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The correlation between obesity and primary open-angle glaucoma (POAG) has not yet
been fully established. The aim of this study was to investigate the causal relationship
between obesity and POAG by a two-sample Mendelian randomization (MR) study. In this
study, body mass index (BMI), an index to evaluate general obesity, and waist and hip
circumference, indices to evaluate abdominal obesity, were selected as exposures in MR
analysis. Single-nucleotide polymorphisms (SNPs) were chosen as instrumental variables
(IVs). Summary data from genome-wide association studies (GWASs) based on a
European ancestry by Locke et al., with regard to BMI, and Shungin et al., with regard
to waist and hip circumference, were used. Genetic predictors of POAG were obtained
from public GWAS summary data. To assess the causal effect of obesity on POAG, the
inverse variance-weighted (IVW) method was used as the primary method, and other
methods, such as MR–Egger, weighted median, simple mode, and weighted mode, were
also used as complementary analyses. Finally, we performed Cochran’s Q statistic to
assess heterogeneity, and sensitivity analysis was performed to evaluate the reliability and
stability of the MR results. MR analysis showed that BMI has a positive effect on the risk of
POAG, with 1 standard deviation (SD) increase in BMI; the risk of POAG increases by
approximately 90.9% [OR = 1.909; 95% CI= (1.225, 2.975); p = 0.0042)] (analyzed by
IVW); there were no heterogeneity and pleiotropy in the result; and waist circumference
also had a positive effect on the risk of POAG [OR = 2.319; 95% CI= (1.071, 5.018); p =
0.033)] analyzed by weighted median. As hip circumference increases, with 1 SD increase
in hip circumference, the risk of POAG increases by approximately 119% [OR = 2.199;
95%CI= (1.306, 3.703); p = 0.00305)] estimated by IVW, there were not heterogeneity and
pleiotropy as for the result. Our study for the first time confirms that obesity might increase
the risk of POAG using two-sample MR analysis. These results might provide guidance on
the prevention and treatment of POAG.
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INTRODUCTION

Glaucoma is a leading cause of irreversible blindness worldwide
and is mostly characterized by the progressive loss of retinal
ganglion cells and their axons (Chang and Goldberg, 2012).
Among them, primary open-angle glaucoma (POAG) is the
most common type of glaucoma, affecting nearly 80 million
people worldwide (Petriti et al., 2021). At present, its
pathogenesis has not been fully elucidated, but it is well
known that multifactorial events are involved in the
development of POAG (Lichter, 2003; Jonas et al., 2017). In
addition to pathologically high intraocular pressure (IOP) (A.
Sommer et al., 1991), numerous risk factors, including genetic
factors (Rong et al., 2016), systemic diseases (Wostyn et al., 2017),
and environmental factors (B. Fan et al., 2004; Kountouras et al.,
2008), have been found to play an role in the pathogenesis of
POAG. As a complicated multifactor disease, clinical symptoms
are usually not obvious at an early stage, and visual function is
irreversibly damaged at onset (Gauthier & Liu, 2016). Therefore,
it is of great significance to actively explore the risk factors for
POAG development, which might promote earlier detection and
reduce its incidence.

Obesity is a major global public health problem, and its
incidence is on the rise in many countries (Y. Y. Wu et al.,
2017). According to World Health Organization statistics, the
prevalence of obesity (body mass index (BMI) ≥ 30 kg/m2) in the
United States is expected to soar to 50.7% by 2030 (Finkelstein
et al., 2012). Similarly, the rates of obesity in Europe and Asia
have increased exponentially in the last decade (Whitton et al.,
2017). Studies have shown that obesity has an extensive influence
on human health and is a risk factor for diabetes, coronary heart
disease, hypertension, and other diseases (Nagarajan et al., 2017).
Currently, there is little research on the correlation between
obesity and POAG, and it is still controversial whether obesity
represents a risk factor for POAG. In a prospective cohort study
in Korea, people with BMI ≥30 kg/m2 were more likely to develop
POAG than those with BMI of 18.5–22.9 kg/m2 (Jung et al.,
2019). Consistent with this result, a population-based study in the
United States reported that obesity (BMI ≥30 kg/m2) was
significantly correlated with the prevalence of glaucoma (Ko
et al., 2016). In contrast, based on a population study in
central India, a lower BMI was associated with a higher
prevalence of glaucoma (Nangia et al., 2013). These
controversial conclusions may be caused by different races, the
existence of confounders, and biases in previous studies.
Moreover, the genetic aspects might also have a role in the
pathogenesis. Thus, the association between BMI and POAG
remains unclear, and further research is warranted.

In traditional retrospective studies, confounders and biases
cannot be eliminated, and the time sequence of exposure and
outcome is often confused, which often leads to inconsistent and
controversial results (Talari & Goyal, 2020). Randomized
controlled trials (RCTs) are time-consuming and require a
large number of staff and finances; moreover, it is often not
ethical to conduct an RCT, so they are quite difficult to perform
(Serra-Aracil et al., 2020). To address the aforementioned issues,
Katan et al. (1986) introduced the concept of Mendelian

randomization (MR) in 1986. MR is an epidemiological
approach for investigating whether a causal effect exists
between exposures and outcomes by using genetic variants as
instrumental variables (IVs) (Yeung & Schooling, 2021). This
approach uses genetic variants that depend on strongly associated
single-nucleotide polymorphisms (SNPs) from genome-wide
association studies (GWASs) and makes use of the random
classification of alleles during gametogenesis, which is similar
to randomized clinical trials (Qu et al., 2021). As a hot research
tool in recent years, MR is not affected by common confounding
factors, and the causal sequence is reasonable (Burgess et al., 2019;
Skrivankova et al., 2021), which has unique advantages for
judging causal inference between exposure factors and
outcomes (Zhang et al., 2021).

The aim of this study was to explore the causal effect of obesity
on POAG by two-sample Mendelian randomization. To the best
of our knowledge, this was the first study to explore the causal
effect of obesity on POAG by Mendelian randomization.

MATERIALS AND METHODS

Study Design
In the present work, obesity-associated indices, including BMI,
waist circumference, and hip circumference, were chosen as
exposures (Figure 1). We chose SNPs associated with
exposure as IVs from GWAS summary datasets based on
individuals of a European ancestry. The GWAS summary data
published by Locke et al. (2015) with regard to BMI and Shungin
et al. (2015) with regard to waist and hip circumference were
adopted. Genetic predictors of POAG were obtained from public
GWAS summary data (https://gwas.mrcieu.ac.uk/datasets),
which were based on 1,824 POAG cases and 93,036 controls
of individuals of a European descent. Consequently, SNPs were
screened, and various statistical methods were used to assess the
causal effects of obesity on the risk of POAG.

Selection of Genetic Instrumental Variables
To evaluate the causal relationship between obesity (BMI, waist,
circumference, and hip circumference) and POAG, SNPs were
selected according to the following criteria: 1) SNPs highly
associated with obesity and significant according to GWAS
(p < 5.0 × 10−8); 2) SNPs independent of each other to avoid
biases caused by linkage disequilibrium (r2 < 0.0001/clumping,
distance >5,000 kb; SNPs were extracted as IVs for further
analysis); or 3) IVs could have an impact on the outcome only
through exposure. In a two-sample MR, it is necessary to ensure
that the affected allele of IVs in exposure and outcome between
different databases corresponds to the same allele. Thus, allele
frequency information was used to harmonize the data. The F
statistics of each SNP is usually used to judge whether there were
weak IVs. F statistics = R2 (n-k-1)/k (1-R2), where R2 is variance
of exposure explained by selected instrumental variables, n is the
sample size, and k is the number of instrumental variables (F. Wu
et al., 2020). When the F statistics ≥10, it is generally considered
that there were no biases caused by weak IVs. The details of the
SNPs used in this study are provided in Supplementary File S1.
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Statistical Analysis
The standard inverse variance-weighted (IVW) method was
applied to primarily analyze the causal relationships between
obesity (BMI, waist, and hip circumference) and POAG
(Brumpton et al., 2020; Park et al., 2021). This method
calculated the Wald ratio of each SNP to assess the causal
effects of each SNP on outcome, and finally, the inverse
variances of SNPs were used as weights for meta-analysis to
evaluate the combined causal effect. Furthermore, MR–Egger,
weighted median, simple mode, and weighted mode were also
used to evaluate the causal relationships between obesity (BMI,
waist circumference, and hip circumference) and POAG. The
MR–Egger method is used to assess whether genetic variants have
pleiotropic effects on the outcome and also to obtain a consistent
estimate of the causal effect (Burgess and Thompson, 2017). The
weightedmedian is used to obtain valid estimates if at least 50% of
the weight comes from valid variants (Luo et al., 2020). At last,
sensitivity analysis was performed to evaluate the stability and
reliability of MR results, including heterogeneity tested by
Cochran’s Q test and I2 statistics (a p-value of <0.05 or an I2

value of >50% were regarded as significant heterogeneity),
pleiotropy tested by using the MR–Egger intercept, and
sensitivity by using the leave-one-out test.

All statistical analyses were performed in R software (version
3.6.1) with the R package “Two sample MR” (version 0.5.6)
(Hemani G et al., 2018). P＜0.05 was considered statistically
significant. Moreover, the Benjamini–Hochberg method was used
to obtain the adjusted P values. Since publicly available summary
data were used in this study, the ethical approval was not
required.

RESULTS

Instrumental Variable Selection
To perform the MR analysis, significant and independent SNPs
were extracted, and those with an F-statistics < 10 were excluded.
Finally, a total of 31 BMI-related SNPs (the mean of F-statistics
was 89.22), 33 waist circumference-related SNPs (the mean of
F-statistics was 49.37), and 24 hip circumference-related SNPs
(the mean of F-statistics was 68.78) were selected for two-sample
MR analysis. All these SNPs are listed in Supplementary File S1.

The Causal Relationship Between Body
Mass Index and Primary Open-Angle
Glaucoma
The causal association between BMI and POAG assessed by two-
sample MR analysis is summarized in Figure 2. As the results
showed, BMI had a positive effect on the risk of POAG, with 1 SD
increase in BMI, and the risk of POAG increased by
approximately 90.9% [OR = 1.909; 95% CI= (1.225, 2.975);
p = 0.0042; adjusted P = 0.0065)] according to the IVW
method. The weighted median [OR = 2.294; 95% CI= (1.184,
4.442); p = 0.0138; adjusted P = 0.027)] also showed a similar
causal relationship between BMI and POAG. The sensitivity
analysis showed that there were no heterogeneities (Q-value =

24.20; p = 0.72; I2 = 11.96%) and no directional pleiotropies
(MR–Egger intercept = −8.255 × 10−4; SE = 0.0151; p = 0.957).
Moreover, the leave-one-out test showed that theMR results were
not significantly affected by single SNP leave-out (Figure 3),
indicating that the results were reliable and stable.

The Causal Relationship Between Waist
Circumference and Primary Open-Angle
Glaucoma
We further investigated the relationship between waist
circumference and the risk of POAG by MR analysis
(Figure 2). The results showed that there was a null causal
effect of waist circumference on the risk of POAG [OR =
1.647; 95% CI= (0.671, 4.045); p = 0.276; adjusted P= 0.228)]
analyzed by using the IVW method, while the weighted median
showed a positive effect [OR = 2.319; 95% CI= (1.02, 5.25); p =
0.044; adjusted P = 0.0438)]. Since there was heterogeneity
(Q-value = 15.89; p = 0.036) and a lack of directional
pleiotropy (MR–Egger intercept = −0.0759; SE = 0.063; p =
0.271), according to Nazarzadeh et al. (2020), MR results
analyzed by weighted median were adopted, indicating that
the waist circumference has a positive effect on the risk of
POAG. With 1 SD increase in hip circumference, the risk of
POAG increased by approximately 132%. The leave-one-out test
is illustrated in Figure 4.

The Causal Relationship Between Hip
Circumference and Primary Open-Angle
Glaucoma
Finally, we explored the causal relationship between hip
circumference and POAG. The MR results are shown in
Figure 2. The results of IVW showed that hip circumference
had a positive effect on the risk of POAG, with 1 SD increase in
hip circumference, and the risk of POAG increased by
approximately 119% [OR = 2.199; 95% CI= (1.306, 3.703); p =
0.00305; adjusted P = 0.00645)]. The weighted median results also
confirmed this relationship [OR = 2.470; 95% CI= (1.167, 5.230);

FIGURE 1 | Diagram of two-sample Mendelian randomization analysis.
Assumption 1: The SNPs should be associated with POAG. Assumption 2:
The selected SNPs should be independent of confounders. Assumption 3:
The SNPs should affect POAG only via obesity rather than via a direct
correlation.
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FIGURE 2 | Summary of Mendelian randomization analysis results of the cause of obesity on POAG. BMI: body mass index; IVW: inverse variance weighted;
POAG: primary open-angle glaucoma; MR: Mendelian randomization.

FIGURE 3 | Leave-one-out analysis plots for BMI on the risk of POAG. BMI: body mass index; POAG: primary open-angle glaucoma; MR: Mendelian
randomization.
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p = 0.018; adjusted P = 0.027)]. To assess the stability and
reliability of these results, a sensitivity analysis was performed.
The heterogeneity test showed that there were no heterogeneities
(Q-value = 27.957; p = 0.217 and I2 = 31.5%), and the directional
pleiotropies tested by using the MR–Egger intercept also showed
that there were no pleiotropies (MR–Egger intercept = 6.417 ×
10−3; SE = 0.0261; p = 0.808). Finally, the leave-one-out test
indicated that the MR results were stable and were not
significantly affected by single SNP leave-out (Figure 5).

DISCUSSION

Primary open-angle glaucoma is the most common type of
glaucoma (Yuan et al., 2013). The early clinical manifestations
are almost insidious, and visual function may be irreversibly
damaged at onset (Song et al., 2018). Therefore, proactively
identifying the risk factors for POAG has become the central
point of POAG prevention. With the improvement of living
conditions and changes in diet and lifestyles, overweight and
obesity have become health issues that cannot be ignored and
that pose a threat to the growth of adolescents globally (Reddy &
Natarajan, 2011). However, whether obesity is a risk factor for
POAG is still unclear; thus, it is important to clarify the relationship
between obesity and POAG, which could provide guidance on the
prevention and treatment of POAG in people with obesity.

Generally, obesity can be classified as general obesity, which is
judged by BMI, and abdominal obesity, which is judged by waist
circumference, hip circumference, or waist-to-hip ratio (WHR)
(“Obesity: Preventing andManaging the Global Epidemic. Report
of aWHOConsultation”; World Health Organization, 2000). It is
widely acknowledged that obesity is a risk factor for many
diseases, such as coronary atherosclerotic heart disease,
hypertension, and diabetes (I. Sommer et al., 2020). To date,
there are limited studies with regard to the relationship between
obesity and POAG. The study performed by Wise et al. (2011)
with 416,171 person-years of follow-up showed that BMI, waist
circumference, and waist-to-hip ratio were significantly
associated with POAG. Many other studies have also
confirmed this conclusion. According to the available data,
high intraocular pressure is a clear risk factor for glaucoma.
Mori et al. (2000), who studied the relationship between obesity
and intraocular pressure by cross-sectional and longitudinal
analyses in Japan, showed that with the increase in BMI, the
intraocular pressure also increased significantly. However,
conversely, a study performed by Na et al. (2020) showed that
being underweight was significantly related to an increased risk of
POAG, with approximately 9.8 and 27.8% in individuals with and
without diabetes, respectively. The causal relationship between
obesity and POAG is still controversial and might be attributed to
the differences in the selected cohort, different definitions or
categories of diseases, or differences in follow-up periods. Thus,

FIGURE 4 | Leave-one-out analysis plots for waist circumference on the risk of POAG. POAG: primary open-angle glaucoma; MR: Mendelian randomization.
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the correlation between obesity and POAG has not yet been fully
established, and many previous studies were retrospective studies
in which confounders could not be eliminated, so more studies
should be performed, and much evidence should be collected to
clarify this relationship.

In traditional observational epidemiological studies,
confounders often interfere with the results, which makes
the explanation of etiology unreliable. Mendelian
randomization is an epidemiological research design and
data analysis based on Mendelian independent distribution
law, which is an unbiased estimation of causal effects (Shiose
and Kawase, 1986; Smith and Ebrahim, 2003; Howe et al.,
2020). In addition, the MR model of aggregated data takes
GWAS based on a large sample as the dataset. Compared with
models with small samples based on individual data, the
acceptance of large samples greatly improves the inspection
performance (Q. Fan et al., 2017; Lawlor et al., 2008). In this
study, regardless of whether the choice of IVs was related to
exposure or POAG as the outcome, the data used were from
published large-scale GWAS data, and the results were more
accurate, reliable, and convincing. In the present work, to
comprehensively assess the causal effect of obesity on POAG,
BMI, waist circumference, and hip circumference were
selected as exposures to perform MR analysis. Our study
demonstrated that BMI, waist circumference, and hip
circumference have positive effects on the risk of POAG

{[OR = 1.940; 95% CI= (1.249, 3.013); p = 0.00317)], [OR =
2.319; 95% CI=(1.071, 5.018); p = 0.033)], and [OR = 2.199;
95% CI=(1.306, 3.703); p = 0.00305)], respectively}. The causal
relationships between BMI, hip circumference, and POAG
were primarily analyzed by using the IVW method, and the
sensitivity analysis revealed that there were no heterogeneities
or pleiotropies. However, the causal association between waist
circumference and POAG assessed by IVW suggested a null
result. Since there was pleiotropy presence, the results
analyzed by weighted median were adopted according to a
previous study and showed a positive effect on POAG. This
might be attributed to the database used in this study, and this
result should be interpreted cautiously.

At present, there are some hypotheses about the mechanisms
of how obesity increases the risk of POAG. On the one hand, too
much adipose tissuemight increase the pressure of the scleral vein
and blood viscosity, improve the outflow resistance in the scleral
vein, and cause a decrease in intraocular blood perfusion (Bulpitt
et al., 1975). On the other hand, endocrine disorders in obese
patients could lead to an increase in androgen, making the
oxidative stress level in the body significantly higher than that
in normal people; this, in turn, increases the possibility of
oxidative damage in the outflow system of aqueous humor,
such as trabecular meshwork, and blocks the outflow channel
of aqueous humor, which significantly increases the risk of POAG
(Oh et al., n. d.; Zarei et al., 2017).

FIGURE 5 | Leave-one-out analysis plots for hip circumference on the risk of POAG. POAG: primary open-angle glaucoma; MR: Mendelian randomization.
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Our study has some strengths: 1) We first assessed the causal
relationship between obesity and POAG byMR analysis, in which
confounders and biases could be largely eliminated. 2) BMI, waist
circumference, and hip circumference were chosen as exposures
to perform two-sample MR, which could comprehensively
evaluate these causal effects. There were also some limitations
in this study: 1) The two-sample MR analysis was based on a
European ancestry, and this relationship might change in
individuals of other ancestries; a two-sample MR analysis of
individuals of at least one other ancestry should also be
performed. 2) This study, which uses only summary statistics
for MR analysis, could make only a preliminary judgment on the
causal relationship between obesity and POAG, and the specific
mechanisms of how obesity increases the risk of POAG still need
further research.

In conclusion, our principal findings revealed that genetically
predicted BMI, waist circumference, and hip circumference were
related to the risk of POAG. To our knowledge, the present study
performed a two-sample MR study for the first time to investigate
the causal effect of obesity on POAG. To the best of our
knowledge, this was the first study to investigate the causal
effect of obesity on POAG, and our results further confirmed
that obesity could increase the risk of POAG, which might
provide guidance on the prevention and treatment of POAG.
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