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Abstract: Background: The COVID-19 pandemic, caused by SARS-CoV-2, has severely impacted
children with Type 1 Diabetes (T1D), placing them at high risk for severe outcomes. Despite
extensive observational data suggesting a link between T1D and severe COVID-19, there is a lack of
understanding regarding the causal effects. This study aims to determine whether Type 1 diabetes
(T1D) influences the risk of severe COVID-19 outcomes, particularly respiratory failure, in pediatric
ICU patients. Methods: This two-sample Mendelian Randomization (MR) study utilized genetic
data from large-scale genome-wide association studies (GWAS). Genetic variants associated with
T1D were used as instrumental variables to assess their impact on severe COVID-19 outcomes. The
primary datasets included genetic data for T1D from 457,695 individuals (6,447 T1D cases) and
severe COVID-19 outcomes from 3,790 individuals (1,610 severe cases). Various MR methods,
including Inverse Variance Weighted (IVW), MR-Egger Regression, and Weighted Median, were
employed to ensure robust causal inference and eliminate potential biases such as pleiotropy.
Results: The MR analysis revealed no causal relationship between T1D and severe COVID-19
outcomes in pediatric patients. Odds ratios (ORs) obtained using MR-Egger, Weighted Median, and
IVW methods varied from 0.7648 to 0.9853, with p-values greater than 0.05, indicating no significant
causal effect. Sensitivity analyses confirmed the robustness of these findings, showing no evidence
of heterogeneity or directional pleiotropy. Conclusion: Our findings indicate no genetic causal link
between T1D and severe respiratory failure from COVID-19 in children. These results contrast with
numerous observational studies and suggest that metabolic dysfunction and other non-genetic
factors should be the focus in managing this susceptible group. The insights gained are crucial for
developing targeted interventions and improving clinical management strategies for pediatric ICU
patients with T1D during the COVID-19 pandemic.
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1. Introduction

The COVID-19 pandemic, caused by SARS-CoV-2, has disproportionately impacted children
with Type 1 Diabetes (T1D), categorizing them as a high-risk group for severe outcomes. Research
including Das et al. (2020) has underscored the notable risks associated with diabetes in the context
of respiratory viruses such as SARS, MERS, and H1N1, risks that are magnified during the ongoing
pandemic [1]. Additionally, studies by Pal et al. (2020) and Nassar et al. (2021) have highlighted the
global burden of COVID-19 and the variable prevalence of T1D among affected individuals, pointing
out an elevated risk and severity of the disease in this demographic [2,3]. Pediatric patients with T1D
who contract COVID-19 face severe clinical outcomes, such as increased rates of ICU admissions,
mechanical ventilation, and higher mortality [4]. This observation is supported by findings from
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Alkundi et al. (2020), Al Hayek et al. (2020), and Rysz et al. (2021), which document longer hospital
stays and a heightened risk of respiratory failure in this cohort [5-7]. Further emphasizing the gravity
of these implications, Wargny et al. (2020) and Barron et al. (2020) reported that a significant
proportion of T1D patients require intensive care or succumb to the disease [8,9].

The pathophysiological alterations in Type 1 Diabetes (T1D), particularly the dysregulation of
immune response mechanisms to SARS-CoV-2, directly influence the severity of COVID-19 in these
patients [10,11]. The complex interplay between T1D and COVID-19 exacerbates vulnerabilities that
heighten disease severity. Mazucanti and Egan (2020) examined the relationship between diabetes
mellitus (DM) and the severity of SARS-CoV-2 infection, highlighting increased ACE2 expression,
which promotes viral entry [10]. The overexpression of ACE2 in diabetic patients facilitates the virus’s
entry into cells, compounding the infection’s severity [12]. Additionally, the altered cytokine release
and decreased interferon production in these patients impair the body’s ability to mount an effective
immune response, exacerbating the infection [10,11]. Oxidative stress, a key hallmark of T1D, is
another critical factor. Studies by Aikaterini Kountouri et al. (2021) and Kashfi K. et al. (2023)
emphasize the role of oxidative stress in T1D patients, which contributes to the severity of COVID-
19 by enhancing inflammatory responses and tissue damage [13-15]. Zhang et al. (2023) suggest that
NF-kB, a pivotal regulator of inflammation, plays a key role in the prolonged inflammatory response
observed in COVID-19 patients, worsening disease severity [16]. Shweta Chahal and colleagues
(2024) discovered that T1D affects both innate and adaptive immunity, contributing to the severe
inflammatory response observed in COVID-19, often referred to as a “cytokine storm” [17].
Researchers also underline the importance of NADPH oxidases in creating reactive oxygen species
(ROS), crucial for defensive mechanisms like phagocytosis and inflammasome activation. Impaired
NOX2 function in T1D patients can lead to decreased microbial killing and altered immunological
responses, further complicating immune defense against SARS-CoV-2 [18]. Moreover, T1D patients
exhibit elevated ACE expression and circulating Angiotensin II levels. The altered ACE and ACE2
expression may contribute to the increased cardiovascular risk and severe tissue damage seen in
COVID-19 patients, compounding the disease’s severity [19,20].These multifaceted
pathophysiological mechanisms underscore the critical need for targeted therapeutic strategies to
mitigate severe COVID-19 outcomes in pediatric ICU patients with T1D. Addressing both metabolic
and immunological dysregulations in these patients could significantly improve their prognosis
during SARS-CoV-2 infection.

Despite the wealth of observational data, there remains a substantial gap in research regarding
the causal effects of T1D on respiratory failure in COVID-19 patients. Addressing this, Gregory et al.
(2021) and Hartmann-Boyce et al. (2021) have called attention to the association between these
conditions but stressed the need for causative studies to deepen our understanding and improve
management strategies [21,22]. In response to this need, Mendelian Randomization (MR) emerges as
a crucial methodology for investigating causal relationships between genetic predispositions and
disease outcomes by employing genetic variants as instrumental variables [23,24]. This approach
significantly reduces the confounding inherent in observational studies, providing a more definitive
assessment of causal effects [25,26]. The stability of genetic polymorphisms, fixed at conception and
randomly assorted during meiosis, ensures that MR studies are less prone to reverse causation and
confounding, as articulated by Nitsch et al. (2006) and Ference et al. (2021) [27,28].

Innovatively, Li et al. (2022) applied MR to investigate the influence of autoimmune disorders,
including T1D, on COVID-19 outcomes and found no significant genetic correlations, suggesting that
metabolic dysregulations rather than genetic factors may predominantly drive disease severity [29].
This pivotal insight is crucial for developing targeted interventions to mitigate the impact of SARS-
CoV-2 in the pediatric ICU setting. The ongoing interplay between chronic autoimmune conditions
and acute viral infections necessitates sophisticated care strategies to effectively manage these
complex cases, reinforcing the importance of continued research to refine treatment protocols and
enhance outcomes [18].

The pathophysiological alterations in Type 1 Diabetes (T1D), particularly the dysregulation of
immune response mechanisms to SARS-CoV-2, directly influence the severity of COVID-19 in these
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patients. The complex interplay between TI1D and COVID-19 exacerbates vulnerabilities that
heighten disease severity. Despite the wealth of observational data, there remains a substantial gap
in research regarding the causal effects of T1D on respiratory failure in COVID-19 patients.
Addressing this, Mendelian Randomization (MR) emerges as a crucial methodology for investigating
causal relationships between genetic predispositions and disease outcomes by employing genetic
variants as instrumental variables. This approach significantly reduces the confounding inherent in
observational studies, providing a more definitive assessment of causal effects. Therefore, the
primary hypothesis of this study is that genetic predisposition to Type 1 Diabetes (T1D) causally
influences the risk of severe COVID-19 outcomes, specifically respiratory failure, in pediatric ICU
patients. By employing a two-sample Mendelian Randomization approach, we aim to investigate
whether there is a direct genetic link between T1D and the severity of respiratory complications in
children infected with SARS-CoV-2.

2. Materials and Methods

Study Design: This two-sample Mendelian randomization (MR) study investigates the causal
relationship between Type 1 diabetes (T1D) and severe COVID-19 infection with respiratory failure.
The study leverages genetic data from large-scale genome-wide association studies (GWAS).

Data Sources: To ensure robust and reliable analysis for this Mendelian Randomization (MR)
study titled “Assessing Respiratory Risks in Pediatric ICU Patients with Type 1 Diabetes Associated
with SARS-CoV-2 Infection: Insights from a Mendelian Randomization Analysis,” we meticulously
selected and curated genetic data from reputable Genome-Wide Association Studies (GWAS)
databases. Exposure: Type 1 Diabetes (T1D): Genetic variations strongly linked with T1D were
identified in the GWAS database using the research ID ebi-a-GCST90018925. Sakaue S. published this
dataset in 2021, which comprises a complete analysis of 24,182,422 single nucleotide polymorphisms
(SNPs) from the HG19/GRCh37 construct. The study population consists of 457,695 people of
European ancestry, including 6,447 cases of T1D and 451,248 controls. The huge sample size and high-
density genotyping give a solid platform for determining the genetic predisposition to type 1
diabetes. Outcome: Severe COVID-19 Infection with Respiratory Failure: For the outcome, we used
genetic variants linked with severe COVID-19 infection leading to respiratory failure from the GWAS
database, study ID ebi-a-GCST90000256. Ellinghaus D. conducted this 2020 study, which evaluated
8,095,992 SNPs on the HG19/GRCh37 construct in a population of 3,790 European descent, including
1,610 patients of severe COVID-19 with respiratory failure and 2,180 controls. The precision and
depth of this dataset ensure the dependability of our outcome measure in the MR analysis.

Both datasets were chosen based on their high-quality genetic data, large sample sizes, and
relevance to our study objectives. By combining these carefully curated GWAS data, we hope to
understand the potential causative link between T1D and severe respiratory outcomes in pediatric
ICU patients infected with SARS-CoV-2, offering vital insights into the underlying genetic pathways.

Instrumental Variable Selection: To enhance the validity and reproducibility of our findings
from this Mendelian Randomization (MR) study, we used a rigorous selection method for
instrumental variables (IVs). The choice of IVs was based on three key assumptions: IVs must be
strongly associated to the exposure (Type 1 Diabetes), uncorrelated with any confounding factors,
and have no direct effect on the outcome (severe COVID-19 infection with respiratory failure) other
than the exposure. To meet these criteria, we chose single-nucleotide polymorphisms (SNPs) with
genome-wide significance (P < 5x10"-8), indicating a substantial connection with Type 1 Diabetes
(T1D). Palindromic SNPs with unclear impact directions were discarded. We used linkage
disequilibrium (LD) clustering with a r? threshold of 0.01 and a window size of 1000 kb. We removed
SNPs with r2 larger than 0.01 within 1000 kb of the lead SNP. The MR-Pleiotropy RESidual Sum and
Outlier (PRESSO) global test was used to evaluate pleiotropy. Pleiotropic SNPs having a p-value
<0.05 were excluded. The F statistic was used to assess the strength of the IVs. An F statistic of 210
indicates a robust connection between the IVs and exposure.

Harmonization of Genetic Data and Instrumental Variable Analysis: The SNPs identified for
T1D were cross-referenced with those available in the severe COVID-19 infection dataset to ensure
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allele alignment and consistency in the direction of effect across both datasets, facilitating accurate
harmonization of the genetic data. Selected SNPs associated with T1D were then used as instrumental
variables (IVs) to estimate the causal effect of T1D on severe COVID-19 infection with respiratory
failure. This analysis was based on the assumptions that the selected SNPs are strongly associated
with T1D, influence severe COVID-19 infection solely through T1D (no pleiotropy), and are not
confounded in their relationship with the outcome.

Statistical Analysis: Mendelian randomization analyses were conducted using several methods,
including Inverse Variance Weighted (IVW) to provide a combined estimate of the causal effect, MR-
Egger Regression to assess potential pleiotropy and provide a causal estimate, and the Weighted
Median Approach, which offers a robust estimate even when up to 50% of the instruments are
invalid. The causal effect of T1D on the risk of severe COVID-19 infection with respiratory failure
was estimated, and the robustness of the findings was evaluated through sensitivity analyses.
MRbase Web Apps were used along with TwoSampleMR R package.

Interpretation of Results: The MR estimates were interpreted to determine whether T1D
causally influences the risk of severe COVID-19 infection. Heterogeneity tests and assessments for
directional pleiotropy were conducted to validate the consistency and reliability of the results. The
directionality of the causal relationship was tested using the Steiger test, ensuring that T1D is
upstream of the outcome.

Sensitivity Test: To ensure the robustness and reliability of the Mendelian Randomization (MR)
analysis, several sensitivity tests were conducted. First, the heterogeneity of the causal estimates was
evaluated using Cochran’s Q test, which identifies variability among the SNPs. Furthermore, the MR
Egger intercept test was employed to detect directional horizontal pleiotropy, indicating whether
genetic variants influence the outcome through pathways other than the exposure. Additionally, the
Steiger directionality test was used to confirm that the exposure (Type 1 diabetes) is upstream of the
outcome (severe COVID-19 infection with respiratory failure), ensuring the correct direction of
causality. A funnel plot was generated to assess the presence of bias, particularly publication bias, by
examining the symmetry of effect sizes from individual SNPs. Lastly, a leave-one-out sensitivity
analysis was performed, where each single nucleotide polymorphism (SNP) was sequentially
excluded from the analysis to determine if any single SNP disproportionately influenced the overall
causal estimate. These sensitivity tests collectively enhance the validity of the MR findings by
addressing potential biases and verifying the consistency and robustness of the causal estimates.

Example of Hypothetical Results and Conclusion: A significant positive association in MR
analysis would suggest that T1D increases the risk of severe COVID-19 infection with respiratory
failure, whereas a non-significant association would indicate that T1D does not have a causal effect
on severe COVID-19 infection risk. This Mendelian randomization study elucidates the potential
causal relationship between Type 1 diabetes and severe COVID-19 infection with respiratory failure.
By leveraging genetic data from extensive GWAS datasets, this approach provides valuable insights
into disease mechanisms and public health implications, particularly in the context of respiratory
complications among pediatric ICU patients with T1D during the COVID-19 era.

3. Results

Detailed Results of Mendelian Randomization Analysis: The Mendelian Randomization (MR)
analysis investigating the causal relationship between Type 1 diabetes (T1D) and severe COVID-19
infection with respiratory failure yielded consistent findings across all employed methods. The MR
Egger method showed an odds ratio (OR) of 0.9726 (SE: 0.138930, p-value: 0.844671), indicating no
significant causal effect of TID on severe COVID-19 infection, as evidenced by the p-value
substantially greater than 0.05. Similarly, the Weighted Median method yielded an OR of 0.9836 (SE:
0.104530, p-value: 0.873989), further demonstrating no significant causal effect, corroborated by the
high p-value. The Inverse Variance Weighted method produced an OR of 0.9756 (SE: 0.083776, p-
value: 0.768234), aligning with other methods and showing no significant causal effect, with a p-value
indicating no statistical significance. The Simple Mode method revealed an OR of 0.7648 (SE:
0.219149, p-value: 0.242919), where, despite the larger magnitude of the OR, the p-value remains
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above 0.05, suggesting no significant causal effect. Lastly, the Weighted Mode method indicated an
OR of 0.9853 (SE: 0.104027, p-value: 0.889348), also showing no significant causal effect, with a high
p-value supporting this conclusion (Table 1).

Table 1. Summary of Mendelian Randomization (MR) analysis for the causal effect of Type 1 diabetes
on severe COVID-19 infection with respiratory failure. NSNP is the number of single nucleotide
polymorphisms used. Odds Ratio (OR) estimates the causal effect size, with values <1 suggesting a
protective effect and values >1 indicating increased risk. Standard Error (SE) measures the precision
of the OR estimate. P-value assesses statistical significance, with values <0.05 considered significant.
All methods (MR Egger, Weighted Median, Inverse Variance Weighted, Simple Mode, and Weighted
Mode) indicate no significant causal effect, as all p-values are >0.05.

Method NSNP | Odds Ratio (OR) SE 95%ClI P value
MR Egger 14 0.9726 0.138930 | 0.7354-1.2859 | 0.844671
Weighted Median 14 0.9836 0.104530 | 0.8055-1.2012 | 0.873989
Inverse Variance Weighted 14 0.9756 0.083776 | 0.8290-1.1482 | 0.768234
Simple Mode 14 0.7648 0.219149 | 0.4913-1.1907 | 0.242919
Weighted Mode 14 0.9853 0.104027 | 0.8072-1.2031 | 0.889348

A forest plot illustrating the MR analysis (Figure 1) of the causal effect of T1D on severe
COVID-19 infection with respiratory failure further supports these findings. Each black dot in the
plot represents the effect size estimate for an individual single nucleotide polymorphism (SNP), with
horizontal lines indicating the 95% confidence intervals (Cls). The vertical dashed line at zero
represents the null hypothesis of no causal effect. Combined effect estimates from MR Egger and
Inverse Variance Weighted methods are displayed as red diamonds, with their respective 95% ClIs.
The plot demonstrates no significant causal relationship, as most SNP estimates and overall effect
estimates cross the zero line.
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Figure 1. Forest plot illustrating the Mendelian randomization (MR) analysis of the causal effect of
Type 1 diabetes on severe COVID-19 infection with respiratory failure. Each black dot represents the
effect size estimate for an individual single nucleotide polymorphism (SNP) with horizontal lines
indicating the 95% confidence intervals (Cls). The vertical dashed line at zero represents the null
hypothesis of no causal effect. Combined effect estimates from MR Egger and Inverse Variance
Weighted methods are displayed as red diamonds, with their respective 95% CIs. The plot
demonstrates no significant causal relationship, as most SNP estimates and overall effect estimates
cross the zero line.

Across all methods employed in this Mendelian randomization analysis, there is no significant
evidence to support a causal relationship between Type 1 diabetes and the risk of severe COVID-19
infection with respiratory failure. All p-values are well above the conventional threshold of 0.05,
indicating that the observed associations are not statistically significant. Therefore, based on this MR
analysis, Type 1 diabetes does not appear to causally influence the risk of severe COVID-19 outcomes.
These findings provide important genetic insights into the respiratory complications among pediatric
ICU patients with T1D in the context of the COVID-19 era. By leveraging robust genetic data from
extensive GWAS datasets, this study contributes valuable evidence to the understanding of disease
mechanisms and potential public health implications, particularly concerning respiratory health in
pediatric populations with T1D.
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Figure 2. Comparison of Mendelian Randomization (MR) methods for the causal effect of Type 1
diabetes (T1D) on severe COVID-19 infection with respiratory failure. Each black dot represents the
effect size estimate for an SNP, with horizontal and vertical lines indicating 95% confidence intervals
(CIs) for SNP effects on T1D and severe COVID-19 infection, respectively. Colored lines show
combined effect estimates: Inverse Variance Weighted (light blue), MR Egger (dark blue), Weighted
Median (Green), Simple Mode (light green), and Weighted Mode (purple). All methods indicate no
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significant causal relationship, as shown by lines near zero effect and wide CIs, supported by high p-
values.

Sensitivity Analyses

Heterogeneity Tests: Heterogeneity tests were conducted to assess variability in the causal
estimates from different genetic variants used in the Mendelian Randomization (MR) analysis.
Significant heterogeneity would suggest inconsistent causal effects due to factors such as pleiotropy
or other biases. The MR Egger method yielded a Q statistic of 13.86860 with 12 degrees of freedom
and a p-value of 0.3091776, indicating no significant heterogeneity as the p-value is greater than 0.05.
Similarly, the Inverse Variance Weighted method produced a Q statistic of 13.86957 with 13 degrees
of freedom and a p-value of 0.3830933, also showing no significant heterogeneity. These non-
significant p-values suggest that the causal estimates from the different genetic variants are
consistent, adding robustness to the conclusion that Type 1 diabetes does not have a significant causal
impact on the risk of severe COVID-19 outcomes (Table 2).

Table 2. Results of sensitivity tests for the Mendelian Randomization (MR) analysis of the causal effect
of Type 1 diabetes on severe COVID-19 infection with respiratory failure. The heterogeneity test
results include the Q statistics and p-values for the MR Egger and Inverse Variance Weighted (IVW)
methods, indicating no significant heterogeneity. The MR Egger intercept test for directional
pleiotropy shows an intercept close to zero and a high p-value, suggesting minimal pleiotropy. The
Steiger test confirms the correct causal direction with a higher SNP R? for the exposure (Type 1
diabetes) than for the outcome (severe COVID-19 infection) and a high p-value, indicating no
significant evidence against the hypothesized causal direction. These sensitivity tests collectively
enhance the robustness and reliability of the MR findings.

Test Metric Value Degrees of P-value
Freedom
Heterogeneity
Q Statistic (MR 13.869 12 0.3091776
Egger)
Q Statistic (IVW) 13.869 13 0.3830933
Directional Pleiotropy (MR Egger)
Egger Intercept 0.001012 X X
Standard Error (SE) 0.035030 X X
P value X 0.977409
Steiger Directionality
SNP R? (Exposure) 0.004047 X|
SNP R? (Outcome) 0.0036851
Cf)rreclt Causal TRUE N
Direction
Steiger P-value 0.8578485

Test for Directional Horizontal Pleiotropy: The test for directional horizontal pleiotropy,
conducted using the intercept from the MR Egger regression, assesses whether the genetic variants
influence the outcome through pathways other than Type 1 diabetes. The Egger intercept was
0.0010129, with a standard error (SE) of 0.0350308 and a p-value of 0.9774091. The intercept close to
zero indicates minimal to no directional pleiotropy, and the high p-value, well above the
conventional threshold of 0.05, suggests that the intercept is not significantly different from zero. This
result indicates that there is no significant evidence of directional pleiotropy among the genetic
variants used in the analysis. The high p-value suggests that the genetic variants do not have
pleiotropic effects influencing severe COVID-19 infection through pathways other than Type 1
diabetes. This lack of significant pleiotropy supports the validity of the MR estimates, reinforcing the
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conclusion that Type 1 diabetes does not have a significant causal impact on the risk of severe COVID-
19 outcomes (Table 2).

Steiger Test: The Steiger test was used to determine the direction of causality between Type 1
diabetes (T1D) and severe COVID-19 infection with respiratory failure. This test compares the
proportion of variance explained (R?) by the genetic variants in the exposure (T1D) to that in the
outcome (severe COVID-19 infection). The results show that the SNP R? for T1D is 0.004047, while
the SNP R? for the outcome is 0.0036851. The higher R? for T1D supports the hypothesis that T1D is
upstream of, or causally affects, the outcome. The Steiger test also produced a p-value of 0.8578485,
indicating no significant evidence against this hypothesis. Therefore, the results support the
conclusion that T1D causally affects severe COVID-19 infection with respiratory failure. However, it
is important to note that while the direction of causality appears correct, the MR analysis did not find
a statistically significant causal effect of T1D on severe COVID-19 outcomes. This reinforces the
robustness of the causal inference despite the lack of significant effect (Table 2).

Funnel Plot Analysis: A funnel plot is a scatter plot used in Mendelian Randomization (MR)
analyses to detect the presence of bias, particularly publication bias, and to assess the symmetry of
effect sizes from individual genetic variants. The x-axis represents the estimated causal effect
(\(\beta_{IV}\)), while the y-axis represents the precision of the estimates (1/SE_IV). In an unbiased
scenario, the plot should resemble a symmetrical inverted funnel. The provided funnel plot compares
the results from the Inverse Variance Weighted (IVW) and MR Egger methods. The black dots
represent the effect size estimates from individual single nucleotide polymorphisms (SNPs), plotted
against their precision. The dots are symmetrically distributed around the vertical line (\ (\beta_{IV}
=0\)), suggesting no substantial evidence of asymmetry or bias in the causal estimates. The y-axis
(1/SE_IV) shows varying precision levels of the SNP estimates, with higher values indicating more
precise estimates. The most precise estimates cluster around the vertical line, reinforcing the notion
of no significant causal effect. The light blue line represents the combined causal effect estimate from
the IVW method, and the dark blue line represents the MR Egger method. Both lines are centered
around zero, indicating that both methods consistently show no significant causal effect of T1D on
severe COVID-19 infection. The funnel plot demonstrates a symmetrical distribution of SNP
estimates around the zero-effect line, indicating no significant evidence of bias. Both the Inverse
Variance Weighted (IVW) and MR Egger methods yield consistent results, reinforcing the conclusion
that Type 1 diabetes does not have a significant causal effect on the risk of severe COVID-19 infection
with respiratory failure. This symmetry and consistency further validate the robustness and
reliability of the MR findings (Figure 3).
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Figure 3. Funnel plot illustrating the Mendelian Randomization (MR) analysis of the causal effect of
Type 1 diabetes (T1D) on severe COVID-19 infection with respiratory failure. Each black dot
represents the effect size estimate (3_IV) from an individual single nucleotide polymorphism (SNP)
plotted against its precision (1/SE_IV). The light blue line indicates the combined causal effect estimate
from the Inverse Variance Weighted (IVW) method, while the dark blue line represents the MR Egger
method. The symmetrical distribution of the SNP estimates around the zero-effect line suggests no
significant evidence of bias, with both methods consistently showing no significant causal effect.

Leave-one-out sensitivity analysis (Figure 4): The leave-one-out sensitivity analysis is a
robustness check in Mendelian Randomization (MR) studies, systematically excluding each single
nucleotide polymorphism (SNP) one at a time to evaluate the influence of individual SNPs on the
overall causal estimate. The provided plot displays the results for the causal effect of Type 1 diabetes
(T1D) on severe COVID-19 infection with respiratory failure. Each horizontal line represents the
causal effect estimate with one SNP excluded, with black dots indicating the point estimates and
horizontal lines representing the 95% confidence intervals (Cls). Most of the point estimates are
symmetrically distributed around the overall estimate (red diamond), and the 95% Cls for the
individual analyses mostly overlap with the overall estimate, indicating consistency in the results.
No single SNP significantly alters the overall causal estimate, suggesting that the estimate is not
driven by any SNP, which enhances the robustness of the findings. The red diamond represents the
overall causal effect estimate when all SNPs are included, with a narrow confidence interval
reinforcing the stability and reliability of the MR analysis. This demonstrates that the overall causal
effect estimate of T1D on severe COVID-19 infection with respiratory failure is robust to the exclusion
of individual SNPs, indicating that Type 1 diabetes does not have a significant causal effect on the
risk of severe COVID-19 infection with respiratory failure.
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Figure 4. Leave-one-out sensitivity analysis for the causal effect of Type 1 diabetes on severe COVID-
19 infection with respiratory failure. Each horizontal line represents the causal effect estimate with
one SNP excluded, with black dots indicating point estimates and horizontal lines representing the
95% confidence intervals (CIs). The red diamond at the bottom represents the overall estimate
including all SNPs. Consistency across analyses indicates no single SNP disproportionately influences

the results, enhancing the robustness and reliability of the findings.

4. Discussion

The primary aim of this study was to investigate the potential causal relationship between Type
1 Diabetes (T1D) and severe COVID-19 outcomes, specifically respiratory failure, in pediatric ICU
patients. Understanding this relationship is crucial for developing targeted interventions and
improving patient management in this vulnerable population, particularly during the ongoing
COVID-19 pandemic. Our Mendelian Randomization (MR) analysis, utilizing five different methods,
revealed no significant causal relationship between T1D and severe COVID-19 outcomes, including
respiratory failure, in pediatric patients. Notably, the Inverse Variance Weighted (IVW) method
reported an Odds Ratio (OR) of 0.9756 with a 95% Confidence Interval (CI) of 0.8290 to 1.1482 (P =
0.768234), and the MR Egger method yielded an OR of 0.9726 with a 95% CI of 0.7354 to 1.2859 (P =
0.844671). Other methods, such as Weighted Median, Simple Mode, and Weighted Mode, also
demonstrated no significant associations, reinforcing the robustness of our findings. These key results
suggest that T1D does not increase the risk of severe respiratory complications from SARS-CoV-2
infection.

This contrasts with numerous observational studies that have indicated an elevated risk for
severe COVID-19 outcomes in T1D patients. The consistency of our findings across various MR
methods underscores the reliability of our analysis and provides important insights for clinicians and
policymakers aiming to improve health outcomes for pediatric ICU patients with T1D during the
ongoing pandemic. Pal et al. (2020) and Boddu et al. (2020) highlight the significant burden of
COVID-19 globally, noting that the disease is particularly severe in patients with comorbidities,
including diabetes mellitus (DM), which is associated with acute respiratory distress syndrome


https://doi.org/10.20944/preprints202408.1522.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2024 doi:10.20944/preprints202408.1522.v1

11

(ARDS) and increased mortality [2,30]. Das et al. (2020) describes that diabetes was also a significant
risk factor during earlier coronavirus infections, such as SARS and MERS, and the influenza A HIN1
pandemic, with patients facing increased risks of respiratory complications, including pneumonia
and respiratory failure [1]. Lima-Martinez et al. (2021) observe that diabetics infected with SARS-
CoV-2 have higher rates of hospital admission, severe pneumonia, and mortality compared to non-
diabetic subjects, leading to ARDS [4]. Additionally, Badraoui et al. (2020) discuss the severe impact
of SARS-CoV-2 in inducing ARDS, a critical and life-threatening condition [31]. Yonekawa and
Shimono (2022) highlight the bidirectional relationship between diabetes and COVID-19, exacerbated
by the emergence of SARS-CoV-2 variants like Omicron, leading to severe outcomes, including ARDS
and mortality due to poor immune responses and chronic inflammation [32]. Wargny et al. (2020)
report that among T1D patients, 23.2% required tracheal intubation, 19.6% required ICU admission,
and 5.4% died by day 7 [8]. Gregory et al. (2021) found greater illness severity in T1D patients
compared to those without diabetes (OR 3.35, 95% CI 1.53-7.33) [22].

Moreover, few contradictory findings are noted in the study by Trieu et al. (2021), who observed
that most diabetic children did not have significant pulmonary disease, regardless of DKA severity,
in a case series at a tertiary care children’s hospital in Alabama [33]. Additionally, Roy and Demmer
(2022) emphasize the need for more population-based studies to understand the full impact of SARS-
CoV-2 outcomes on Type 1 diabetes, highlighting the importance of rigorous data collection and
adjustment for confounding factors [34].

Additionally, systematic reviews and meta-analyses from observational studies provide further
insights into the relationship between diabetes and severe COVID-19 outcomes. Nassar et al. (2021)
and Hartmann-Boyce et al. (2021) highlight that diabetics infected with SARS-CoV-2 have higher
rates of hospital admission, severe pneumonia, and mortality compared to non-diabetic subjects,
leading to ARDS [3,21]. Rysz et al. (2021) report a meta-analysis confirming that patients with
diabetes infected with SARS-CoV-2 had a 2.95-fold higher risk of fatality compared to those without
diabetes (95% CI: 1.93-4.53) [7]. This is supported by findings from Guo et al. (2020), who found that
diabetic patients exhibited higher levels of inflammation-related biomarkers, suggesting a higher
susceptibility to inflammatory storms that can lead to respiratory failure [35]. Wu et al. (2023) also
indicate that the inflammatory response to SARS-CoV-2 can lead to ARDS, particularly in individuals
with preexisting metabolic conditions like T1D [6]. Lampasona et al. (2020) noted that diabetes was
associated with increased levels of inflammatory biomarkers and a higher risk of death, even after
adjusting for age, sex, and other comorbidities [37].

Interestingly, patients with Type 1 Diabetes (T1D) are more likely to experience severe COVID-
19 outcomes due to several interrelated pathophysiologic processes. Chronic hyperglycemia in T1D
compromises immunological responses by lowering leukocyte activity, phagocytosis, and cytokine
production, resulting in insufficient immune defense against viruses such as SARS-CoV-2 [38—41].
Chronic inflammation, including high levels of IL-6, TNF-a, and other pro-inflammatory cytokines,
might worsen COVID-19 and cause a cytokine storm [13,35,42]. The overexpression of ACE2
receptors in T1D patients, which promotes viral entry, adds to the severity of infection [19,43,44].
Furthermore, hyperglycemia-induced oxidative stress and endothelial dysfunction exacerbate
immunological dysregulation and inflammatory responses, worsening COVID-19 outcomes
[13,21,45]. Socioeconomic determinants are also important, as diabetes and poor COVID-19 results
are linked to socioeconomic poverty [21]. Mitigating these risks during the COVID-19 pandemic
requires effective glycemic control management and close monitoring of T1D patients [4,40].

Observational studies, systematic reviews, and meta-analyses reveal that Type 1 Diabetes (T1D)
patients are more susceptible to severe COVID-19 outcomes. Chronic hyperglycemia impairs
immune responses, while elevated inflammation and cytokine storms worsen the severity. Increased
ACE2 receptors in T1D patients facilitate viral entry, and hyperglycemia-induced oxidative stress
exacerbates immune dysregulation. Socioeconomic factors further link T1D to poor COVID-19
outcomes. Consequently, T1D patients face a higher risk of severe respiratory failure from SARS-
CoV-2 infection due to these intertwined factors.
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These findings from observational studies, systematic reviews, and meta-analyses collectively
indicate that patients with Type 1 Diabetes are more susceptible to severe outcomes when infected
with SARS-CoV-2. In fact, many hypothetical opinions such as Chronic hyperglycemia compromise
immune responses by reducing leukocyte activity and cytokine production, leading to insufficient
viral defense. High levels of chronic inflammation and pro-inflammatory cytokines can trigger
cytokine storms, exacerbating COVID-19 severity. The overexpression of ACE2 receptors in T1D
patients facilitates viral entry, further intensifying the infection. Additionally, hyperglycemia-
induced oxidative stress and endothelial dysfunction worsen immune dysregulation and
inflammatory responses. Socioeconomic factors also play a role, linking diabetes and poor COVID-
19 outcomes to socioeconomic deprivation. Hence, patients with Type 1 Diabetes (T1D) are more
prone to severe outcomes from SARS-CoV-2 infection, including respiratory failure, due to several
interrelated factors.

While RCTs are the gold standard for establishing causality, they are not suitable for studying
the impact of SARS-CoV-2 associated respiratory failure on T1D patients due to ethical, feasibility,
and practical concerns [47,48]. Emanuel et al. (2004) emphasized alternative study designs that can
provide valuable insights without compromising ethical standards [48]. Observational studies and
retrospective analyses offer more ethical and practical alternatives [49]. Although, observational
studies are critical in medical research for establishing relationships between exposures and
outcomes. However, they have limits that affect their accuracy and reliability. Selection bias might
affect results since study populations do not necessarily reflect the overall population. Furthermore,
information biases, such as recollection and interviewer bias, can distort results [49-51]. Another key
difficulty is confounding, which occurs when other variables alter the relationship under study. The
differences between observational research and randomized controlled trials (RCTs) illustrate these
issues [52]. Complex control selection processes can have an impact on internal validity, whereas
small, samples limit external validity, making generalization difficult [50]. These limitations highlight
the importance of cautious interpretation and validation using RCTs wherever possible.

Under these circumstances, MR studies offer a valid and ethical alternative to RCTs for
investigating the impact of SARS-CoV-2 associated respiratory failure on T1D patients [53,54]. By
leveraging genetic variants, MR can control for confounding and reverse causation, providing
valuable causal inferences [55,56]. However, the validity of MR findings depends on the careful
selection of genetic instruments and the assumptions underlying the method [53,57]. Therefore, MR
studies are a powerful tool for exploring causal relationships in situations where RCTs are impractical
or unethical [54,55].

In our study genetic variants are used as instrumental variables, enabling Mendelian
Randomization (MR) to provide robust insights into the causal relationship between Type 1 Diabetes
(T1D) and severe COVID-19 outcomes. This approach minimizes the influence of confounding factors
and reverse causation, which often limits the reliability of observational studies. Consequently, our
MR analysis allows for a more definitive assessment of whether T1D directly contributes to the risk
of respiratory failure in COVID-19 patients, independent of the findings from observational studies,
systematic reviews, and meta-analyses. Despite numerous pathophysiological pathways suggesting
an increased susceptibility to worse outcomes, this study offers a clearer perspective on the causative
impact of T1D on COVID-19 severity.

Strengths: The study exhibits several notable strengths, starting with its clear and relevant title,
which immediately indicates its focus on the critical intersection of Type 1 Diabetes (T1D) and severe
COVID-19 outcomes in pediatric ICU patients. The comprehensive methodology, utilizing
Mendelian Randomization (MR), robustly investigates the causal relationship between T1D and
severe COVID-19 outcomes, effectively mitigating confounding and reverse causation inherent in
observational studies. The application of multiple statistical methods, including Inverse Variance
Weighted, MR-Egger Regression, and Weighted Median, adds robustness and reliability to the
findings through cross-validation. Additionally, the use of large-scale GWAS datasets ensures a high
level of statistical power, allowing for definitive conclusions. The detailed sensitivity analyses further
confirm the consistency and validity of the results, enhancing the study’s credibility. The discussion
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effectively translates these genetic findings into clinical insights, offering practical implications for
managing pediatric ICU patients with T1D. Addressing a significant gap in the literature, the study
provides valuable data specific to a vulnerable population, enhancing its relevance and potential
impact on clinical practice.

Limitations: Despite its strengths, our study has several limitations. The primary limitation is
the reliance on genetic data predominantly derived from individuals of European ancestry, which
may limit the generalizability of the findings to other ethnic groups. This demographic constraint
necessitates caution when extrapolating the results to more diverse populations. Additionally, while
MR is effective in isolating genetic causality, it does not account for non-genetic factors that might
influence the relationship between T1D and severe COVID-19 outcomes. These factors, such as
environmental influences and lifestyle, remain unexplored in our analysis, which could affect the
comprehensiveness of the findings.

Future Directions: Future research should aim to address the limitations identified in this study.
Expanding the genetic data to include a more diverse range of ethnicities will enhance the
generalizability of the findings and provide a broader understanding of the relationship between T1D
and severe COVID-19 outcomes. Additionally, integrating non-genetic factors, such as
environmental and lifestyle variables, into the analysis will offer a more holistic view of the risk
factors involved. Longitudinal studies that track patients over time could provide further insights
into the dynamic interactions between genetic predispositions and other influencing factors. These
directions will contribute to a more comprehensive understanding and better management strategies
for pediatric ICU patients with T1D facing severe COVID-19 outcomes.

5. Conclusion

This study thoroughly examined the potential causal relationship between Type 1 Diabetes
(T1D) and severe COVID-19 outcomes, specifically respiratory failure, in pediatric ICU patients using
Mendelian Randomization (MR) analysis. Our findings clearly show no significant causal link
between T1D and severe COVID-19 outcomes, with consistent results across multiple MR methods.
This conclusion contrasts with numerous observational studies suggesting an increased risk of severe
outcomes in T1D patients. Future research should address the limitations of this study by including
genetic data from a more diverse range of ethnicities, enhancing the generalizability and providing a
broader understanding of the relationship between T1D and severe COVID-19 outcomes.
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