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Abstract: Background/Objectives: Myasthenia gravis (MG) comprises an autoimmune
disorder marked by muscle weakness and fatigue. MG frequently coexists with other
autoimmune conditions, such as diabetes mellitus, which may exacerbate the clinical
burden of MG and adversely impact overall quality of life. Methods: This systematic
review and meta-analysis aimed to assess the prevalence of diabetes in patients with MG.
Following PRISMA guidelines, a comprehensive search was conducted in the MEDLINE
PubMed, Scopus, and Google Scholar databases. Results: A total of 11 studies comprising
16,825 patients were included. The pooled prevalence of diabetes among MG patients
was 15.6% (95% CI [8.4%, 24.7%]; I2 = 99%, p < 0.001). Compared to healthy controls, MG
patients had a 1.24-fold increased risk of developing diabetes (95% CI [1.01–1.54], p < 0.001).
Meta-regression showed no association between age and diabetes prevalence, although
potential publication bias was noted (Egger’s test, p = 0.72). Conclusions: This meta-
analysis reveals a higher prevalence of diabetes among MG patients, with an elevated risk
compared to healthy individuals. These findings suggest that the association between MG
and diabetes may be mediated by corticosteroid use, genetic factors, and reduced physical
activity. The main limitations of this study are the lack of reported data regarding the
type of diabetes and patients’ demographic and disease characteristics (MG classification
severity and duration and type of treatment). Further studies are needed to investigate
the underlying causal mechanisms and to elucidate the relationship between MG and
diabetes subtypes.

Keywords: myasthenia gravis; diabetes mellitus; autoimmune disorders

1. Introduction
Myasthenia gravis (MG) is a rare autoimmune neuromuscular disorder character-

ized by fatigable weakness of voluntary muscles, primarily due to autoantibodies either
to acetylcholine receptors (AChR Abs), muscle-specific kinase antibodies (MuSK-Abs),
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low density lipoprotein receptor-related protein 4 (LRP-4-Abs), or titin antibodies [1–4].
Myasthenia gravis (MG) can be classified based on clinical presentation into ocular MG,
which is limited to the extraocular muscles, and generalized MG, which involves additional
muscle groups including bulbar, neck, limb, and respiratory muscles [1,4]. In addition
to differences in clinical manifestations, treatment approaches also vary, with ocular MG
typically requiring lower doses of corticosteroids compared to the generalized form [1,4].
Comorbid disorders, such as diabetes mellitus, are frequently encountered in MG, espe-
cially in late and late-onset MG patients (onset of disease > 50 and ≥65 years, respectively).
The existence of such comorbid conditions can increase morbidity, mortality, and influence
therapeutic decisions, negatively impacting patients’ daily functioning and overall quality
of life [5].

Although research on the prevalence and potential associations between MG and
various comorbidities, including diabetes mellitus, remains limited, there has been a
growing shift in research interest toward this topic in recent years [1]. Diabetes mellitus,
in particular, is a chronic metabolic disorder characterized by hyperglycemia, which has
been reported to occur frequently in patients with MG. While there is a possibility that the
connection between MG and diabetes is mediated by a pathophysiological predisposition
shared between autoimmune conditions, the underlying etiology behind this increased
incidence is likely more complex, entailing genetic factors, effects of treatments commonly
used in MG (such as corticosteroids), and lifestyle factors [6–8].

Despite the growing body of literature on this topic, previous studies have reported
varying rates of diabetes incidence within the myasthenia gravis (MG) population. How-
ever, these findings have not been systematically analyzed, resulting in uncertainty regard-
ing the true prevalence of diabetes among MG patients. To address this issue, the present
study will conduct a systematic review and meta-analysis to estimate the prevalence of
diabetes in this population. This systematic review and meta-analysis aim to provide
valuable insights into the frequency of diabetes and its relationship with MG, thereby
informing current clinical practices and supporting personalized treatment approaches.

2. Materials and Methods
2.1. Standard Protocol Approvals and Registrations

The pre-specified protocol of this systematic review and meta-analysis is registered in
the Open Search Foundation (OSF) (registration: OSF.IO/NYZRG). This meta-analysis was
reported according to the updated Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [9] and was written following the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) proposal [10]. This study did not require
an ethical board approval or written informed consent.

2.2. Data Sources, Searches, and Study Selection

A systematic literature search was conducted to identify eligible studies reporting on
diabetes in patients with MG. The literature search was performed by two independent
reviewers (VG, VS) and included three databases: the MEDLINE PubMed, Scopus, and
Google Scholar (first 200 results). The search included the following terms: “myasthenia
gravis”, “generalized myasthenia gravis”, and “diabetes mellitus”. The complete search
algorithm is presented in the Supplementary Materials. No language or other restrictions
were applied. The search spanned from the inception of each database to 1 September 2024.
Furthermore, the reference lists of published articles were manually searched. Clinical
trials, population-based studies or registries, and observational cohort studies reporting on
diabetes in patients with MG versus healthy controls were eligible for inclusion.
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Based on the predefined protocol, studies were excluded if they (1) did not include
patients with a definite MG diagnosis; (2) reported outcomes not aligned with our inclu-
sion criteria; (3) were case series, case reports, commentaries, narrative and systematic
reviews, non-peer reviewed studies, pre-prints, and conference abstracts; (4) had purposive
sampling; and (5) had a sample size smaller than 30 patients. In the case of overlapping
data between studies, the study with the largest dataset was retained. Retrieved records
were assessed by the two independent reviewers (VG, VS), and any disagreements were
resolved by the corresponding author (SG).

2.3. Quality Control, Bias Assessment, and Data Extraction

The risk of bias for the relevant domains of each included study was assessed by
two independent reviewers (VG, VS) using the Risk of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool [11]. Disagreements were settled by the corresponding
author (SG). Data from individual studies, including author names, date of publication,
study design, country, events (diabetes cases, type of diabetes), and patient characteristics
were extracted in structured reports.

2.4. Outcomes

An aggregate data meta-analysis was performed with the inclusion of the identified
population-based studies or registries and observational cohort studies.

The predefined primary outcome measures were (i) the pooled prevalence of diabetes
in the MG patient population and (ii) the relative risk of diabetes in patients with MG
versus healthy controls. Secondary outcomes included potential relationships between the
risk of diabetes and demographic characteristics.

2.5. Statistical Analysis

For the aggregate meta-analysis, the pooled prevalence with the corresponding 95%
confidence interval (95% CI) was calculated using the Freeman–Tukey variance-stabilizing
double arcsine transformation [12,13]. The random-effects model of meta-analysis (DerSi-
monian and Laird) was used to calculate the pooled estimates [14]. Pairwise comparisons
were conducted between MG patients and the general population and were reported using
risk ratios (RRs) and corresponding 95% confidence intervals (95% CIs). Heterogeneity was
assessed with the I2 index (values > 50% and values > 75% were considered to represent
substantial and considerable heterogeneity, respectively) and Cochran Q statistics. The
significance level for the Q statistic was set at 0.1. Publication bias across individual studies
was assessed by Funnel plot inspection and the result of the Egger’s linear regression
test [15]. All statistical analyses and figure production were carried out using RStudio for
IOS [R studio/R Meta package] (v.4.5.0) [13,15].

2.6. Data Availability Statement

All data generated or analyzed during this study are included in the article and its
Supplementary Materials files.

3. Results
A total of 3418 records were identified by the systematic literature search. After

duplicate removal and the implementation of the inclusion–exclusion criteria, 36 articles
were further assessed. Finally, 11 studies were included in the meta-analysis (Figure 1,
Table 1).
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Figure 1. Prisma flow-chart.

Table 1. Study characteristics [1,16–25].

Author MG
Sample

Diabetes
Cases in

MG

MG
Sample

Age
(Years)

Control
Group
Sample

Diabetes
Cases in
Control
Group

Fang et al. 2014 2045 83 10,221 210
Yeh et al. 2015 1520 131 45.7 6080 438

Westerberg et al. 2018 70 2 47.5 188 23
Chu et al. 2019 349 71 1396 169

Kassardjian et al. 2020 3823 908 63.8 15,292 3156
Donsokov et al. 2021 83 7 58 50 9

Liou et al. 2021 5528 470 5528 504
Sherman et al. 2021 372 217 249,428 104,304
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Table 1. Cont.

Author MG
Sample

Diabetes
Cases in

MG

MG
Sample

Age
(Years)

Control
Group
Sample

Diabetes
Cases in
Control
Group

Yu-Dong Liu et al. 2023 118 22 526 64
Di Stefano et al. 2024 178 28 59.2 178 11
Zhdanava et al. 2024 2739 588 56.2 2739 622

3.1. Quality Assessment

Studies were assessed using the Robins-I tool and presented with a low-to-moderate
risk of bias due to the confounding and reporting of outcomes (Supplementary Figure S1,
Supplementary Figure S2).

3.2. Quantitative Results
Primary Outcomes

A total of 11 studies [1,16–25], including 16,825 patients diagnosed with MG and
291,626 controls, were included (Table 1). The majority of the studies did not differen-
tiate between diabetes mellitus type I and type II. Studies did not report stratified data
between diabetes occurrence and MG type (ocular versus generalized), MG severity, MG
treatment (acetylcholinesterase inhibitors, steroid treatment, and non-steroid immuno-
suppressive treatment), or the duration of treatment. In four studies that reported the
type of MG [17,18,21,25] treatment, the percentage of participants receiving non-steroid
immunosuppressive therapy ranged from 3% to 51%.

The pooled prevalence of diabetes (regardless of type) among patients with MG was
15.6% (95% CI [8.4%, 24.7%], I2 = 99%, p < 0.001) (Figure 2), while in the control group, the
aggregated pooled prevalence was 13.5% (95% CI [7.9%, 20.3%]; I2 = 100%, p < 0.001). The
relative risk of diabetes in patients with MG versus controls was found to be 1.24 (95% CI
[1.01, 1.54]; I2 = 89% p < 0.001), which indicates that patients with MG have a 1.24-fold
increased risk of developing diabetes compared to healthy individuals (Figure 3).

Figure 2. Pooled prevalence of diabetes in patients with MG [1,16–25].

3.3. Secondary Outcomes

In a subset of six [17,18,20,21,24,25] studies that provided data regarding the patients’
age, the potential association between diabetes risk and age was assessed using meta-
regression with no statistically significant associations detected (β = 0.004, p = 0.12).
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Figure 3. Relevant risk of diabetes in patients with MG versus healthy controls [1,16–25].

3.4. Publication Bias Assessment

Funnel plot inspection and Egger’s linear regression test (β = 0.55, p = 0.72) were both
indicative of low-degree risk of publication bias for the relative risk of diabetes in patients
with MG.

4. Discussion
To our knowledge, this is the first systematic review and meta-analysis to examine

both the prevalence and relative risk of diabetes in patients with MG. We analyzed data
from 11 studies, comprising 16,825 patients with MG, and demonstrated that the pooled
prevalence of diabetes in this population was 15.6%. This estimate significantly exceeds the
global prevalence of diabetes mellitus, which was estimated by the 2021 Global Burden
of Disease Collaborative Network study and ranges between 9% and 10%, as well as the
prevalence of diabetes in high-income countries, which amounts to 10.4% [26]. Furthermore,
our findings indicate that patients with MG have a 1.24-fold increased risk of developing
diabetes compared to healthy controls. These findings have significant clinical relevance
as they provide robust evidence for the co-occurrence of diabetes and MG, as ascertained
by the large sample size (16,825 MG patients and 291,626 healthy controls) and the low
degree of publication bias in the included studies. However, it is important to note that
the studies included in this systematic review and meta-analysis reported diabetes as part
of the baseline characteristics assessment, i.e., without consistently specifying the type of
diabetes or indicating whether the condition predated study participation. This limitation
restricts our ability to draw firm conclusions about the causality or directionality of the
association between MG and diabetes.

When interpreting the aforementioned evidence, it is crucial to consider the potential
bidirectional relationship between MG and diabetes. Numerous studies have demon-
strated that individuals frequently develop diabetes before a diagnosis of MG, resulting in
heightened susceptibility to MG compared to those without diabetes [1]. Conversely, other
research suggests that individuals with MG are at an increased risk of developing diabetes
during the course of MG [17]. Several hypotheses have been proposed in the literature
regarding the underlying associations between MG and both type I and type II diabetes.
Specifically, genetic associations have been suggested for type I diabetes and MG, while
type II diabetes may be linked to the cardinal clinical features of MG and treatment-related
adverse events.

Regarding genetic susceptibility, previous studies have suggested a shared genetic
predisposition between MG and type I diabetes. Wang et al. (2022) [27] and Chuang Wen
Yu et al. [28] identified a link between the +49 A/G coding polymorphism in the CTLA4
gene and thymoma-positive MG, as well as other autoimmune conditions, including
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type I diabetes. This polymorphism occurs in the first exon, resulting in an amino acid
change (Thr17Ala) that alters the glycosylation pattern of the mature protein, reducing its
expression on the cell membrane [29,30]. Furthermore, studies indicate that the PTPN22
T allele polymorphism is associated with non-thymoma MG in the absence of anti-titin
antibodies [31]. This missense polymorphism changes arginine (R) to tryptophan (W)
at position 620, impairing its interaction with the tyrosine kinase Csk, which enhances
PTPN22 activation and decreases interleukin-2 production, thus increasing susceptibility
to type I diabetes [32].

On the other hand, the relationship between type II diabetes mellitus and MG appears
to be more closely linked to corticosteroid use and reduced physical activity stemming from
fatigable skeletal muscle weakness [17]. Corticosteroids are the first-line immunosuppres-
sive therapy for MG due to their rapid clinical effect and high efficacy. However, chronic
use of corticosteroids is associated with numerous severe side effects, including elevated
serum glucose levels [6]. Previous studies have indicated that corticosteroid use can double
the risk of developing type II diabetes, with risk ratio estimates ranging from 1.36 to 2.31. A
more recent meta-analysis revealed that 32.3% of patients treated with glucocorticoids de-
veloped hyperglycemia, while 18.6% developed glucocorticoid-induced type II diabetes [6].
Furthermore, another study, which compared MG patients receiving corticosteroid treat-
ment to those who did not, demonstrated that corticosteroid use significantly increased the
risk of diabetes occurrence in these patients (HR = 1.46; 95% CI = 1.15–1.86) [17].

Another potential pathophysiological link between MG and type II diabetes mellitus
involves advanced glycation end products (AGEs), which are markedly elevated in the
early stages of type II diabetes and are hypothesized to contribute to MG pathogenesis [1].
AGEs serve as ligands for the receptor for AGEs (RAGE), triggering inflammatory signaling
pathways that lead to the production of cytokines and growth factors. Furthermore, AGEs
stimulate the proliferation of CD4(+)CD28(-) T cells, which play a role in autoimmune dis-
eases [5,19]. Bouchikh and colleagues [33] reported that MG patients with elevated RAGE
expression in thymic tissue also showed increased levels of AChR antibodies, suggesting
that AGEs-RAGE signaling may be crucial in MG pathophysiology. However, further
studies are needed to clarify this relationship and to explore the role of AGEs in immune
system activation and their potential impact on the MG-diabetes association.

Finally, in addition to treatment effects, the reduced physical activity levels and
increased fatigue experienced by patients with myasthenia gravis (MG) may also increase
the risk of type II diabetes mellitus [7,34,35]. Exercise capacity in MG patients can be
limited due to fatigability and the involvement of limb and respiratory muscles, leading
to further reductions in physical activity. This inactivity can exacerbate corticosteroid-
induced hyperglycemia, bone loss, and muscle atrophy. Notably, Li et al. demonstrated
that even MG patients not receiving corticosteroid treatment exhibited a higher prevalence
of glucose and lipid metabolic disorders, likely due to insulin resistance linked to physical
inactivity [36]. Therefore, MG patients with sustained clinical improvement should be
encouraged to engage in physical activity through individualized training programs [37].
Given that a sedentary lifestyle combined with reduced physical activity has been associated
with poor glycemic control, metabolic imbalance, and an increased risk of type II diabetes
mellitus, these factors may contribute to the observed associations between MG and
diabetes [8].

Limitations

Some limitations of the present systematic review and meta-analysis should be ac-
knowledged. First, there was a substantial degree of heterogeneity among the included
studies. Second, most studies did not differentiate between type I and type II diabetes
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mellitus. Third, as indicated by the risk of bias analysis, several studies failed to report key
data on patients’ demographic and disease characteristics (e.g., MG classification, MG sever-
ity, duration of treatment, and type of treatment (acetylcholinesterase inhibitors, steroid
treatment, non-steroid immunosuppressive treatment)) in relation to diabetes prevalence.
Finally, although we found no association between diabetes risk and age, this conclusion
was based on a small subset of studies that provided data for meta-regression. Therefore,
future larger, well-designed controlled studies are warranted to corroborate these findings.

5. Conclusions
This study highlights the significant prevalence of diabetes among patients with MG,

emphasizing a concerning association that warrants further investigation. The elevated
risk of diabetes in this cohort may be linked to several factors, including (a) underlying
genetic predispositions, (b) extensive corticosteroid therapy, and (c) decreased physical
activity due to MG. However, the current analysis cannot establish causality, as data on
the temporal relationship between the onset of diabetes and MG are lacking. Future
research should aim to systematically explore the sequence of disease onset, the type of
diabetes, and pertinent clinical factors—such as cumulative corticosteroid exposure, non-
steroid immunosuppressive treatment and treatment duration—in patients with MG and
concurrent diabetes. This comprehensive approach will enhance our understanding of the
interplay between these conditions and guide the development of targeted preventive and
management strategies.

Supplementary Materials: The following supporting information (search algorithm, risk of bias plot
and funnel plot) can be downloaded at https://www.mdpi.com/article/10.3390/jcm14124221/s1;
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