adrenergic receptor gene,” and “β3-AR”) and IR (e.g., “Resistance, insulin,” “Insulin Sensitivity,” and “Sensitivity, Insulin”). The date range was from January 1, 2005 to February 7, 2021. More details are shown in Figure 1.




Figure 1 | Flow chart of the included studies.





Inclusion and Exclusion Criteria

The inclusion criteria were as follows: 1) studies of humans; 2) inclusion of means, the standard deviation (SD) of related indices of IR, including insulin level and HOMA-IR by genotypes and by subgroups; 3) publication in English; and 4) observational studies with subjects ≥10. The exclusion criteria were as follows: 1) case reports, reviews, comments, protocols, meeting abstracts, and meta-analyses; 2) no study of the correlation between Trp64Arg and IR; 3) other interventions; and 4) inability to assess the full text.



Data Extraction and Quality Assessment

For data extraction, two independent reviewers reviewed all studies and extracted the data in a standardized format. The data were collected after all the disagreements were resolved. The collected information included the first author of the studies, the year of publication, country, sample size, the number of men and women, and the effect value. Subjects’ characteristics such as age, BMI, health condition, and test status of insulin were also extracted as potential variables for further subgroup analysis. To unify the units of insulin, the conversion factor 6.945 (1 mU/L = 6.945 pM) was applied to transform insulin concentration from picomolar into milliunits per liter (20). The qualification of the cross-sectional studies was based on Agency for Healthcare Research and Quality (21), and Newcastle-Ottawa Scale was used to assess the qualifications of case–control studies. All assessments were performed by two authors independently. Specific criteria and scores are presented in Supplementary Table 1.



Statistical Analysis

The associations between Trp64Arg and IR were analyzed using the random-effects model, which used the mean values and their SD. Forest plots were also drawn. I2 was used to show the heterogeneity; I2 ≥50% and p-value <0.05 indicated significant heterogeneity (22). If the results showed heterogeneity, meta-regression analysis was used to explore its sources (23). We conducted influence analysis to determine the impact of a single study on the overall results. If the results showed that one study impacted on the overall results, we conducted a sensitivity analysis to determine the stability of the results. Cumulative analysis was performed to evaluate the trend of pooled effect estimates over time. Publication bias was analyzed using funnel plots and Egger’s tests. We also performed subgroup analysis based on age, country, BMI, blood samples, and test status. All the analyses were performed using Stata software 12.0.




Results


Literature Search

Search details are shown in Table 1. We searched PubMed, Web of Science, and Embase. In total, 1,895 potential studies were filtered from online databases, and 290 studies were removed because of duplication, 1,577 ineligible studies were removed after scanning the title and abstracts, and 20 were removed after scanning the full texts. Finally, eight studies met the selection criteria (24–31).


Table 1 | Characteristics of included studies.





Study Characteristics

All of the studies were published from 2005 to 2021 and included 362 subjects with the Trp64Arg variant and 1,224 subjects with normal genotype. The characteristics of the studies are presented in Table 1. Six case–control studies (24–26, 28, 29, 31) included 1,196 individuals and two cross-sectional studies (27, 30) that included 390 individuals. Four studies were conducted among obese populations (26–28, 31), one study was conducted among the normal (25) population, and the other four studies were conducted among people with obstructive sleep apnea syndrome (24), polycystic ovary syndrome (25), postmenopausal status (29), and metabolic syndrome (30). The age ranged from 13 to 60 years. More details are presented in Table 1.



Overall Analysis

As shown in Figure 2, there was a positive correlation between insulin and Trp64Arg variant genotype (standardized mean difference (SMD) = 0.20, 95% confidence interval (CI): 0.00 to 0.39). There was heterogeneity among studies (I2 = 57.6%, p = 0.016). In the influence analysis, we found that Erhardt’s study (7) had a greater impact on the stability of the combined result (Supplementary Figure 1). The sensitivity analysis showed that after excluding that study, the re-fitted result remained statistically significant, with an SMD and 95% CI of 0.13 (0.01, 0.26) (Supplementary Figure 2). Egger’s test and the funnel plot showed no publication bias (p = 0.796) (Figure 3 and Supplementary Figure 3).




Figure 2 | Insulin level as an index of insulin resistance. Forest plot showing the effect size of the correlation between Trp64Arg mutation and insulin resistance. 95% confidence intervals (CIs) are expressed in bars (each group) and diamond (all studies). Summary estimates are analyzed using a random-effects model. SMD, standardized mean difference.






Figure 3 | Funnel plot of the publication bias.





Subgroup Analysis

Table 2 summarizes the results of the subgroup analysis of the relationship between Trp64Arg and insulin levels and HOMA-IR based on the participants’ characteristics. First, we found that the associations between Trp64Arg genotype and insulin levels differed depending on test status. Specifically, all subjects were divided into three groups: the fasting group, the 75-g oral glucose tolerance test (OGTT) (1.75 g/kg ideal body weight, max. 75 g) group, and the normal group. Studies conducted under the normal test status revealed a positive correlation between Trp64Arg mutation and insulin levels (SMD = 0.25, 95% CI: 0.02 to 0.48, I2 = 0%, p = 0.431) (Figure 4). However, no association was found between Trp64Arg and insulin levels in the subgroup of fasting condition and 75-g OGTT condition. We also conducted subgroup analysis based on blood sample (plasma or serum), ethnicity (Asian, South American, and European), and BMI (overweight or obesity) (32). However, we did not find differences among these factors.


Table 2 | Subgroups analyses of relationship between Trp64Arg mutation and insulin resistance.






Figure 4 | Forest plot of correlations between Trp64Arg mutation and insulin resistance-based onset status. 95% confidence intervals (CI) are expressed in bars (each group) and diamond (all studies). Summary estimates were analyzed using a random-effects model. Pierola et al., Pérez-Bravo et al., Dunajska et al., and Mirrakhimov et al. presented data from people with fasting test status; Erhardt et al. and Zawodniak-Szalapska et al. presented data from people with 75-g OGTT test status. de Luis et al. presented data from people with normal test status. SMD, standardized mean difference; OGTT, oral glucose tolerance test.



Next, we used HOMA-IR as an index of IR (Figure 5). A positive relationship was found only for normal test status (SMD = 0.25, 95% CI: 0.02 to 0.48, I2 = 0%, p = 0.431), and not for other test status. We also found a positive relationship only in plasma blood samples (SMD = 0.22, 95% CI: 0.02 to 0.43, I2 = 0%, p = 0.356), obese populations (SMD = 0.40, 95% CI: 0.05 to 0.74, I2 = 75.4%, p = 0.007), and European ethnicity (SMD = 0.40, 95% CI: 0.05 to 0.74, I2 = 75.4%, p = 0.007) (Table 2).




Figure 5 | Using HOMA as an index of insulin resistance. Forest plot showing the effect size of the correlation between Trp64Arg mutation and insulin resistance. 95% confidence intervals (CIs) are expressed in bars (each group) and diamond (all studies). Summary estimates are analyzed using a random-effects model. SMD, standardized mean difference.





Meta-Regression Analysis

To identify sources of heterogeneity, we conducted a meta-regression analysis. Covariates including age, country, blood sample, test status, and BMI were explored. None of these factors was the source of the heterogeneity (Table 3).


Table 3 | Meta-regression of correlations between Trp64Arg and insulin resistance.





Cumulative Analysis

To evaluate the trend of pooled effect estimates over time, we did a cumulative analysis. The results showed that the pooled result was stable over time (Figure 6).




Figure 6 | Cumulative analysis.






Discussion

ADRB3 is an important regulator of many physiological functions, such as thermogenesis of brown adipose tissue and lipolysis of white adipose tissue. There are many variations in ADRB3 polymorphism; among these mutations, the most common ADRB3 mutation is Trp64Arg (33). Strosberg et al. mentioned that the allele Arg64 genotype is expressed in nearly all populations of the world (34); the allele can be activated by its agonists (33). Researches showed that ADRB3 polymorphic variants are associated with many diseases, such as cardiovascular diseases, obesity, diabetes, and other disorders (35). This provides insight into the potential pathophysiological effects of ADRB3 polymorphism in the development of these diseases.

We found that the Trp64Arg variant had a positive correlation with IR. The results of the cumulative analysis show that the pooled result was stable over time. Subgroup analysis suggested that test status was a factor that may influence the relationship between Trp64Arg and IR. When using HOMA-IR as an index of IR, subgroup analysis showed that the association between Trp64Arg and IR might be affected by the type of blood sample, obesity, and ethnicity. Heterogeneity in studies is expected in meta-analyses (36); exploring the potential sources of heterogeneity is an essential part of the analysis. What should be noted is that there was heterogeneity between studies in our meta-analysis. Therefore, we used meta-regression analysis to identify the covariates that may have a substantial impact on the heterogeneity, including age, ethnicity, test status, BMI, and source of a blood sample. However, none of these covariates affected the heterogeneity in the meta-regression analysis. Subsequently, considering the heterogeneity of the meta-analysis included in the study, we conducted subgroup analyses based on test status, blood sample source, ethnicity, and BMI.

Subgroup analyses suggested that test status might affect the relationship between the Trp64Arg variant and IR. Adeva-Andany et al. (37) mentioned in their review that dietary ingredients can affect the degree of insulin sensitivity; therefore, dietary ingredients under normal test status may influence the association between the Trp64Arg variant and IR. Some ingredients in the diet can affect IR; for example, Rivellese et al. mentioned that saturated fatty can increase IR; thus, subjects included in the researches may eat saturated fatty acids when they are under normal test status (38). In addition, the concentration of free fatty acids in type 2 diabetes or obese patients is increased; free fatty acids are a major factor contributing to IR (39). On the other hand, people with normal test status are characterized by obesity, which may be another cause of the differences (27, 28). Moreover, this finding can also support the conclusion that the effect mutation on IR may be affected by obesity (33). Papandreou et al. found that several plasma amino acids may be associated with IR, including branched-chain amino acids, aromatic amino acids, alanine, proline, and glutamine (40, 41). These findings may explain the potential influence of blood samples on the relationship. The allele frequency of Trp64Arg varies among different ethnicities (42). These findings suggest that ethnicity may influence the relationship between the Trp64Arg variant and IR.

In the influence analysis, we found that Erhardt’s study had a more significant impact on the pooled results, which may affect the stability of the results (Supplementary Figure 1). After this study was excluded, the results remained statistically significant, suggesting that the results were stable (Supplementary Figure 2). Egger’s test and funnel plots showed that there was no publication bias.

A previous meta-analysis showed that Trp64Arg had a small association with BMI (43). When using HOMA-IR as an index of IR, BMI affected the relationship between Trp64Arg and IR. Considering that IR is associated with obesity (44), further subgroup analysis indicated that the association between Trp64Arg and IR was significant in obesity. Therefore, we speculate that obesity may be the cause of the Trp64Arg mutation that leads to IR. Garcia-Rubi et al. (45) found that obese women with Trp64Arg mutation had greater IR than had women who carried Trp64Arg genotype based on age, body composition, and physical activity. However, Urhammer et al. (46) found that Trp64Arg may be associated with IR and was not affected by BMI. If the relationship between IR and Trp64Arg mutation can be attributed to obesity, we should pay attention to the underlying mechanism. The Trp64Arg variant has been shown to reduce lipolysis (47). Another study found that the Trp64Arg mutation can influence body weight loss (48). These findings suggest that the underlying mechanism may be related to impaired lipolysis, which leads to the increased adipocytes and then obesity, which may lead to IR and hyperinsulinemia.

In addition to IR, the Trp64Arg mutation is associated with insulin secretion. In a study of male twins who carried the Trp64Arg mutation, IR and insulin secretion (determined by homeostasis model assessment) were significantly lower (49). Furthermore, Christiansen et al. demonstrated that Trp64Arg polymorphism had no effects on plasma glucose responses but associated with decreased insulin secretion (50). The result showed that Trp64Arg may affect IR by affecting insulin secretion rather than blood glucose level.

In summary, our study further clarified the relationship between Trp64Arg and IR and explained it at the gene level. It provides a direction for genetic research on the identification of therapeutic targets for clinical treatment of IR. However, the included studies are all case–control studies and cross-sectional studies; therefore, it is difficult to draw causal inferences. There may be selection bias in population selection, in either case–control studies or cross-sectional studies. And, measurement error may also exist. Finally, the number of articles included in our study is small, so more studies need to be included for further analysis.



Conclusion

Our meta-analysis suggested that the Trp64Arg mutation in the beta-adrenergic receptor had a positive correlation with IR. Ethnicity, obesity status, blood sample source, and test status may be the potential factors affecting the relationship between Trp64Arg and IR.
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Supplementary Figure 1 | Impact analysis of individual studies. The study by E´ Erhardt had a significant effect on the pooled result.

Supplementary Figure 2 | Forest plot after excluding a single study with high impact. 95% confidence intervals (CI) are expressed in bars (each group) and diamond (all studies). Summary estimates are analyzed using a random-effects model. SMD, standardized mean difference.

Supplementary Figure 3 | Egger’s publication bias plot. p=0.796.
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