
www.aging-us.com 1 AGING 

INTRODUCTION 
 

Senile cataracts are the most common diseases that 
cause temporary or permanent blindness [1]. It affects 
about 21% of the global population [2]. With economic 

growth and an aging population, the number of blind 
people is increasing [2, 3]. Although it is a treatable 

disease, the socioeconomic effects of cataract surgery 
and the psychological burden on patients after surgery 

are enormous [3]. Since there is no consensus manual 
for preventing senile cataracts, preventing disease 
progression effectively remains challenging. Several risk 

factors have been reported to accelerate the development 
of senile cataracts. Among them, the induction of uveitis 
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ABSTRACT 
 

Iridocyclitis and the use of glucocorticoid medication have been widely studied as susceptibility factors for 
cataracts. However, the causal relationship between them remains unclear. This study aimed to investigate the 
causal relationship between the development of iridocyclitis and the genetic liability of glucocorticoid medication 
use on the risk of senile cataracts occurrence by performing Two-sample Mendelian randomization (MR) analyses. 
Instrumental variables (IVs) significantly associated with exposure factors (P < 5 × 10-8) were identified using 
published genome-wide association data from the FinnGen database and UK Biobank. Reliability analyses were 
conducted using five approaches, including inverse-variance weighted (IVW), MR-Egger regression, simple 
median, weighted median, and weighted mode. A sensitivity analysis using the leave-one-out method was also 
performed. Genetic susceptibility to glucocorticoid use was associated with an increased risk of developing senile 
cataracts (OR, 1.10; 95% CI, 1.02-1.17; P < 0.05). Moreover, iridocyclitis was significantly associated with a higher 
risk of developing senile cataracts (OR, 1.03; 95% CI, 1.01-1.05; P < 0.05). Nonetheless, some heterogeneity in the 
IVs was observed, but the MR results remained consistent after penalizing for outliers. The estimates were 
consistent in multivariate analyses by adjusting for body mass index (BMI) and diabetes mellitus type 2 (T2DM). 
This study provides new insights into the prevention and management of senile cataracts by highlighting the 
increased risk associated with iridocyclitis and the use of glucocorticoids. 
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and the use of cortisol hormones have attracted the 
attention of many researchers [1, 3–5]. 

 
Iridocyclitis, the most common type of uveitis,  
produces inflammation involving the iris and ciliary  

body in the anterior part of the uvea [6, 7]. The incidence 
and prevalence of elderly patients are the highest [7]. 

Cataracts and elevated eye pressure often complicate it 
[8]. Cortisol, the most widely used of glucocorticoids,  
is the most preferred option for treating iridocyclitis [9–

11]. Classical studies have shown that glucocorticoids 
induce cataracts while eliminating inflammation [11, 12]. 
However, some contradictory points still emerged in  

the recent cohort study. Active inflammation was more 
likely to lead to cataracts than corticosteroid use [13]. 

Long-term follow-up revealed that cortisol doses were 
used in greater amounts in eyes that did not develop 
cataracts [13]. Conflicts may arise due to bias caused by 

unadjustable confounding factors in the observed data. 
Therefore, the role of glucocorticoid use and iridocyclitis 
inflammation in cataract induction remains to be 

investigated. Although prospective randomized clinical 
trials (RCT) are the criterion for the inference of cause 

and effect [14], trials are complicated to conduct due  
to the fact that assessing the impact of drug use often 
coincides with the inflammatory effects of the disease. 

 
Mendelian randomization (MR) is a method for 
evaluating the causality of risk factors on the disease by 

using genetic variants as instrumental variables (IVs) to 
substitute risk factors [15]. Because genetic variants are 
randomly assigned at conception, potential confounding 

factors are avoided. Concurrently, MR minimizes the 
risk of reverse causality on account of the assignment  

of single nucleotide polymorphic alleles prior to the 
onset of meiosis [16, 17]. MR plays an essential role in 
the inference of causality when RCT is impractical to 

achieve [18]. 
 
Consequently, in this study, we designed a two-sample 

MR analysis. Summary data on self-reported use of 
prescribed glucocorticoids from the UK Biobank (UKB) 

[19], and iridocyclitis and senile cataract data from  
the FinnGen database were used to conduct univariable 
MR (UVMR) analyses and multivariate MR (MVMR) 

analyses to investigate the potential causal relationship 
between genetic liability for glucocorticoids and 
iridocyclitis, respectively, for senile cataract. 

 

RESULTS 
 

Instrument variables 

 

In total, 19 SNPs were included as instrument variables 
(IVs) for iridocyclitis and 21 independent SNPs as  
IVs for glucocorticoid medication use (Supplementary 

Tables 1, 2). There was no weak instrumental variation 
because the f-statistic values of the SNP selected in  

the MR analysis were more than 100 (Supplementary 
Tables 1, 2). We found no reverse causality SNPs using 
steiger filtering analysis, indicating that the causal 

relationships obtained based on IVs are reliable. MR-
PRESSO detected an SNP (rs6941966) with a potential 

pluripotent outlier in the IVs used for iridocyclitis and 
deleted it. The MVMR analyses used a total of 729 IVs. 
We performed fitting regularized regression models and 

identified 695 genetic variants as valid instruments. 
Only valid genetic variants were used to estimate causal 
effects using standard IVW. 

 
UVMR analysis 

 
The results of the univariate analysis showed that  
the development of iridocyclitis (IVW OR, 1.03; 95% 

CI, 1.01-1.05; P < 0.05) and the use of glucocorticoids 
(IVW OR, 1.10; 95% CI, 1.02-1.17; P < 0.05) both 
increase the risk of developing senile cataracts. All MR 

analyses were generally consistent (Figure 1). 
 

Afterward, we performed a series of sensitivity and 
pleiotropy analyses. The MR-Egger intercept test showed 
no significant pleiotropy (Supplementary Figures 1, 2). 

We also did not find outliers in the Leave-One-Out 
sensitivity analysis (Figure 1). Meanwhile, Cochran’s  
Q test indicated that IVs associated with using prescribed 

glucocorticoid analogs were not heterogeneous in both 
IVW and MR_egger models. It is unfortunate that for the 
MR analysis of iridocyclitis and cataract, Cochran’s  

Q test found heterogeneity in IVs (Table 1). 
 

Although the weighted median model is the superior 
model for inferring causality, in this case, suggesting 
that the results are still statistically significant, we  

still choose to penalize the outliers. Since the p-value  
in the intercept test was insignificant and the p-value  
in Cochran’s Q test was greater than 0.05, we inferred 

the existence of balanced pleiotropy [20]. Balanced 
pleiotropy means that the pleiotropic effects of genetic 

instruments are balanced around the overall effect  
[20]. To ensure the reliability of the results, we used  
the Mendelian randomization R package to penalize 

abnormal IVs causing heterogeneity and perform a 
more robust regression analysis in IVW and MR-Egger 
analysis. After penalizing the abnormal values, all  

MR analyses showed a significant causal relationship 
between iridocyclitis and senile cataract (Table 2). 
 

MVMR analysis 

 

In multivariate analyses, iridocyclitis attenuated  
the genetic liability for the development of senile 
cataracts (Figure 2) whereas prescription glucocorticoid 
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medications enhanced the genetic liability for the 
development of senile cataracts (Figure 2). We first 

adjusted for common risk factors associated with 
senile cataract for UVMR to identify that body mass 
index (BMI) induces senile cataract development and 

that diabetes mellitus type 2 (T2DM) mellitus 
similarly increases the risk of senile cataract 

development (Supplementary Figure 3). The Egger 
intercept indicates no horizontal polytropy in the 
MVMR analysis (P > 0.05). 

 

 
 

Figure 1. Scatterplot and leave-one-out analysis of iridocyclitis and glucocorticoid on the risk of developing senile cataracts. 
IVs indicating age-related cataract were plotted against 2 mutually independent samples showing glucocorticoid use and iridocyclitis for MR 
analysis and sensitivity analysis. (A) Scatter plot illustrating the association between iridocyclitis and senile cataracts; (B) show leave-one-out 
analysis plot of iridocylitis on senile cataracts; (C) scatter plot illustrating the association between glucocorticoid use and senile cataracts;  
(D) show leave-one-out analysis plot of glucocorticoid use on senile cataracts; each point in the scatter plot (A, C) represents the IV, the lines 
on the IVs represent confidence intervals in the vertical and horizontal directions, and the horizontal and vertical coordinates represent the 
effect of the IVs on exposure and outcome, respectively. The different colored lines in the figure indicate the fitting effect of different 
methods on MR results. Leave-One-Out sensitivity analysis (B, D). Each black point represents the estimate of iridocyclitis and glucocorticoid 
medication use level on senile cataracts after the corresponding single nucleotide polymorphism (SNP) was excluded. MR, Mendelian 
randomization; IVs, instrumental variables. 
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Table 1. Results of MR postoperative heterogeneity and polymorphism analysis. 

 
 Heterogeneity Pleiotropy 

Method Q_df Q_pval Egger_intercept pval 

Glucocorticoiden 
MR Egger 19 0.12350969 — — 

IVW 20 0.06905899 -0.01963879 0.1134135 

Iridocyclitis 
MR Egger 17 0.01550132 — — 

IVW 18 0.02138715 -0.002578342 0.744869 

Q df, Q statistic degrees of freedom; Q P-value, Q statistic P-value; pval, P-value of global test; 
IVW, inverse-variance weighted. 

 

Table 2. MR analysis of iridocyclitis and senile cataracts in the presence and 
removal of abnormal values. 

MR analysis of heterogeneity 

Method Estimate Std 95% CI P-value 

IVW 0.031 0.011—0.051 0.003 

MR-Egger 0.035 0.004—0.066 0.026 

(intercept) -0.003 -0.018—0.013 0.741 

Weighted median 0.028 0.009—0.048 0.005 

MR analysis of heterogeneity after penalization 

Method Estimate Std 95% CI P-value 

Penalized robust IVW 0.031 0.016—0.046 0.000 

Penalized robust MR-Egger  0.034 0.014—0.054 0.001 

(intercept) -0.002 -0.016—0.012 0.779 

Penalized weighted median 0.028 0.008—0.048 0.005 

MR, Mendelian randomization; IVW, inverse-variance weighted; Estimate Std, Estimate 
standard deviation; 95% CI, 95% Confidence interval. 

 

DISCUSSION 
 

In the present study, we investigated the potential  

causal relationship between prescription glucocorticoid 

medications and iridocyclitis in senile cataract. We 
concluded, in agreement with most previous studies, 
that the use of prescription glucocorticoids and the 

development of iridocyclitis are both risk factors for 
 

 
 

Figure 2. Forest plot of MVMR analysis of senile cataracts after adjusting for risk factors taking into account iridocyclitis and 
prescription glucocorticoid drug use. The causal effect of iridocyclitis, prescription glucocorticoid medications, BMI and T2D on the risk 
factors of senile cataract based on the multivariate analyses. Error bars represent 95% confidence intervals CI, confidence interval; OR, odds 
ratio; SNPs, single-nucleotide polymorphisms. 
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the development of senile cataract disease. When 
iridocyclitis was considered alongside glucocorticoid 

medication use in MVMR analyses, controlling for 
confounders, the genetic liability for inflammation and 
medication use remained associated, with a diminished 

genetic liability for inflammation and an enhanced 
genetic liability for medication use. 

 
Several previous observational studies have shown that 
iridocyclitis predisposes to cataracts, especially for senile 

cataracts, where complications can be more complex [1, 
13, 21–23]. Nevertheless, it is challenging to separate 
inflammation from confusion in the observational 

analysis. Lotti et al. designed a trial in which 80% of  
the patients were treated with glucocorticoids [24]. 

Inadequate sample size and recall bias weakened the 
reliability of the study conclusions [13]. There is 
evidence in our findings that iridocyclitis can be a risk 

factor for cataract development. The five MR analyses 
showed that iridocyclitis and senile cataracts were 
consistent in magnitude and direction and that the  

MR-Egger intercept was close to 0, indicating a lack  
of pleiotropy. The physiological mechanisms by which 

iridocyclitis promotes the development of senile cataracts 
are still unclear. Recurrent episodes of iridocyclitis may 
lead to a decrease in aqueous pH, which disrupts the 

epithelial Na+/K+ ATP enzyme pump and leads to 
increased lens permeability [24, 25]. It has also been 
reported that uveitis can lead to cataract formation by 

oxidation due to exposure to subpopulations of lens 
proteins [26]. In our experiments, we used PhenoScanner 
to query the mutants’ corresponding proteins, then 

searched for protein annotations in the Uniport data-
base and checked 20 SNPs as tool variables. Our  

results revealed that the SKIV2L gene corresponding  
to rs114969413, the ERAP1 gene corresponding to 
rs2549803, the PRRC2A corresponding to rs3993757, 

and the HLA-DPB1 gene corresponding to rs9277557 
are all closely associated with the inflammatory process, 
which further demonstrates that the inflammatory 

process of iridocyclitis is one of the important factors 
leading to cataract development [27–30]. This is a 

special contribution to explain the mechanism of 
cataracts caused by iridocyclitis. 
 

As for glucocorticoids, it has been used to  
treat eye diseases for almost 50 years. Glucocorticoids 
lead to therapeutic and side effects by converting  

the glucocorticoid receptor in the cytoplasm to a 
conformationally released activating or inhibiting 
signal. H Nida Sen et al. researchers designed the trial 

13.8% of the 914 patients who received periocular 
injections were treated with cataract surgery during the 

follow-up period [31]. Jick et al. also found that with 
the increased use of inhaled glucocorticoid prescription 
drugs, individuals over the age of 40 were more likely 

to develop cataracts, while for younger individuals, the 
rate of increased risk was not significant [32]. This is 

consistent with our view that the use of glucocorticoid 
prescription therapy drugs can increase the risk of  
senile cataract development. Since glucocorticoids are 

routinely used for the treatment of iridocyclitis, we 
performed MVMR analyses. Firstly, after elimination  

of multiple covariates, the results suggest that bias due 
to inflammation on the outcome is unlikely in the 
current study. Secondly, the genetic variants used in this 

study only predicted genetic susceptibility to drug use, 
which results reminds us that the potential risk of drug 
use on the development of senile cataracts should be 

considered in clinical use even for therapeutic doses. 
There are many hypotheses regarding the mechanism of 

action of glucocorticoids causing cataracts, including 
the inhibition of the Na+/K+ pump leading to the 
aggregation of lens proteins [33] and the occurrence of 

glucocorticoid-lens protein conjugates leading to sub-
capsular clouding [34]. Also, the risk of glucocorticoid-
induced senile cataract development may be related  

to intraocular penetration, treatment volume, and treat-
ment duration. One study has shown that inhaled 

glucocorticoid use for more than two years increases the 
risk of cataract development [35]. Another study found 
the development of cataractous lens clouding even after 

reducing the use of glucocorticoids. It is interesting to 
note that further damage to the crystal can be prevented 
when the drug is discontinued [36]. Clarifying the  

risk of glucocorticoid use for the development of  
senile cataracts has positive implications for clinical 
prevention efforts. 

 
Our innovative research has several advantages. We used 

the largest sample size for GWAS data analysis, and the 
larger the sample size, the more accurate the results. A 
complementary MR approach was used to evaluate MR 

analysis violations of assumptions. We also set strict 
thresholds to maximize the reliability of the IVs. There 
are also some limitations in our study. There are also 

some limitations in our study that need to be treated with 
caution. Firstly, we only studied European populations, 

and our findings should be interpreted cautiously for 
other populations. Secondly, we did not classify the 
timing and mode of drug use and only described the 

genetic liability of drug use in relation to senile cataracts. 
Future genetic studies will use more detailed information 
on drug use to strengthen causal inferences. 

 

MATERIALS AND METHODS 
 

Study design 

 

The study used all publicly available summary-level 
data and did not require additional institutional review 
board ethical approval. The study design satisfies the 
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three assumptions of MR: (i) the instrument variables 
(IVs) are strongly associated with the outcome; (ii) the 

genetic IVs are independent of confounders; (iii) the 
genetic IVs affect senile cataract only through their 
effect on exposure and not through an alternative causal 

pathway (Figure 3). 
 

Study populations 

 
Summary data on the use of glucocorticoids were 

obtained from a genome-wide association research 
(GWAS) analysis study of self-reported drug use  
in the UKB [19]. A total of 502,616 people were 

included in this study, including about 54% of the 
female participants, but the number of women taking the 

drug increased with age. We cataloged the drugs by 
effective component using an anatomical therapeutic 
chemical classification system. Glucocorticoids included 

in the study consisted of Beclomethasone Dipropionate, 
Fluticasone Propionate, Budesonide, Mometasone, 
Betamethasone, Triamcinolone, and Flunisolide. We also 

used summary data of 3622 individuals with iridocyclitis 
in the FinnGen database, including 2019 female and 

1603 male patients. The classification criteria for the 
case data of patients with iridocyclitis included in the 
study were derived from the International Classification 

of Disease-10 (ICD-10). Some of the iridocyclitis patient 
categories include diseases of the iris and ciliary body 
classified elsewhere: ankylosing spondylitis, tuberculosis, 

herpes zoster, tuberculosis, syphilis (secondary), herpes-
viral (herpes simplex) infection, and gonococcal 
infection. Other patients with iridocyclitis include acute 

and subacute iridocyclitis chronic iridocyclitis, lens-
induced iridocyclitis, and other iridocyclitis. Data were 

adjusted for age, sex, and the top 10 genetic principal 
components. FinnGen data from 26758 individuals were 
used for the outcome data, excluding individuals with 

ambiguous sex, high genotypic deletions (> 5%), and 
excessive heterozygosity (±4 SDs). Geriatric cataract 
cases were defined by H25 in ICD-10), FinnGen  

ICD-8 37402 cases. IVs for BMI were derived from  
a meta-analysis of 681,275 individuals of European 

ancestry by Genetic Investigation of Anthropometric 
Traits (GIANT) [37]. Information on genetic factors 
related to T2DM was obtained from the Diabetes 

Genetics Replication and Meta-analysis (DIAGRAM) 
consortium [38]. 
 

Sample independence 

 
Overlap of exposure and outcome samples  

may lead to outcome bias and inflated type I  
error rates [39]. The analysis of glucocorticoid drug  

use was derived from two different cohort studies, 
avoiding the effect of sample overlap. Since the sample 
overlap between iridocyclitis and senile cataract was 

<10% and the strength of the IVs for iridocyclitis  
was considered strong (F>100), weak instrumental  

bias and inflation of the type I error rate were not 
expected [39]. 
 

Selection of genetic IVs 

 

To ensure the reliability of the results, the IVs were 
selected to satisfy the three assumptions of the 
Mendelian analysis [40]. First, we set a relatively  

strict threshold of P (P < 5 × 10-8). Independent IVs  
can be singled out using Linkage disequilibrium (LD) 
(r2 < 0.005). We used LDlink to find a proxy single 

nucleotide polymorphism (SNP) if the SNP was 
unavailable (https://ldlink.nci.nih.gov/). Secondly, we 

calculated the F-statistic for each SNP to exclude the 
effect of weak IVs on the results of F-statistics > 10. 
Thirdly, according to Mendel’s third hypothesis, we 

removed IVs that were significantly expressed in the 
results and deleted SNP with mutation frequencies 
greater than 1% after testing the allele frequencies of  

all SNP. To exclude outliers from the data, we used 
MR-pleiotropy residual sum and outlier (MR-PRESSO) 

prior to MR analysis (Figure 4). 
 
Statistical analysis 

 
The study was analyzed in R (version 0.5.2)  
using TwoSampleMR and MendelianRandomization  

R package in the MR-Base platform. We used five 
reliability analysis methods: Inverse inverse-variance 
weighted (IVW), MR-Egger regression, simple median, 

weighted median, and weighted mode. 
 

In UVMR, the IVW analysis method is valued for us. 
IVW uses an inverse weighting approach to calculate 
estimates of specific ratios for each of the IVs [41]. 

However, since IVW is susceptible to horizontal 
pleiotropy or invalid IVs, the MR-Egger method is used 
to complement the IVW result [42, 43]. MR-Egger is to 

allow all IVs to have a directed multiplicity of effects 
[44]. It applies InSIDE, assuming all IVs are invalid. So, 

it tends to cause a loss of power [41]. We also used the 
other three median-based measures and thought that over 
half of the IVs were valid to provide a precise causal 

estimate [44]. When the multiplicity of IVs was not 
present, often, the three models provided consistent 
estimates [45]. Later we used the Q statistic to calculate 

the heterogeneity and directional pleiotropy of IVs. If 
there were directional pleiotropy in the IVs, we would 
use MR-PRESSO for screening. When outliers cannot 

be eliminated, the causal inference role of the weighted 
median model should be emphasized because it has 

slightly lower estimation accuracy but is inherently 
robust to heterogeneous outliers [46]. We also use funnel 
plots and scatter plots for visualization. Leave-One-Out 

https://ldlink.nci.nih.gov/
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Figure 3. Three assumptions about glucocorticoid medication use, senile cataract and iridocyclitis in this Mendelian 
randomization study. (i) The instrument variables (IVs) are strongly associated with iridocyclitis and glucocorticoid medication use; (ii) the 
genetic IVs are independent of confounders; (iii) the genetic IVs affect senile cataract only through their effect on iridocyclitis and 
glucocorticoid medication use, and not through an alternative causal pathway. 

 
 

 
 

Figure 4. Flowchart of instrumental variables (IVs) screening. GWAS, genome-wide association study; MR, Mendelian randomization; 
SNP, single nucleotide polymorphism; IVs, instrumental variables. 
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Table 3. Power (two-sided α=0.05) for conventional Mendelian randomization analysis. 

Exposure 
Actual N (senile 

cataracts -GWAS) 

Proportion of cases (senile 

cataracts -GWAS) 

Observational 

OR 

R2 of 

instrument 

Power at 

actual N 

Glucocorticoiden 216362 0.14 1.10 0.34 1.0 

Iridocyclitis 216362 0.14 1.03 0.32 0.7 

R2, coefficient of determination of exposure on genetic variants; OR, odds ratio. 

 
sensitivity analysis was performed to determine  
the effect of each SNP on the outcome. We  
calculated statistical efficacy using an online calculator 

(https://sb452.shinyapps.io/power) with a significance 
level of 0.05 [47]. The efficacy of the IVs related  
to glucocorticoid medication use was 100% and the 

efficacy of the IVs related to the iridocycline was 
72.3%, which had a small impact on the results as the 

F-values of the IVs were all greater than 100, and the 
results of these calculations are shown in Table 3. 
 

For MVMR analyses, we simultaneously considered the 
effects of iridocyclitis with prescription glucocorticoid 
medication use and corrected for risk factors. We 

performed SNP extraction for each GWAS to construct 
IVs, and the screening criteria were consistent with those 

used for univariate analyses. We removed related and 
duplicate SNPs (within 10 000 kilobase pairs; R2 ≥0.001). 
In order to eliminate correlations (multicollinearity) 

between exposure factors to make the outcomes more 
precise, we used LASSO regression analyses to screen  
for valid IVs and then applied the MVMR extension of 

the inverse variance weighted MR method. The MVMR 
extension of the MR-Egger method was used to correct 

for measured and unmeasured pleiotropy. 
 

We identify a causal relationship between iridocyclitis, 
glucocorticoid drug use, and senile cataract. The results 
contribute to a better understanding of the role of 

iridocyclitis and glucocorticoid medication use in cataract 
progression and are informative for future selection of 
therapeutic agents. 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. Scatter plot of the effect of iridocyclitis on cataracts. Each black point represents a SNP, plotted by the 
estimate of SNP on iridocyclitis and the estimate of SNP on the risk of cataracts. MR, Mendelian randomization; SNP, single nucleotide 
polymorphism. 
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Supplementary Figure 2. Scatter plot of the effect of iridocyclitis on cataracts. Each black point represents a SNP, plotted by the 
estimate of SNP on glucocorticoid medication use and the estimate of SNP on the risk of cataracts. MR, Mendelian randomization; SNP, 
single-nucleotide polymorphism. 
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Supplementary Figure 3. Scatter plots for MR analyses of BMI and T2D on BMDs. Scatter plots for MR analyses of the causal effect 
of BMI (A) and T2D (B) on BMDs. The slope of the straight-line fitting of the scatterplot shows the magnitude of the causal relationship. 
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Supplementary Tables 
 
 

Supplementary Table 1. Instrumental variables indicating iridocyclitis. 

SNP 
Effect allele 

exposure 

Other allele 

exposure 

Beta 

exposure 

Eaf 

exposure 
Chr Pos Se exposure 

Pval 

exposure 

Pos 

exposure 

Sample size 

exposure 

rs114969413 A G 0.4953 0.0314 6 31925679 0.0731 1.21E- 11 31925679 212909 

rs12660597 G A 0.3172 0.1678 6 33847531 0.0336 3.60E-21 33847531 212909 

rs16891359 C T 0.2063 0.1763 6 26149000 0.0337 9.51E- 10 26149000 212909 

rs17206617 G A 1.9456 0.08176 6 31378640 0.0521 1.00E-200 31378640 212909 

rs181316459 C G 0.4647 0.04744 7 5473610 0.0614 3.84E- 14 5473610 212909 

rs2549803 T C -0.1798 0.3345 5 96174929 0.0261 5.35E- 12 96174929 212909 

rs3104418 A G 0.3316 0.373 6 32581021 0.0262 8.09E-37 32581021 212909 

rs34119722 C G 0.3548 0.05313 6 24095141 0.0553 1.42E- 10 24095141 212909 

rs3871467 A G 0.3053 0.4428 6 29677249 0.025 3.27E-34 29677249 212909 

rs3993757 T C 1.0594 0.02452 6 31590746 0.0869 3.53E-34 31590746 212909 

rs62392759 A C 0.2194 0.1349 6 25804685 0.036 1.10E-09 25804685 212909 

rs62443225 A G 0.282 0.07947 7 5482137 0.047 1.95E-09 5482137 212909 

rs74853132 T C 0.5203 0.03314 6 35537065 0.0714 3.06E- 13 35537065 212909 

rs7772289 T G -0.246 0.6169 6 28674322 0.0258 1.75E-21 28674322 212909 

rs77831243 C T 0.5103 0.02366 6 25170013 0.0846 1.62E-09 25170013 212909 

rs879882 C T -0.1768 0.6175 6 31139452 0.0259 8.05E- 12 31139452 212909 

rs9277557 C T 0.2541 0.1959 6 33056694 0.0313 4.92E- 16 33056694 212909 

rs9295932 G A 0.4282 0.2564 6 30870463 0.029 3.17E-49 30870463 212909 

rs9468364 A T 0.9406 0.07333 6 28355711 0.0508 1.52E-76 28355711 212909 

 
SNP Beta outcome Eaf outcome Se outcome Samplesize outcome Pval. Outcome r2 F 

rs114969413 0.0813 0.03145 0.033 216362 0.01359 0.002894308 628.0301746 

rs12660597 -0.0052 0.168 0.0155 216362 0.7358 0.012110881 2652.433538 

rs16891359 0.0031 0.1763 0.016 216362 0.8486 0.005113301 1111.999876 

rs17206617 0.0531 0.08178 0.0211 216362 0.0119501 0.110092521 26766.39796 

rs181316459 -0.0394 0.04743 0.0283 216362 0.1628 0.004293294 932.9024143 

rs2549803 0.0111 0.3345 0.0122 216362 0.3652 0.008333787 1818.251013 

rs3104418 0.0239 0.3728 0.0123 216362 0.0513902 0.0274816 6113.939759 

rs34119722 0.0458 0.05314 0.0258 216362 0.0764892 0.003428619 744.3682041 

rs3871467 0.0206 0.443 0.0118 216362 0.0809599 0.026831241 5965.262618 

rs3993757 0.105 0.02455 0.0369 216362 0.00438904 0.007842602 1710.238163 

rs62392759 -0.0174 0.1349 0.017 216362 0.3043 0.004745902 1031.719715 

rs62443225 -0.0101 0.07943 0.0221 216362 0.6484 0.003527678 765.9503665 

rs74853132 0.0181 0.03305 0.0329 216362 0.582 0.00342564 743.7192145 

rs7772289 -0.022 0.6169 0.0122 216362 0.0703704 0.016025586 3523.76617 

rs77831243 -0.0176 0.02363 0.0388 216362 0.651 0.001983794 430.0669144 

rs879882 0.0222 0.6175 0.0122 216362 0.0695697 0.008246845 1799.124487 

rs9277557 0.0227 0.1959 0.0146 216362 0.1202 0.009638052 2105.582696 

rs9295932 0.0274 0.2564 0.0133 216362 0.0390796 0.033580266 7517.878761 

rs9468364 0.0012 0.07321 0.0223 216362 0.9577 0.030248125 6748.617246 

beta, MR effect estimate; eaf, effect allele frequency; chr, chromosome; pos, base pair position, se, standard error of effect 
estimate, pval, p-value of effect estimate; F, F statistics (assessing the extent of weak instrumental variable bias), r2, r2 
statistics (assessing the level of IVs interpretation exposure). 
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Supplementary Table 2. Instrumental variables indicating glucocorticoid medication use. 

SNP 
Effect allele 

exposure 

Other allele 

exposure 
Beta exposure Eaf exposure Chr Pos Se exposure 

Pval 

exposure 

Samplesize 

exposure 

rs1011082 C T 0.07408 0.483207 17 38068514 0.011180029 3.40E- 11 205700 

rs10154834 C T -0.067905188 0.494958 3 33068055 0.011217121 1.40E-09 205700 

rs117710327 A C -0.141427443 0.0620109 19 33726578 0.023380492 1.50E-09 205700 

rs12123821 T C 0.153392807 0.0470148 1 152179152 0.026356427 5.90E-09 205700 

rs1391371 T A 0.204121963 0.202145 6 32603798 0.013949579 1.70E-48 205700 

rs1504215 A G -0.086968465 0.350757 6 91006227 0.011709394 1.10E- 13 205700 

rs1689510 C G 0.080533166 0.338025 12 56396768 0.011856495 1.10E- 11 205700 

rs1775553 T C -0.117927194 0.423019 10 9054325 0.011302505 1.70E-25 205700 

rs1898671 T C 0.097538431 0.350684 5 110408002 0.011702287 7.80E- 17 205700 

rs1963497 A C -0.097599281 0.182496 15 61071791 0.014568562 2.10E- 11 205700 

rs2287037 T C 0.096040754 0.395554 2 102979028 0.011432775 4.40E- 17 205700 

rs2517544 G C 0.093034136 0.321999 6 31009508 0.011951148 7.00E- 15 205700 

rs2949661 T C -0.074315371 0.401994 1 167424924 0.011428852 7.90E- 11 205700 

rs340931 G A -0.06567395 0.324864 9 6086443 0.011922614 3.60E-08 205700 

rs34290285 A G -0.12759555 0.255506 2 242698640 0.012807354 2.20E-23 205700 

rs35441874 A T -0.077133744 0.246038 16 11213021 0.013065188 3.60E-09 205700 

rs4739738 G A 0.078805425 0.358014 8 81291645 0.011672134 1.50E- 11 205700 

rs72743461 A C 0.09897992 0.236679 15 67441750 0.013141574 5.00E- 14 205700 

rs7936312 T G 0.098884502 0.477022 11 76293726 0.011205948 1.10E- 18 205700 

rs9270902 A G -0.114948411 0.274952 6 32571962 0.012518021 4.20E-20 205700 

rs992969 A G 0.139871247 0.251777 9 6209697 0.012898849 2.10E-27 205700 

 
SNP Beta outcome Eaf outcome Se outcome Samplesize outcome Pval outcome r2 F 

rs1011082 0.0163 0.4478 0.0117 216362 0.1618 0.01212344 3927.086278 

rs10154834 -0.0053 0.5154 0.0116 216362 0.6463 0.010106486 3267.074091 

rs117710327 -0.0279 0.09883 0.0197 216362 0.1563 0.004866735 1564.961749 

rs12123821 -0.0317 0.03956 0.0299 216362 0.2896 0.003999998 1285.131801 

rs1391371 0.0564 0.1937 0.0149 216362 0.000151799 0.045771845 15349.47253 

rs1504215 0.019 0.2397 0.0136 216362 0.1615 0.014508524 4711.049168 

rs1689510 0.0135 0.3185 0.0124 216362 0.2777 0.01201383 3891.149024 

rs1775553 -0.0066 0.3025 0.0126 216362 0.6011 0.029219637 9631.658858 

rs1898671 -0.0099 0.3051 0.0125 216362 0.4302 0.018214034 5936.583506 

rs1963497 0.0309 0.2041 0.0143 216362 0.0309799 0.009535253 3080.636542 

rs2287037 -0.0037 0.4003 0.0118 216362 0.756201 0.018923824 6172.391122 

rs2517544 0.0028 0.2226 0.0147 216362 0.8486 0.015598332 5070.526645 

rs2949661 -0.0021 0.26 0.0132 216362 0.8709 0.011428977 3699.531758 

rs340931 -0.0046 0.3005 0.0126 216362 0.7177 0.007890084 2544.890559 

rs34290285 -0.0048 0.2165 0.0141 216362 0.7364 0.023645599 7749.792972 

rs35441874 -0.0101 0.2123 0.0142 216362 0.4775 0.00826773 2667.713091 

rs4739738 0.0117 0.3073 0.0126 216362 0.3517 0.012057112 3905.338856 

rs72743461 0.0182 0.2624 0.0132 216362 0.167 0.013310143 4316.674759 

rs7936312 0.0106 0.4156 0.0117 216362 0.3666 0.021253521 6948.770024 

rs9270902 -0.0356 0.3337 0.0146 216362 0.0148399 0.020615886 6735.908864 

rs992969 0.0224 0.2377 0.0135 216362 0.0987302 0.027698422 9115.936746 

beta, MR effect estimate; eaf, effect allele frequency; chr, chromosome; pos, base pair position; se, standard error of effect 
estimate; pval, p-value of effect estimate; F, F statistics (assessing the extent of weak instrumental variable bias). r2, r2 
statistics (assessing the level of IVs interpretation exposure). 


