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Background: Body size (BS) is one of the risk factors for the development of many clinical diseases, but the relationship between BS and glaucoma is controversial. Herein, we try to use Mendelian randomization (MR) method to study BS causal association with glaucoma risk from the genetic level.

Methods: The Body Size was determined through anthropometric traits (ATs), such as body mass index (BMI), waist-to-hip ratio adjusted by body mass index (WHRadjBMI), waist-to-hip ratio (WHR), and waist circumference (WC). Association of single nucleotide polymorphisms (SNPs) with each AT and glaucoma were determined individually from the aggregated data of the Genetic Investigation of Anthropometric Traits (GIANT) consortium and the FinnGen study summary data (8,591 cases with glaucoma and 210,201 controls). To explore the role of BS and glaucoma, a two-sample MR analysis was performed on genome-wide association study (GWAS) data. Besides, three MR methods [inverse variance weighted (IVW), Weighted median, and MR-Egger regression] were used to get the whole causal estimate for multiple instrumental SNPs.

Results: BMI (OR = 1.20; 95% CI = 1.02–1.41; P = 0.03) and WC (OR = 1.32; 95% CI =1.04–1.69; P = 0.03) were associated with a risk of glaucoma. Besides, genetically predicted WHRadjBMI (OR = 1.10; 95% CI = 0.88–1.35; P = 0.43) and WHR (OR = 1.22; 95% CI = 0.93–1,572; P = 0.14) were not associated with glaucoma. No heterogeneity and directional pleiotropy were detected.

Conclusion: The data of this study revealed that increased BMI and WC are potential risk factors for glaucoma, and WHRadjBMI and WHR are not associated with the occurrence of glaucoma.
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Introduction

Glaucoma is a chronic condition of progressive optic neuropathy associated with characteristic damage to the optic nerve, loss of visual field, and lead irreversible blindness. The cases of glaucoma are expected to observe an increment of 111.8 million by 2040 (1). The raised intraocular pressure (IOP) on the optic nerve is the sole modifiable risk factor in glaucoma; however, it does not help in all cases (2, 3). Thus, we need to start looking at factors other than intraocular pressure that may be associated with glaucoma to find a new method of prevention and treatment. Glaucoma is considered a multifactorial disease, and family history of glaucoma (4) and age (5) are considered the chief risk factors for glaucoma. At present, a large number of clinical studies have shown that immune components are also involved in the neurodegenerative process of glaucoma (6). In addition, other factors, including hemodynamic factors, metabolic syndrome, and obesity, were associated with glaucoma (7).

Body size (BS) is generally measured through anthropometric characteristics (ATs), like body mass index (BMI), waist to hip ratio adjusted according to body mass index (WHRadjBMI), waist to hip ratio (WHR), and waist circumference (WC) (8). Among them, BMI is a common tool to assess obesity. The World Health Organization (WHO) defines obesity as a body mass index ≥30 kg/m2, overweight as a body mass index between 25 to 29.9 kg/m2 (9). Obesity is a growing problem worldwide and has an impact on eye diseases including age-related cataracts, age-related macular degeneration and diabetic retinopathy (10). However, whether there is a direct link between obesity and intraocular pressure remains elusive. On the one hand, BMI had a positive linear correlation with IOP (11). And on the other hand, BMI was inversely associated with the risk of open-angle glaucoma (12). Whereas, no significant differences were found in BMI when comparing patients with and without glaucoma in a case-control study (13). Recently, many scholars studied the impact of anthropometric parameters on the incidence of glaucoma. In a national health and nutrition survey from South Korea, fat mass/weight ratio and fat mass/muscle mass ratio were found to be negatively associated with glaucoma. On the contrary, muscle mass parameter/BMI ratio was observed to be significantly positively related with glaucoma (P < 0.05) in males. In contrast, height and fat mass/BMI showed a serious relationship with onset of glaucoma (P < 0.05) in females (14). Furthermore, a positive correlation was found for BMI with IOP in the Chinese and Singaporeans population. (15). Conversely, lower BMI led to higher prevalence of glaucoma in the Indian population (16). Therefore, whether these parameters are positively or negatively correlated with the disorder is debatable because of ethnic differences and confounding factors found in different studies and different research methods. Although previous studies had suggested that some of the relevant items in BS may be associated with the occurrence of glaucoma, limited follow-up and research methods have made it difficult to complete randomized controlled trials to explore the specific relationship between patients with glaucoma and BS.

The Mendelian randomization (MR) analysis is a type of instrumental variable (IV)-based study, which is extensively utilized to assess potential causal relationships among exposure and outcome (17). Moreover, the gene distribution of human genetics follows Mendelian genetic law and does not get affected by most acquired confounding factors. Recently, Robert Carreras-Torres used the MR method to verify a strong causal relationship between BMI, as one of BS, and the risk of pancreatic cancer [ODDS Ratio (OR) = 1.34, 95% Confidence Interval (CI) = 1.09–1.65, for Each Standard Deviation Increase in BMI (4.6 kg/m2)] (18). However, as we know, there were no studies conducted using genetic data to explore the causal relationship between BS and glaucoma. Therefore, we have conducted an extensive MR analysis to understand the influence of Body Shape on glaucoma incidence by simulating the possible effects of BMI, WHRadjBMI, WHR and WC on glaucoma risk. Our results indicate the potential risks of glaucoma in BMI and WC in BS and provides new diagnostic ideas and preventive measures for glaucoma.



Materials and methods


Study design

When using a large sample size genetic database, the two sample MR analyses can assess the causal effect of BMI, WHR, WHRadjBMI, and WC on glaucoma by using SNPs as instrumental variables (IVs) to avoid accidental influence (19, 20). Our MR study was conducted on the following assumptions: First, the IVs are associated with BMI, WHR, WHRadjBMI, and WC; Second, the IVs affects glaucoma only through its effect on BMI, WHR, WHRadjBMI, and WC; Third, the IVs was not associated with any factors that confound the relationship between the exposure and outcome (Figure 1) (21). In addition, the data used by these MR analyses were processed from the data provided.
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FIGURE 1
 Acyclic graph interpretation of Mendelian randomization analysis.




Ethics declarations

The study used publicly available aggregate-level data without additional participant consent and ethical approval. All original and GWAS studies are approved by the ethics committees of their respective institutions. The ethical approval for each study can be found in the original publication. All methods and procedures in this study were performed in accordance with the Declaration of Helsinki. All methods in our study of MR were performed by the STROBE-MR statement (22).



Data sources for MR analyses

The two sample MR analysis was completed utilizing summary data from genome-wide association studies (GWAS) (23). In our study, the whole subjects have homogeneous characteristics which were both from Europe. The relationships for SNPs with BMI, WHRadjBMI, WHR, and WC were derived from data aggregated from the Genetics of Anthropometric Traits (GIANT) Consortium in the year of 2015 (24).

In addition, the association of exposure relative SNPs with glaucoma was obtained from the FinnGen study (https://r5.finngen.fi/) (25). The database contains 8,591 glaucoma patients and 210,201 health participants in the European population. The demographic information of participants, such as age and gender, is provided in the FinnGen study. The data set can be accessed as required.



The selection and validation of instrumental variables

To prove the independence of IVs, we evaluated linkage disequilibrium (LD) by testing the clustering test. Because LD can introduce bias and it was required that the instrumental variables of exposure selection should be independent of each other. This was ensured by clustering the majority of variants into a series of indexed SNPs (8). Then the SNPs were gathered by aggregating all SNPs according to LD (R2 = 0.001). The significant association between the SNPs with each SNP reaching the genome-wide significance level (P < 5 × 10−8) was also determined. Palindrome and ambiguous SNPs were discarded.



Sensitivity analysis

To test and correct the robustness of the MR estimates, we applied sensitivity analysis. Firstly, MR-Egger's intercept values were used to assess the multiplicity of SNPs. The closer the intercept to 0, the lower the multiplicity was considered. Secondly, MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) (26) was used to evaluate further the SNPs pleiotropy that has the potential causality, and the SNPs with abnormalities were removed. When the number of variables is >50%, MR-PRESSO can still get accurate results. Meanwhile, Cochran's Q-test was used for the assessment of heterogeneity. Finally, to ensure the robustness of the results, the analysis was carried out using the Leave-one-out test.



Statistical methods

All analyses were completed using R software (version 1.4.1717) and the R packages “Two Sample MR.” The Wald ratio is often accustomed to deriving causal estimates for a single SNP (8). Three MR methods, namely Inverse variance weighted (IVW) linear regression, the MR-Egger regression (27), and the Weighted median method (28), were used for overall causal estimation for multiple SNPs (29, 30). The IVW was transformed into a weighted regression of the outcome effects of instrumental variables on exposure effects to obtain an overall estimate of the impact of BMI, WHRadjBMI, WHR and WC on glaucoma risk. Meanwhile, the fixed effect model or random effect model were selected according to the heterogeneity (31, 32). The MR-Egger method can still provide unbiased estimators even if pleiotropy exists for all selected instrumental variables. Moreover, even if more than half of the instrumental variables are invalid, the Weighted median still provides a consistent estimate of the causal effect. P < 0.05 is considered to have potential causality.




Results


The causal effect of BMI on glaucoma

There were 64 SNPs associated with BMI and glaucoma (Supplementary Table 1). In MR analysis between BMI and glaucoma, overall causal estimation of the IVW method showed that BMI had a significant relationship with glaucoma (OR = 1.20; 95% CI = 1.02–1.41. P = 0.03) (Table 1). The Weighted median (OR = 1.26, 95% CI = 0.95–1.66; P = 0.11) and MR-Egger (OR = 1.37, 95% CI = 0.93–2.02, P = 0.12) did not show a correlation between BMI and glaucoma (Table 1; Supplementary Figure 1A). A Leave-one-out test validated the impact of each SNP on the results to verify the robustness of the data (Figure 2A). The pleiotropy were performed by MR-Egger intercept (P = 0.45) and MR-PRESSO (P = 0.63) (Table 2). At the same time, the funnel plot results confirm that there was no horizontal pleiotropy of the selected tool variables (Figure 2B), so as the results of Cochran's Q-test (Table 2, P = 0.62). As the sensitivity analysis confirms the robustness of the data and the results of the IVW were more reliable, there was a clear causal relationship between BMI and glaucoma.


TABLE 1 Associations between BS and risk of glaucoma using Mendelian randomization.
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FIGURE 2
 Leave-one-out permutation analysis plot (A) and Funnel plot (B) of BMI.



TABLE 2 Sensitivity analysis for the associations between BS and risk of glaucoma.
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The causal effect of WHRadjBMI on glaucoma

Thirty-six SNPs were associated with WHRadjBMI and glaucoma (Supplementary Table 2). In the MR analysis between WHRadjBMI and glaucoma, the whole causal estimation of the IVW method showed that each SD change had no impressive impact on the risk of glaucoma in WHRadjBMI (OR = 1.10; 95% CI = 0.88–1.35; P = 0.43) (Table 1). The results of the weighted median (OR = 1.01, 95% CI = 0.74–1.40; P = 0.93) and MR egger (OR = 0.87, 95% CI = 0.26–2.93, P = 0.81). Did not show the correlation between WHRadjBMI and glaucoma (Table 1; Supplementary Figure 1B). The impact of each SNP on the results verified the robustness of the data by the leave-one-out of the test (Figure 3A). The pleiotropy was tested by MR egger intercept (P = 0.71) and MR PRESSO (P = 0.08) (Table 2). At the same time, the results of the funnel chart (Figure 3B) and Cochran's Q-test (Table 2, P = 0.07). Also confirmed no horizontal pleiotropy for the selected instrumental variables. Because there is no pleiotropy of the data and the results of the IVW test were more reliable, there was no obvious causal relationship between WHRadjBMI and glaucoma.


[image: Figure 3]
FIGURE 3
 Leave-one-out permutation analysis plot (A) and Funnel plot (B) of WHRadjBMI.




The causal effect of WHR on glaucoma

There were 29 SNPs associated with WHR and glaucoma (Supplementary Table 3). From the MR analyses between WHR and glaucoma, the overall causality estimated by the IVW method showed that each SD change had no significant effect on the risk of glaucoma in WHR (OR = 1.22; 95% CI = 0.94–1.58; P= 0.14) (Table 1). The Weighted median (OR = 1.27, 95% CI = 0.87–1.85; P = 0.22) and MR-Egger (OR = 1.82, 95% CI = 0.53–6.24, P = 0.35) did not show a correlation between WHR and glaucoma (Table 1; Supplementary Figure 1C). The impact of each SNP on the results was verified by the Leave-one-out test (Figure 4A). Pleiotropic tests were performed on MR-egger Intercept (P = 0.51) and MR-PRESSO (P = 0.22, Table 2). At the same time, the funnel plot results also confirmed that the selected instrumental variables did not have the horizontal pleiotropic effect (Figure 4B). There is no heterogeneity by using Cochran's Q-test (Table 2, P = 0.20). Since there is no pleiotropy in the data, the IVW test results were more reliable. Therefore, there was no clear causal relationship between WHR and glaucoma.


[image: Figure 4]
FIGURE 4
 Leave-one-out permutation analysis plot (A) and Funnel plot (B) of WHR.




The causal effect of WC on glaucoma

There were 36 SNPs associated with WC and glaucoma (Supplementary Table 4). In the MR analysis between WC and glaucoma, the overall causal estimates from the IVW method indicated that P = 0.01 (OR = 1.32; 95% CI = 1.08–1.62) in WC. The result of MR-Egger's sensitivity analysis (OR = 1.41, 95% CI = 0.75–2.67, P = 0.29) and Weighted median (OR = 1.32, 95% CI = 0.95–1.84; P = 0.09) in Table 1 and Supplementary Figure 1D. Pleiotropy tests were performed by MR-Egger intercept (P = 0.82) and MR PRESSO (P = 0.06, Table 2). The results of MR Egger and MR PRESSO in the pleiotropy test were >0.05 which means there was no pleiotropy. The funnel plot results also confirmed the absence of pleiotropy (Figure 5B). There is heterogeneity by using Cochran's Q-test (Table 2, P = 0.04). Considering the existence of heterogeneity, we used a random effects model (31) to IVW and we still observed a significant association between WC and glaucoma (OR = 1.32, 95 CI% = 1.34–1.69, P = 0.03 <0.05, Table 1). The impact of each SNP on the results was validated by a Leave-one-out test (Figure 5A). Therefore, there was an obvious causal relationship between WC and glaucoma.
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FIGURE 5
 Leave-one-out permutation analysis plot (A) and Funnel plot of (B) of WC.





Discussion

To the best of our knowledge, this is the first MR analysis that detect the causal relationship between glaucoma and Body Size. In our study, two-sample MR analyses with a genetic instrument were selected from a wide-ranging GWAS to evaluate the body size role in the risk of glaucoma based on the genetic data obtained from European databases. MR approach is more likely to avoid confounding bias than the literature-reported risk in observational epidemiological studies (33). After adjusting for genetic linkage using the three different estimation methods (Weighted median, IVW, and MR-Egger regression), our results suggest that BMI and WC might associate with the glaucoma risk except WHRadjBMI and WHR.

In previous studies, BMI, WHRadjBMI, WHR, and WC were reported as important BS indicators. These indicators were shown to be closely related to many diseases. For instance, a cross-sectional study involving 1,891 subjects (59.1% Chinese, Malays 22.2%, Indians 18.7%) from Singapore believed that the combination of BMI and WHtR might have clinical importance for segregating patients using cardiovascular disease risk factors (34). Moreover, patients with high BMI, WC, and WHtR often represent obesity, which is considered a higher risk factor for cardiovascular disease due to abnormal blood pressure, blood lipids, blood sugar, and even blood volume (35). A study in China showed that WC and WHtR were more closely related to diabetes, especially in female patients older than 40 years old (36). This study suggested that WC and WHtR reflect the abdominal or ectopic fat in diabetes, a more important risk factor for metabolic disease than general obesity indicators. Previous studies had reported that combinations such as BMI and WHtR (Waist-to-Height Ratio) play an important role in understanding risk factors for cardiovascular disease in adults (36). Besides, somatic symptoms of depression have been considered positively correlated with anthropometric findings (38). Recently, several meta-analyses showed that different types of anthropometric data might be potential causes of gastric and esophageal cancers (39) and demonstrated the importance of anthropometric indices in disease risk factors and even disease prevention. These studies emphasized the important role of BS indicators in measuring disease risk factors.

Recently, several studies have reported BMI relationship with glaucoma. A prospective study from the Korean National Health Insurance System classified people according to metabolic syndrome and obesity, expressed the presence, severity, and concluded that metabolically healthy and obesity were had a significant risk of glaucoma. For instance, someone with a BMI of 30 kg/m2 or more was prone to develop glaucoma than those with a BMI of 18.5–22.9 kg/m2 (40). In a population-based study, Ko et al. reported that people with a BMI of 30 kg/m2 or higher were more likely to be associated with glaucoma incidence (41). Consistently, many studies performed on the Chinese and Singaporeans population have reported a correlation between IOP, body shapes, and BMI (15). In contrast, people with a low BMI were associated with a higher risk of glaucoma (16). These results might be influenced by the different sociodemographic groups, with differences in race, age, and population composition ratio. As another two key indicators of BS, WHR and waist circumference were documented by very few researchers (16). A study from India showed that increasing age and elevated WHR were the risk factors for elevated intraocular pressure (42). However, these cross-section studies have not completely demonstrated the relationship between BS and glaucoma (43). In our study, BMI and WC was a novel risk factor for glaucoma which is consistent with the results of previous studies (37). Hemodynamics factors have been reported to involve in the pathogenesis of POAG and metabolic health along with obesity might affect the overall primary open angle glaucoma development (7). Despite similar levels of obesity, BMI might show differential clinical outcomes, based on the body's metabolic state (44). However, BMI cannot distinguish between fat and lean body mass, while WC, WHC, etc., can reflect visceral obesity. Different BS indexes complement each other, and the synergistic effect reflects the overall body's metabolism. Jung Y pointed out that diabetes, hypertension, and hypercholesterolemia can be hypermetabolic. The metabolic syndrome may increase intraocular pressure (7) as the high blood pressure may lead to excessive aqueous humor production by facilitating more blood flow to the ciliary arteries (45). In addition, diabetes may also contribute to an increase in intraocular pressure by influencing the osmotic gradient, allowing more aqueous humor to enter the anterior chamber (46). Hyperglycemia leads to the dysfunctional trabecular meshwork, accumulation of fibronectin, disruption of water outflow facilities, changes in osmotic gradients associated with the dysregulated autonomic system, or microvascular damage to the optic nerve or peripheral retina (47). This effect might also arise due to the use of systemic drugs. However, if systemic drugs are associated with glaucoma risk, it might have implications for glaucoma prevention and treatment (31).

Few studies have explored the specific relationship between WC and glaucoma, with an Asian study of 5,255 participants from the KNHANES V database finding no relationship between WC and POAG (17), and another finding that higher WC was associated with high intraocular pressure (48). These studies have some limitations, in addition to the use of cross-sectional studies so they can't speculate on causation, they also simply studied one type of POAG in glaucoma or only studied the direct relationship between high intraocular pressure and these data. We know that although intraocular pressure is the most important factor in glaucoma, the severity of it is not directly related to intraocular pressure. Therefore, we need to find other direct factors to explain the onset of glaucoma. Our study suggests there is the potential relationship between WC and glaucoma in the Western population, and it's worth noting that people in developed countries have a propensity toward more abdominal fat (49), but it may not apply to the Chinese and most of the Asian population. So we also need to expand the database in the future. Changes in BMI and WC often represent a relative increase in fat and a relative decrease in skeletal muscle content, and according to previous reports, oxidative stress can affect glaucoma optic neuropathy (50), so we can boldly assume that it may be due to changes in body composition that cause differences in the patient's oxidative stress response and thus lead to the occurrence of glaucoma. In the life cycle, BMI is believed to increase with age (51), based on this, we can also speculate that it may be due to the influence of age on systemic metabolism, which is the phenomenon of aging and thus to indirect glaucoma, so in the future, we can refine age and even gender to the group, and further study the degree of correlation between BC and glaucoma in these different groups.

The current study had some limitations, we did not conduct a classification analysis of glaucoma, and the correlation between BS and different types of glaucoma in different regions can be further clarified in future studies. Since causality may be related to race, MR studies are required in other ethnic groups.



Conclusion

To conclude, we performed a two-sample MR analysis. The size-related SNPs were used to study the effect of BS on the risk of glaucoma. Current research suggests increase of BMI and WC in BS might be risk factors of glaucoma. No causality was observed between WHRadjBMI and WHR and glaucoma risk. These novel findings can trigger glaucoma and can be utilized for the advancement and therapies for glaucoma in the future.
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