? frontiers ‘ Frontiers in Immunology

@ Check for updates

OPEN ACCESS

EDITED BY
Ravi Kumar Sharma,
Chandigarh University, India

REVIEWED BY
Ran Cheng,

Baylor College of Medicine, United States
Atul Kabra,

Chandigarh University, India

*CORRESPONDENCE
Wandong Hong
xhnk-hwd@163.com

RECEIVED 21 April 2024
ACCEPTED 29 July 2024
PUBLISHED 15 August 2024

CITATION
Lin W, Zheng Q, Wang X, Lin X, Ni X, Pan J,
Zippi M, Fiorino S and Hong W (2024) The
causality between use of glucocorticoids
and risk of pancreatitis: a Mendelian
randomization study.

Front. Immunol. 15:1420840.

doi: 10.3389/fimmu.2024.1420840

COPYRIGHT

© 2024 Lin, Zheng, Wang, Lin, Ni, Pan, Zippi,
Fiorino and Hong. This is an open-access
article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Immunology

TvPE Original Research
PUBLISHED 15 August 2024
po110.3389/fimmu.2024.1420840

The causality between use of
glucocorticoids and risk of
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Background and aim: To date, the association between glucocorticoid use and
the risk of pancreatitis remains controversial. The aim of this study was the
investigation of this possible relationship.

Methods: We carried out a two-sample Mendelian randomization (MR) analysis
using GWAS data from European ancestry, East Asian descendants and the
FinnGen Biobank Consortium to evaluate this potential causal relationship.
Genetic variants associated with glucocorticoid use were selected based on
genome-wide significance (p < 5x10-8).

Results: Our MR analysis of European ancestry data revealed no significant causal
relationship between glucocorticoid use and AP (IVW: OR=1.084, 95% Cl=
0.945-1.242, P=0.249; MR-Egger: OR=1.049, 95% Cl= 0.686-1.603, P=0.828;
weighted median: OR=1.026, 95% Cl= 0.863-1.219, P=0.775) or CP (IVW:
OR=1.027, 95% Cl= 0.850-1.240, P=0.785; MR-Egger: OR= 1.625, 95% Cl=
0.913-2.890, P= 0.111; weighted median: OR= 1.176, 95% Cl= 0.909-1.523, P=
0.218). Sensitivity analyses, including MR-Egger and MR-PRESSO, indicated no
evidence of pleiotropy or heterogeneity, confirming the robustness of our
findings. Multivariable MR analysis adjusted for alcohol consumption, BMI,
cholelithiasis and C-reactive protein levels supported these findings. Replicated
analysis was performed on datasets from the FinnGen Biobank Consortium and
East Asian descendants, and similar results were obtained.

Conclusions: This MR analysis suggests that there is no causal association
between glucocorticoid use and the risk of pancreatitis.
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1 Introduction

Inflammation of the exocrine pancreas, often associated with
acute abdominal pain, can lead to multiple organ failure (1, 2).
About 80% of cases are classified as mild to moderate with no organ
failure after 48 hours, while the remaining 20% progress to severe
pancreatitis with a mortality rate of approximately 20% (1, 2). With
an increasing global incidence (3), pancreatitis is now the leading
cause of hospitalizations related to gastrointestinal disorders
worldwide (1). In particular, acute pancreatitis can result from a
number of recognized causes, with gallstones and alcohol
consumption being the most common. However, the etiology of
this condition remains elusive in some cases (2), with a definitive
cause being lacking in around 20 per cent of cases (2, 4, 5).

Historically, drug-induced acute pancreatitis has been considered
a rare etiology. Recent studies indicate that it may be the third most
common cause of the disease, accounting for between 0.1 per cent
and 2 per cent of all cases (6, 7). Glucocorticoids (GCs), a widely used
group of medications, are prescribed to roughly 2-6% of the
population (8). These drugs are known to have a number of
negative effects, such as increased diabetes mellitus, osteoporosis
and peptic ulcers diseases (9, 10). Furthermore, several case reports
have highlighted the onset of pancreatitis in patients receiving
glucocorticoid therapy (11-21). Despite this, the pathophysiology
and occurrence of glucocorticoid-induced pancreatitis remains
poorly investigated and rarely reported. It is difficult to establish a
causal relationship between glucocorticoids and pancreatitis (11, 16).
Glucocorticoids-induced pancreatitis is remarkably rare, accounting
for only 3% of all reported cases of drug-induced pancreatitis
according to a literature review (22). This condition is primarily
identified by a process of exclusion, and is often considered when
there’s a history of glucocorticoid use and after other most common
causes of pancreatitis have been ruled out (11, 23). In many of these
few reports suggesting glucocorticoids as a potential cause of
pancreatitis, the presence of other contributing factors cannot be
definitively excluded, making it difficult to attribute the etiology solely
to glucocorticoids (24). This difficulty is increased in patients with
multiple comorbidities and underlying risk factors, where ruling out
more common causes of drug-induced pancreatitis becomes
increasingly complex (25). Crucially, some conditions treated with
glucocorticoid therapy, such as inflammatory bowel disease (26),
systemic lupus erythematosus (27) and Wegener’s granulomatosis
(28), may act as risk factors for pancreatitis, leading to confusion in
the indication. In addition, the definitive association of pancreatitis
with glucocorticoid use is often unconfirmed due to the lack of
possibility to repeat tests, especially for ethical reasons (22). A
retrospective analysis of patients with systemic lupus erythematosus
suggested that glucocorticoids were not responsible for the
development of pancreatitis in these cases (29). Conversely, a
handful of studies have shown that glucocorticoids may be useful
in the prevention and treatment of pancreatitis (24, 30). Nonetheless,
the current understanding of glucocorticoid-induced pancreatitis is
largely based on theories derived from limited case reports, animal
studies and other experimental data (11, 16, 17, 31). The evidence
linking glucocorticoids to pancreatitis remains weak, with a
significant risk of false-positive results (11, 16, 17, 31). It is
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therefore essential that large studies are carried out to establish the
cause and effect link between the use of glucocorticoids and the risk
of pancreatitis.

Mendelian randomization (MR) is a method that uses genetic
variation as instrumental variables (IVs) to determine whether an
observed association between a risk factor and an outcome is consistent
with a causal effect (32). A two-sample MR approach identifies causal
effects when exposure and outcome data come from different sources
(33). This approach significantly limits residual confounding and is less
vulnerable to reverse causation, as genetic variants are inherited at
conception. As a result, a trait will typically remain unaffected by other
traits (potential confounders or environmental elements). No previous
study has investigated the causal relationship between glucocorticoid
use and the risk of pancreatitis using MR to our knowledge. Thus, this
study attempts to investigate the causal relationship between the use of
glucocorticoids and the occurrence of pancreatitis using two-sample
MR analysis.

2 Methods

2.1 Study design and instrument
variable selection

Using summary-level data, we conducted a two-sample
Mendelian Randomization (MR) study to investigate the causal
relationship between glucocorticoid use and pancreatitis employing
specific glucocorticoid-related single-nucleotide polymorphisms
(SNPs) as instrumental variables (IVs). The main results of the
MR analysis in the current study were based on GWAS summary
datasets of European ancestry obtained from the study by Sakaue S
et al. (34). Replicated analysis was performed on datasets from the
FinnGen Biobank Consortium and East Asian descendants.

A multivariable MR assessment, adjusting for potential
confounders such as preexisting alcohol use, body mass index (BMI),
cholelithiasis (gallstones), and C-reactive protein values, was performed
to determine the direct causal effect of glucocorticoid use on
pancreatitis. The first three factors were identified as etiological
contributors to pancreatitis, while the last one assessed the severity of
the inflammation. To accurately assess the effects of confounding
within the MR framework, the selected IVs must meet three criteria:
(I) they should show an association with the exposure variable (the
‘relevance’ assumption); (II) they should not be associated with
confounding factors (the ‘independence’ assumption); (III) their
influence on the outcome should be mediated solely by the exposure
variable, with no additional pathways involved (the ‘exclusion’
restriction). The selection criteria for identifying instrumental
variables from SNPs were defined as follows (1): genome-wide
significance with P values less than 5x10/-8 was required to ensure
the robustness and reliability of these genetic instruments. However, a
higher threshold of 5x10/-5 was used for East Asian descendants due
to limited qualified data; (2) absence of linkage disequilibrium in SNPs,
specified by a default rA2 = 0. 001 within a radius of 10,000 kb, ensuring
their independence; and (3) to address potential bias from weak
instruments, we calculated the Cragg-Donald F-statistic for each SNP
using the formula F-statistic = BA2/SEA2 and excluded SNPs with an F-
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statistic below 10. In this context, [} is the estimate of the exposure
effect, while SE is its standard error. The conceptual and analytical flow
of this study is illustrated in Figure 1.

2.2 Data source

Supplementary Table 1 (34) provides an overview of Genome-
Wide Association Studies (GWAS) on various exposures and
outcomes. The detailed summary data on glucocorticoid use, acute
pancreatitis and chronic pancreatitis in European and East Asian
ancestry were extracted from the GWAS conducted by Sakaue S
et al. (34). In European ancestry, this study included 17,352 cases of
individuals using glucocorticoid (GWAS ID: ebi-a-GCST90019000)
with 188,348 controls and analyzed 14,256,400 SNPs. This study also
included 3,798 cases of acute pancreatitis (GWAS ID: ebi-a-
GCST90018789) and 476,104 controls, analyzing a total of
24,190,697 SNPs. Summary statistics for chronic pancreatitis were
extracted from the same GWAS (GWAS ID: ebi-a-GCST90018821). It
included 1,424 patients and 476,104 controls, with a total of 24,195,431
SNPs examined. In East Asian descendants, this study included 13,102
cases of glucocorticoid use (GWAS ID: ebi-a-GCST90018780) and
165,624 controls, analyzing 12,454,705 SNPs. This study also included
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827 cases of acute pancreatitis (GWAS ID: ebi-a-GCST90018569) and
177,471 controls, evaluating a total of 12,454,648 SNPs. Summary
statistics for chronic pancreatitis were extracted from the same GWAS
(GWAS ID: ebi-a-GCST90018601), which included 457 patients and
177,471 controls, with a total of 12,454,540 SNPs examined.

The detailed summary level data for acute pancreatitis and chronic
pancreatitis were also extracted from the FinnGen Consortium GWAS.
For acute pancreatitis, this study included 3,022 patients and 195,144
controls, with a total of 16,380,428 SNPs being investigated (GWAS ID:
finn-b-K11_ACUTPANC). Similarly, for chronic pancreatitis, the
study included 1,737 patients and 195,144 controls, with 16,380,413
SNPs examined (GWAS ID: finn-b-K11_CHRONPANC).

To clarify direct causal relationships and to reduce potential
confounding, genetic instruments for variables such as frequency of
alcohol consumption (sample size: 462,346), body mass index (BMI,
sample size: 532,396), cholelithiasis (gallstones, sample size:
404,405) and C-reactive protein levels (sample size: 353,466) were
acquired from the most comprehensive and recent studies (34-39).
The first three variables above serve as etiological contributors to
pancreatitis, with the last variable indicating the severity of the
inflammatory response.

Detailed data sources for glucocorticoid administration, acute
and chronic pancreatitis, frequency of alcohol consumption, BMI,

Outcomes
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FIGURE 1
The work flow of this study.
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cholelithiasis and C-reactive protein are meticulously documented
in Supplementary Table 1.

2.3 Statistical analysis

The primary analytical approach applied in this study was the
Inverse Variance Weighted (IVW) method, which assesses the effect
of SNPs associated with glucocorticoid use on pancreatitis risk by
aggregating individual Wald ratios to achieve unbiased causality in
the absence of horizontal pleiotropy (40). Supplementary analyses
using the weighted median and MR-Egger methods have also been
performed to corroborate these findings (41, 42).

The influence of horizontal pleiotropy on risk estimation and
the identification of potential confounders was evaluated by means
of the MR-Egger intercept test (41). Heterogeneity of results was
assessed using Cochrane’s Q statistic for IVW analysis and Rucker’s
Q statistic for MR-Egger analysis (43). In addition, we performed a
leave-one (SNP)-out analysis to identify and exclude outliers,
potentially biasing a causal relationship and we systematically
omitted each SNP and recalculated effect sizes, using the IVW
method. Funnel plots were generated to visually assess the
heterogeneity of the results, with a symmetric distribution around
the vertical axis. This type of configuration indicated the absence of
bias. The Mendelian randomization pleiotropy residual sum and
outlier (MR-PRESSO) test was also used to identify horizontal
pleiotropic outlier SNPs, providing identical results to IVW after
outlier removal (44). To minimize the impact of horizontal
pleiotropy on the results, each individual SNP was examined
individually in the LDtrait human genotype-phenotype databases
(45). This process allowed us to identify and exclude risk factors
shared with glucocorticoid use, such as serum triglyceride levels
(46), cholangitis (46) and alcohol consumption (46).

Multivariable MR analysis can be used to investigate the causality
of multiple exposures imposed by a genetic tool on the same outcome
variable. In clinical practice, alcohol and cholelithiasis are known to
be common etiologies of pancreatitis, while BMI and CRP are risk
and predictive factors of disease severity in patients with pancreatitis,
respectively (46-49). These indexes may act as possible confounding
factors that bias the results of the MR analysis. Therefore, we
performed multivariable MR analysis to remove potential
confounding bias. All Mendelian randomization analyses were
performed using the TwoSampleMR package in R version 4.1.2,
with P values less than 0.05 considered statistically significant.

3 Results

3.1 MR analysis of GWAS summary datasets
of European ancestry

3.1.1 Causal association of glucocorticoid usage
with AP

In this analysis, we employed 27 SNPs as instrumental variables to
assess the impact of glucocorticoid use through MR analysis. Each SNP
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had an F-statistic greater than 10, exceeding the threshold for a ‘weak
instrumental variable” (F-statistic value less than 10), thereby mitigating
concerns about weak instrument bias in our results.

There was no statistically significant causal relationship
between glucocorticoid use and the development of acute
pancreatitis (AP) using the inverse variance weighted (IVW)
method (odds ratio (OR) = 1.084, 95% confidence interval (CI) =
0.945-1.242, P = 0.249), as depicted in Figure 2. Similarly, MR-
Egger regression analysis (OR = 1.049, 95% CI = 0.686-1.603, P =
0.828) and the weighted median method (OR=1.026, 95% ClI=
0.863-1.219, P=0.775) supported these findings, as presented in
Figure 3. No horizontal pleiotropic outlier SNPs were identified by
MR-PRESSO Global test (Pgiopar sest =0.123).

3.1.2 Causal association of glucocorticoid usage
with CP

In this investigation, we included 26 SNPs as instrumental
variables to assess the effect of glucocorticoid use in an MR
analysis. All SNPs had F-statistics greater than 10, exceeding the
threshold for weak instrumental variables. Therefore, concerns
about weak instrumental bias in our results are considered
negligible. The IVW method, as shown in Figure 4, did not reveal
a substantial causal relationship between glucocorticoid use and the
incidence of CP, with an OR of 1.027 and a 95% CI ranging from
0.850 to 1.240, resulting in a P value of 0.785. Similarly, both the
MR-Egger regression yielded an OR of 1.625 (95% CI: 0.913-2.890;
P=0.111) and the weighted median approach indicated an OR of
1.176 (95% CI: 0.909-1.523; P=0.218), supporting these findings
(Figure 5). No horizontal pleiotropic outlier SNPs were identified by
MR-PRESSO Global test (Pgiopat test = 0.493).

3.1.3 Heterogeneity and sensitivity analysis

Cochran’s Q statistics indicated the absence of significant
heterogeneity in our results, as all P values exceeded 0.05
(Supplementary Table 2). In addition, the symmetric funnel plots
generated for individuals with AP and CP further confirmed the
lack of heterogeneity in our results (Supplementary Figures 1, 2). To
assess potential pleiotropy, we used the MR Egger intercept test,
which yielded intercepts that were not statistically different from
zero (all p-values > 0.05; p=0.874 for AP and p=0.243 for CP),
suggesting no evidence of horizontal pleiotropy in our investigation.
Furthermore, the leave-one-out analysis showed that no single SNP
significantly influenced the overall causal estimate (Supplementary
Figures 3, 4). Detailed information on the MR analyses can be found
in Supplementary Table 2.

3.1.4 Multivariable MR analysis

Furthermore, following adjustment for frequency of alcohol
consumption, body mass index (BMI), cholelithiasis (gallstones)
and C-reactive protein levels, multivariable MR analysis showed
that there was no direct effects of glucocorticoid use either on the
risk of AP (OR = 1.074, 95% CI = 0.948-1.216, P = 0.263, Figure 6;
Supplementary Table 3) or risk of CP (OR =1.176, 95% CI =0.962-
1.438, P =0.114; Figure 6, Supplementary Table 3).
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The scatter plot illustrates the causal effect of glucocorticoid usage on the risk of acute pancreatitis (AP) using GWAS summary data sets of European
ancestry. The slope of the line indicates the strength of this causal relationship. MR denotes Mendelian randomization.

3.2 Replicated MR analysis of GWAS
summary datasets from the FinnGen
Biobank Consortium and East

Asian descendants

3.2.1 Causal association of glucocorticoid use in
relation to AP

Using the same instrumental variables of European ancestry, there
was no statistically significant causal relationship between
glucocorticoid administration and development of acute pancreatitis
(AP) using the inverse variance weighted (IVW) method (OR = 1.130,
95% CI = 0.921-1.386, P = 0.243), as shown in Supplementary Figure 5
in the FinnGen Biobank Consortium. Similarly, the MR-Egger
regression analysis (OR = 1.094, 95% CI = 0.567-2.110, P = 0.791)
and the weighted median method (OR = 0.963, 95% CI = 0.771-1.202,
P = 0.737) supported these findings, as shown in Supplementary
Figure 6. The MR-PRESSO method identified one outlier SNP
(rs10905284, Pgiopar st <0.001). However, outlier correction shows
similar OR estimates to the IVW method after removal of this outlying
SNP (OR = 1.088, 95% CI = 0.917-1.2191, P = 0.343).

When employing the instrumental variables of the East Asian
descendants, there was no statistically significant causal relationship
between glucocorticoid administration and the development of
acute pancreatitis (AP), by means of the inverse variance
weighted (IVW) method (OR = 0.859, 95% CI = 0.682-1.083, P =
0.199), as shown in Supplementary Figure 7 in East Asian
descendants. Similarly, MR-Egger regression analysis (OR =
0.796, 95% CI = 0.357-1.775, P = 0.580) and the weighted median
method (OR = 0.962, 95% CI = 0.698-1.325, P = 0.812) supported
these findings, as illustrated in Supplementary Figure 8. No
horizontal pleiotropic outlier SNPs were identified by the
MR-PRESSO Global test ((Pgiopat tese = 0.602).
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3.2.2 Causal association of glucocorticoid usage
with CP

Using the same instrumental variables of European ancestry,
the IVW method, as shown in Supplementary Figure 9, indicated no
substantial causal relationship between glucocorticoid use and
incidence of CP, with an OR of 0.982 and a 95% CI ranging from
0.798 to 1.209 and with a P value of 0.864 in the FinnGen Biobank
Consortium. Similarly, both the MR-Egger regression showed an
OR of 1.429 (95% CI: 0.748-2.730; P=0.291) and the weighted
median approach showed an OR of 0.996 (95% CI: 0.750-1.324;
P=0.979), supporting these findings (Supplementary Figure 10). No
horizontal pleiotropic outlier SNPs were identified by the MR-
PRESSO Global test (Pgiopar sest = 0.269).

The evaluation of the instrumental variables in East Asian
descendants produced no statistically significant causal relationship
between glucocorticoid administration and the development of CP,
using the inverse variance weighted (IVW) method (OR = 1.038, 95%
CI=0.761-1.415, P = 0.816), as shown in Supplementary Figure 11 in
East Asian descendants. Similarly, MR-Egger regression analysis (OR
= 0.660, 95% CI = 0.223-1.930, P = 0.452) and the weighted median
method (OR = 1.064, 95% CI = 0.674-1.679, P = 0.791) supported
these findings, as illustrated in Supplementary Figure 12. No
horizontal pleiotropic outlier SNPs were identified by the MR-
PRESSO Global test (Piopar rost = 0.602).

3.2.3 Heterogeneity and sensitivity analysis
Significant heterogeneity was identified by Cochran’s Q statistic for
AP in the FinnGen Biobank Consortium (Pq ggger=0.0012;
Pq1vw=0.0019). Cochran’s Q statistic indicated the absence of
significant heterogeneity in our other results, as all P values exceeded
0.05. In addition, the symmetric funnel plots generated for individuals
with AP and CP further confirmed the lack of heterogeneity in our
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Forest plots illustrating the causal relationship between individual SNPs and the risk of acute pancreatitis (AP) using GWAS summary data sets of
European ancestry

results except for AP in the FinnGen Biobank Consortium  Detailed information on the MR analyses can be found in
(Supplementary Figures 13, 14). To assess potential pleiotropy, we  Supplementary Table 4.

used the MR Egger intercept test, which yielded intercepts that were In East Asian descendants, Cochran’s Q statistic also indicated
not statistically different from zero (all p-values > 0.05), suggesting no  no significant heterogeneity, with all P values above 0.05
evidence of horizontal pleiotropy in our investigation. Furthermore, ~ (Supplementary Table 5). Symmetric funnel plots for individuals
the leave-one-out analysis showed that no single SNP significantly =~ with AP and CP further supported the absence of heterogeneity
influenced the overall causal estimate (Supplementary Figures 15, 16).  (Supplementary Figures 17, 18). The MR Egger intercept test
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The scatter plot illustrates the causal effect of glucocorticoid usage on the risk of chronic pancreatitis (CP) using GWAS summary data sets of
European ancestry. The slope of the line indicates the strength of this causal relationship. MR denotes Mendelian randomization
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Forest plots illustrating the causal relationship between individual SNPs and the risk of chronic pancreatitis (CP) using GWAS summary data sets of

European ancestry

yielded intercepts that were not statistically different from zero (all
P values > 0.05; P=0.845 for AP and P=0.392 for CP), indicating no
horizontal pleiotropy. The leave-one-out analysis showed that no
single SNP significantly influenced the overall causal estimate
(Supplementary Figures 19, 20). Detailed information on the MR
analyses can be found in Supplementary Table 5.

3.2.4 Multivariable MR analysis

Furthermore, after adjustment for frequency of alcohol
consumption, body mass index (BMI), cholelithiasis (gallstones)
and C-reactive protein levels, multivariable MR analysis showed no
direct effect of glucocorticoid use on the risk of either AP (OR = 1.
065, 95% CI = 0.911-1.244, P = 0.429, Supplementary Figures 21,
Supplementary Table 6) or the risk of CP (OR =1.090, 95%
CI =0.885-1.343, P =0.418; Figure 6; Supplementary Table 6) in

Glucocorticoids on acute pancreatitis

Cholelithiasis ——
C-reactive protein ———
Glucocorticoids ———
Body mass index [ E—
Alcohol intake
7 17

1
Odds ratios

FIGURE 6

the FinnGen Biobank Consortium. Multivariable MR analysis
was not performed in East Asian offspring due to limited
qualifying data.

4 Discussion

Establishing a diagnosis for drug-induced pancreatitis poses
significant diagnostic challenges. This pathological condition is quite
rare and it may present with different clinical course and severity.

Therefore, it is often difficult or ethically unjustifiable to use
rechallenge to test for a causal relationship between a potentially
dangerous drug and the development of pancreatitis, mainly in its
acute form (1, 2, 50, 51). The hypothesis that glucocorticoids
contribute to or correlate with pancreatitis in humans has been

Glucocorticoids on chronic pancreatitis

Cholelithiasis ———
C-reactive protein

Glucocorticoids

Body mass index

Alcohol intake freq y

1
Odds ratios

Multivariable Mendelian randomization of glucocorticoid usage on the risk of pancreatitis using GWAS summary data sets of European ancestry.
Error bars represent 95% confidence intervals. AP, acute pancreatitis; CP, chronic pancreatitis.
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emphasized by several Authors for many years (11-21). However,
our current understanding of glucocorticoid-induced pancreatitis
primarily relies on limited individual case series, animal research
and other experimental findings (11, 16, 17, 24, 31). Consequently,
studies assessing the possible association between glucocorticoids and
pancreatitis provide no definitive conclusions, due to the risk of
potential false positive results (11, 16, 17, 24, 31). Furthermore, few
robust and large-scale studies investigating glucocorticoid-induced
pancreatitis are available to date. Therefore, this circumstance makes
the specific mechanisms associated with this condition largely
unexplored and understood (13, 52). Among the few large-scale
investigations to date, a population-based nested case-control study
(13) examined 6,161 cases of acute pancreatitis along with 61,637
controls to explore the relationship between oral glucocorticoid use
and incidence rates of acute pancreatitis. This study showed an
increased probability of acute pancreatitis development in
individuals currently using oral glucocorticoids compared to non-
users (OR 1.53; 95% CI 1.27-1.84), suggesting that taking these drugs
increases the risk of this disease. Nonetheless, the investigators also
underlined that their study was subject to limitations, including the
potential misestimation of prescribed medication use and the
inability to adjust for confounding variables. The association with
the use of glucocorticoids and the incidence of acute pancreatitis was
investigated in another large study using the US Food and Drug
Administration Adverse Event Reporting System (FAERS) (14). In
this study, 8,437,343 cases were analyzed and 44,893 cases of acute
pancreatitis were identified in patients who were taking various
medications, including glucocorticoids. A pharmacological and
epidemiological approach was used in this study. It concluded that
glucocorticoid treatment was associated with an increased risk of
having acute pancreatitis. This circumstance introduces some
limitations to this study, such as susceptibility to underreporting,
selective reporting bias and an inability to adjust for all confounding
factors, thereby precluding definitive conclusions on causal
relationship between glucocorticoids and acute pancreatitis.
Furthermore, individuals suffering from this disease while on this
medication frequently exhibit prominent predisposing factors for the
development of this pathological condition, such as alcohol abuse,
systemic vasculitis, due to immunological responses, and concurrent
use of pharmacological substances recognized to induce pancreatitis,
in addition to the drug under suspicion (22, 24, 31). It is also
suggested that glucocorticoids may be involved in the onset of
acute pancreatitis in people receiving this type of therapy to treat
autoimmune diseases such as systemic lupus erythematosus (SLE)
(53). However, it is worth noting that a significant proportion
(approximately 8%) of SLE patients experience acute pancreatitis
regardless of whether they have received glucocorticoids (53).
Likewise, the development of acute pancreatitis in cancer patients
has been linked to the use of glucocorticoids given as an anti-emetic
during chemotherapy (54). However, it should be noted that these
patients are often taking antineoplastic medications at the same
time. These drugs are known to independently cause acute
pancreatitis (54).

The pathophysiological mechanisms underlying glucocorticoid-
induced pancreatitis remain poorly understood, although several
theories have been proposed to elucidate its etiology (24). Some
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studies suggest that alterations in calcium metabolism within
pancreatic cells may contribute to the development of this
condition (19, 21), while others hypothesize that glucocorticoids
promote the production of viscous protein-rich secretions, leading
to blockage of pancreatic ductules and subsequent localized
inflammation (55). Additional evidence indicates that intravenous
administration of ACTH, hydrocortisone, or prednisolone can
decrease pancreatic volume as well as bicarbonate and amylase
secretion (56). It has also been postulated that glucocorticoids may
increase total lipid levels, potentially triggering acute pancreatitis
(57-60). However, these hypotheses are primarily based on
individual animal experiments or clinical observations; several
studies have produced conflicting or negative results (61-69). For
example, high-dose methylprednisolone has been shown to reduce
pancreatic inflammation and edema in animal models by inhibiting
cytokine release and leukocyte activation (70). Dexamethasone has
been shown to protect pancreatic tissue through its anti-
inflammatory effects and inhibition of several inflammatory
mediators (71). These inconsistencies cast doubt on the validity
and strength of these clinical and laboratory deductions.
Furthermore, emerging research suggests that glucocorticoids
exhibit therapeutic potential in the management of pancreatitis,
particularly during its early phase. This step is characterized by
the development of a significant phlogosis (72), a process which
may trigger systemic inflammatory responses and impairs
organ functionality (73). As potent anti-inflammatory agents,
glucocorticoids have demonstrated efficacy across several
inflammatory conditions (74-76). Notably, in animal models of AP,
glucocorticoid treatment has shown promising therapeutic outcomes
by improving survival rates (71, 77-81), although the underlying
mechanisms remain unclear. The speculated pathophysiological
pathways through which glucocorticoids may exert their effects in
treating pancreatitis include suppression of inflammatory mediators
(82), attenuation of endotoxin-induced damage (83), enhancement of
microcirculation (84), scavenging oxygen free radicals (85), reduction
of nitric oxide levels (86) and NF-kappa B activities (87, 83), as well as
induction of acinar cell apoptosis (89-91). These insights underscore
the potential role of glucocorticoids in improving outcomes associated
with pancreatitis. For decades, there has been extensive research into
the use of glucocorticoids in the treatment of AP (92), particularly this
medication is considered a conventional treatment in autoimmune
pancreatitis (93). Based on the best we know, Stephenson et al. were the
first to report the therapeutic benefits of glucocorticoids in human
hemorrhagic acute pancreatitis (AP) in 1952 (94). Subsequently,
numerous corroborating clinical trials and case reports published in
the literature. For example, one study demonstrated how combining
dexamethasone with a traditional Chinese herbal concoction reduced
the risk of acute respiratory distress syndrome (ARDS) in SAP (severe
acute pancreatitis) patients (95), while a meta-analysis of six Chinese
trials suggested that corticosteroids could improve patient outcomes in
SAP cases (96). The aforementioned studies collectively suggest that
glucocorticoids may confer therapeutic benefits in the management of
pancreatitis, thereby raising questions about the causal relationship
between glucocorticoid use and the potential initiation of pancreatitis.
It is crucial to acknowledge that the majority of existing
research primarily includes observational studies. Besides the
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aforementioned studies (13, 97), several smaller observational
studies have discussed the effect of glucocorticoids on
pancreatitis. For example, Igbal et al. (98) reported a case of
pancreatitis induced by high-dose glucocorticoids in a patient
being treated for optic neuritis. This case highlighted the need for
vigilance on the part of doctors, but its applicability was limited by
the fact that it was a single case. Similarly, Ataallah et al. (17)
documented a case of acute pancreatitis in a patient with idiopathic
immune purpura who had recently been treated with steroids. This
report highlights the diagnostic challenges in such patients, but
being a single case study, its wider implications are limited.
Observational studies are inherently susceptible to biases such as
confounding, selection, recall, measurement and reporting bias, and
temporal issues (99-101). Considering the inherent limitations of
observational studies in establishing causation or fully accounting
for confounding factors, caution must be taken into account when
these findings are interpreted. To address this limitation and
establish a causal link between glucocorticoid use and pancreatitis
risk, we conducted a MR study. Unlike traditional observational
studies, this method minimizes bias and reduces the risk of reverse
causality by using genetic variants as instrumental variables (41,
102-104). This approach provides stronger evidence of causality
and allows for a more robust assessment of the long-term effects of
glucocorticoid use (41, 102-104). This methodological rigor
increases the reliability of our findings and provides clearer
insights into the true impact of glucocorticoid use on the risk of
pancreatitis (41, 102-104). Our investigation found no significant
evidence of a causal association between glucocorticoid use and the
risk of acute pancreatitis (AP) and chronic pancreatitis (CP), as
determined by rigorous statistical methods including inverse
variance weighted (IVW), MR Egger regression, weighted median
approach and MR-PRESSO. Across the GWAS pooled datasets
from European ancestry, the FinnGen Biobank Consortium and
East Asian descendants, Cochran’s Q statistics indicated no
significant heterogeneity in most outcomes (all P values > 0.05),
except for AP in the FinnGen Biobank Consortium
(PQ.Egger=0.0012; PQ.IVW=0.0019). Symmetric funnel plots for
individuals with AP and CP further confirmed the lack of
heterogeneity in these populations (Supplementary Figures 1, 2,
13, 14,17, 18). To assess potential pleiotropy, we used the MR Egger
intercept test, which yielded intercepts that were not statistically
different from zero (all P values > 0.05), suggesting no evidence of
horizontal pleiotropy. In addition, MR-PRESSO identified one
outlier SNP (rs10905284, PGlobal test < 0.001), but showed
similar OR estimates to the IVW method after removing this
outlier (OR = 1.088, 95% CI = 0.917-1.2191, P = 0.343),
reinforcing the robustness of our findings. The leave-one-out
analysis further demonstrated that no single SNP significantly
influenced the overall causal estimate across all datasets
(Supplementary Figures 3, 4, 15, 16, 19, 20). Detailed information
on the MR analyses can be found in Supplementary Tables 2, 4 and
5. Overall, these results demonstrate the robustness of our findings,
which are consistent across different populations and
methodologies. The inclusion of the MR-PRESSO results further
validates our findings by addressing potential pleiotropy and
confirming the stability of our estimates after outlier correction.
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Our findings differ from observational studies suggesting an
increased risk of pancreatitis with glucocorticoid use. These
discrepancies may be due to methodological differences, residual
confounding, or limitations of observational data.

Our MR study used genetic instruments to investigate the causal
relationship between glucocorticoid administration and the risk of
pancreatitis. As far as we know, this is the first reported study to apply
the MR method and visual representations in order to explore the
causality effects of glucocorticoid usage on pancreatitis risk. The
primary strength of our investigation lies in its employment of MR
analytical approach, which effectively mitigates confounding biases
inherent in retrospective studies and provides more compelling
evidence. Unlike traditional observational studies, MR analysis
significantly reduces the possibility of reverse causation (41, 102-
104). However, it is important to recognize some limitations within
our study. Our study does not take into account variations in
glucocorticoid dosage, duration of use, or treatment regimens for
different conditions. Future studies should take these factors into
account to provide a more complete understanding of the
relationship between glucocorticoid use and the risk of pancreatitis.
Moreover, our findings are based on summary level data and should
be interpreted with caution, given the assumptions about genetic
tools and potential biases inherent in MR analyses. Although the MR-
Egger intercept test showed no evidence of directional pleiotropy and
the weighted median method provided consistent estimates, residual
confounding cannot be completely excluded. Specifically, the absence
of subgroup analysis was due to limited availability of comprehensive
clinical data for participants. As a result, our study does not
investigate possible sex-specific effects of glucocorticoid use on the
risk of pancreatitis. Furthermore, the study population consisted
predominantly of individuals with European descendants (34-39),
potentially limiting generalizability across diverse ethnic backgrounds
such as African populations. It is important to note that possible
potential genetic heterogeneity within the European population may
also affect the validity of our genetic instruments and MR
findings. Therefore, further research with larger sample sizes, more
genetically diverse populations or ethnic groups, more detailed sex-
stratified analyses and longitudinal follow-up is imperative to
conclusively validate the causal relationship between glucocorticoid
use and pancreatitis risk. Although our selected genetic variants have
been rigorously assessed for robustness and independence, it is
acknowledged that they may not capture the entirety of
glucocorticoid exposure. Future studies could consider expanding
the range of genetic tools or incorporating alternative methodological
approaches to comprehensively capture the complexity of
glucocorticoid use. Despite the fact that our Mendelian
randomization analysis effectively mitigates confounding by
measured covariates and is sufficiently powered to detect moderate
to large effects, it may not be sensitive enough to identify smaller
effect sizes. In addition, unmeasured or residual confounders, such as
a Western diet or diabetes, may have influenced our results. Another
potential limitation of our study is the possibility of type II error.
Type II error occurs when the study fails to detect a true effect due to
insufficient statistical power. Given the complexity and multifactorial
nature of the etiology of pancreatitis, it is possible that our non-
significant results may have been influenced by type II error. Future
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studies with larger sample sizes and more comprehensive data may
help to mitigate this issue and provide a clearer understanding of the
relationship between glucocorticoid use and pancreatitis risk.
Moreover, our study does not consider possible interactions
between glucocorticoid use and other medications or treatments
that may affect the risk of developing pancreatitis. For instance,
glucocorticoids and non-steroidal anti-inflammatory drugs
(NSAIDs) are often used together, especially for conditions
involving inflammation and pain (8, 105, 106). However, there are
numerous case reports linking NSAIDs such as indomethacin,
piroxicam, ketoprofen, naproxen, rofecoxib and celecoxib with
acute pancreatitis (107). Interestingly, naproxen is often considered
the preferred analgesic to limit the risk of developing acute
pancreatitis (107). Studies have also suggested that widespread
prophylactic use of NSAIDs may significantly reduce the risk of
acute pancreatitis following therapeutic endoscopic retrograde
cholangiopancreatography (ERCP) (107-109). Post-ERCP
pancreatitis is a known complication, and glucocorticoids have
been investigated for their potential role in preventing this
condition (30). Some studies suggest that glucocorticoids may
reduce inflammation and edema, potentially decreasing the
incidence of post-ERCP pancreatitis (30). However, the evidence is
mixed and sometimes contradictory, suggesting that more research is
needed to establish their effectiveness in this setting (30, 108, 110-
112). Future research should consider these interactions between
glucocorticoid use and other medications or treatments to provide a
more comprehensive understanding of pancreatitis risk. In addition,
the ability of our study to detect small but clinically significant effects
may be limited by several factors, most notably the limited number of
SNPs used as instrumental variables (IVs). In Mendelian
randomization (MR) studies, statistical power is highly dependent
on both the strength and number of IVs (113-115). The limited
number of SNPs in this study may reduce the ability to detect
associations between the IVs and the exposure variable, which may
explain the non-significant results. The minimum detectable effect
size (MDES) is also crucial; a study with limited power may fail to
detect small but meaningful effects (114, 116). To address this
concern, we carried out additional replicated MR analyses using
GWAS summary datasets from the FinnGen Biobank Consortium
and East Asian descendants, in addition to the original European
ancestry GWAS data. The consistent results across these different
datasets suggest a degree of clinical significance and increase the
credibility of our findings. Moreover, the MR-Egger method is
designed to detect and correct for directional pleiotropy, which
occurs when genetic variants influence outcome through pathways
other than the exposure of interest. The key assumption of MR-Egger
is the Instrument Strength Independent of Direct Effect (InSIDE)
assumption, which states that the strength of the association of the
genetic instrument with the exposure is independent of its direct
effect on the outcome (115-117). However, this assumption may not
always hold in practice, potentially leading to biased estimates. For
instance, if the genetic variants have pleiotropic effects that are not
independent of their associations with exposure, the MR-Egger
intercept test may indicate the presence of pleiotropy even when it
is absent, or fail to detect it when it is present (115-118). This may
complicate the interpretation of causal estimates derived from
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MR-Egger analysis. Also, MR-Egger has less statistical power than
other MR methods, such as inverse variance weighted (IVW)
regression, especially when the number of genetic variants is small
or the genetic instruments are weak (115-117, 119). This reduced
power can lead to wider confidence intervals and less precise
estimates of the causal effect, which should be taken into account
when interpreting the results (114, 120). In our study, the MR-Egger
intercept test showed no significant evidence of directional pleiotropy
(all P values > 0.05), suggesting that pleiotropy is unlikely to
significantly bias our causal estimates. Nevertheless, the limitations
of MR-Egger, including its reduced precision, must be acknowledged.
To address these limitations and validate the robustness of our
findings, we conducted several sensitivity analyses, including the
Cochran’s Q test for heterogeneity and the MR-PRESSO method to
detect and correct for pleiotropic outliers. These additional analyses
help to provide a more comprehensive assessment of the potential
bias due to pleiotropy and increase the transparency and reliability of
our results (114, 117, 119, 120).

In conclusion, although our MR-Egger results suggest minimal
pleiotropic bias, the inherent limitations of this method and the
assumptions upon which it is based must be explicitly acknowledged.
To improve the power of future studies and mitigate the inherent
limitations of the MR-Egger method, it is essential to increase sample
sizes and identify stronger genetic tools. Larger sample sizes can
improve the ability to detect associations, thereby increasing the
overall power of the study (114, 120). In addition, identifying and
using multiple stronger genetic variants as IVs can strengthen the
instruments and improve the precision of the estimates, thereby
reducing bias and increasing power (115, 116). These strategies are
essential to accurately assess the causal relationship between
glucocorticoid use and the risk of pancreatitis. These limitations
should be taken into account when interpreting the results.

Gene-environment interactions occur when environmental
factors such as smoking, diet and concomitant medication use
interact with genetic predispositions to influence disease risk
(121). For example, oxidative stress from alcohol and smoking
may exacerbate genetic mutations associated with pancreatitis, such
as those in the SPINK1 and CFTR genes (122). Research suggests
that genetic variants may influence how individuals respond to
environmental factors (121). Thus, epigenetic modifications
induced by environmental exposures may affect the expression of
genes involved in glucocorticoid metabolism and stress responses,
further complicating the relationship between glucocorticoid use
and pancreatitis (123). Future research should focus on identifying
specific gene-environment interactions that contribute to the risk of
pancreatitis in glucocorticoid users. This can be achieved through
genome-wide association studies (GWAS) and epigenome-wide
association studies (EWAS), which examine the combined effects
of genetic variants and environmental factors on disease risk. Such
studies should involve large, diverse populations to capture a wide
range of genetic and environmental exposures, thereby increasing
the generalizability of the findings.

Additionally, our findings have significant implications for
healthcare policy regarding glucocorticoid administration and
pancreatitis management. Given the widespread prescription of
glucocorticoids and the serious consequences associated with
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pancreatitis development, establishing a definitive causal link is
crucial for establishing public health strategies towards early
prevention and intervention efforts. Despite the fact that our
study found no evidence of an association between glucocorticoid
use and an increased incidence of acute pancreatitis, clinicians must
remain vigilant when prescribing these drugs because of their well-
documented side effects. Healthcare providers should assess the
risk-benefit profile of glucocorticoid therapy on a case-by-case
basis, particularly in patients with additional risk factors for
pancreatitis. Standard preventive measures for pancreatitis should
continue to be used in clinical practice. Encouraging lifestyle
changes, such as maintaining a healthy diet, regular exercise and
avoiding excessive alcohol consumption, is crucial for overall health
and may indirectly reduce the risk of pancreatitis in patients with
complex medical histories (49, 124, 125). Our findings suggest that
routine screening for pancreatitis in glucocorticoid users may not be
warranted. However, clinicians should remain vigilant for
pancreatitis symptoms in patients with multiple risk factors,
particularly those with pre-existing conditions that predispose
them to pancreatitis. Based on our findings, future guidelines for
glucocorticoid therapy should emphasize targeted monitoring
rather than broad screening. Although our study found no
statistically significant association between glucocorticoid use and
the risk of pancreatitis, even a small increase in risk could raise
public health concerns due to the widespread use of these drugs and
the potential severity of pancreatitis (1, 2, 8).

Given the high prevalence of glucocorticoid use (8), the absolute
number of people affected could be substantial. Although our MR
study does not support an association between glucocorticoid use and
an increased incidence of acute pancreatitis, vigilant clinical practice
and adherence to guidelines are essential to mitigate other potential
risks. Glucocorticoid-induced pancreatitis can lead to serious
complications, including systemic inflammatory response syndrome
(SIRS), multiple organ failure and increased mortality (22, 46). For
example, Igbal et al. (98) reported a case of steroid-induced
pancreatitis in a patient receiving high-dose steroids for optic
neuritis, highlighting the importance of clinician vigilance.
Similarly, Ataallah et al. (17) highlighted the diagnostic challenges
of glucocorticoid-induced pancreatitis, particularly in patients with
multiple risk factors. These cases suggest that although the incidence
may be low, the clinical outcomes can be severe, highlighting the need
for a public health strategy to mitigate the risks.

From a patient management perspective, it is important to
identify high-risk individuals and monitor them closely during
glucocorticoid therapy. Clinicians should exercise caution and
carefully weigh the benefits of glucocorticoid therapy against the
potential risk of pancreatitis, especially when prescribing
glucocorticoids to patients with known risk factors such as a
history of pancreatitis, alcohol use or metabolic disorders (17, 126).
In these high-risk patients, regular monitoring of pancreatic function
and prompt treatment of early symptoms may help prevent severe
pancreatitis. Previous studies (21) have shown that glucocorticoid-
induced pancreatitis can develop in a dose-dependent manner,
suggesting that reducing the dose and duration of glucocorticoid
therapy may reduce the risk. In addition, glucocorticoids are
associated with a number of other adverse effects, including
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hyperglycemia, hypertension, osteoporosis, neuropsychiatric
adverse effects and immunosuppression (127-130).

As an example, a systematic review and meta-analysis found an
increased risk of cataract and glaucoma in patients using systemic
glucocorticoids (127). Another study reported significant associations
between short-term systemic glucocorticoid use and an increased
risk of infection and hyperglycemia (128). Understanding the
mechanisms underlying these glucocorticoid-induced adverse
effects is essential for the development of safer medication
strategies. The implementation of regular monitoring, dose
reduction, shorter duration of therapy and, where appropriate,
alternative treatments in high-risk patients may also help to reduce
these risks (129, 131-133). In addition, our study uses Mendelian
randomization (MR) to investigate the causal relationship between
glucocorticoid use and the risk of pancreatitis. This approach helps to
control for confounding while providing more robust evidence of
causality (41, 102-104).

The application of MR to the understanding of glucocorticoid-
related adverse effects may facilitate the development of targeted
mitigation strategies to improve patient outcomes. Further research
is needed to identify biomarkers that predict susceptibility to
glucocorticoid-related adverse effects and to develop targeted
interventions. Studies using pharmacogenomic approaches may
provide insight into individual variability in response to
glucocorticoid therapy. We recommend that future research
should focus on the development and validation of risk
assessment tools that integrate genetic, clinical and lifestyle
factors to identify patients at high risk of glucocorticoid-related
pancreatitis and thus develop safer drug use strategies.

5 Conclusion

This study represents the first MR investigating the causal
relationship between glucocorticoid use and pancreatitis.
However, our MR results do not provide evidence, supporting an
association between glucocorticoid use and increased incidence
of pancreatitis.
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