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Hypothyroidism and dermato/
polymyositis: a two-sample
Mendelian randomization study
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Objective: Observational studies have revealed a higher probability of
hypothyroidism in patients with dermatomyositis (DM) or polymyositis (PM),
but there is no consensus on whether hypothyroidism causally influences DM
or PM. In the present study, we assessed the causal association between
hypothyroidism and the risk of dermatomyositis or polymyositis using two-
sample Mendelian randomization (TSMR).

Methods: The genome-wide association data of hypothyroidism and
dermatomyositis/polymyositis were obtained from the IEU Open GWAS
project. Then, TSMR was used to determine whether hypothyroidism is
causally associated with DM or PM. Single-nucleotide polymorphisms (SNPs)
significantly associated with hypothyroidism were identified and used as
instrumental variables (IVs), and the causal relationship between
hypothyroidism and DM/PM was examined using TSMR. MR pleiotropy and
Cochran’s Q test were used to confirm the heterogeneity and pleiotropy of
identified IVs, then four different models, including the inverse variance weighted
model (IVW), MR-Egger, weighted median and weighted model were applied in
this MR analysis.

Results: Sixty-eight SNPs for DM and 68 SNPs for PM were selected as the Vs
(P<5x1078; linkage disequilibrium R? <0.001) to assess the causal association
between hypothyroidism and DM/PM selected from GWASs on hypothyroidism.
The results revealed a positive causal effect of hypothyroidism on both DM and
PM (DM: OR 2.563, 95% CI [1.348, 4.874], P = 0.00156; PM: OR1.709, 95% ClI
[1.157, 2.525], P =0.007). Moreover, there was no heterogeneity or pleiotropy in
the results.

Conclusion: In conclusion, the MR analysis results provided strong evidence to
indicate that hypothyroidism might be causally associated with DM and PM.
These findings may have important implications for the pathogenesis and
possible future therapies of DM/PM.
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1 Introduction

Idiopathic inflammatory myositis (IIM) is a type of
heterogeneous immune-mediated disease characterized by the
chronic inflammation of skeletal muscle. The main clinical
manifestations are progressive muscle weakness and muscle pain
in the proximal extremities (1). The most common clinical subtypes
of IIM in adults are polymyositis (PM) and dermatomyositis (DM)
(2, 3), which are characterized by the subacute onset of symmetric
proximal muscle weakness, common involvement of other organ
systems, such as the lungs and skin, a strong association with
autoantibodies, and responsiveness to immunosuppression. Both
are widely accepted as having an autoimmune basis. Both genetic
and environmental factors can affect the occurrence and
development of DM or PM (4), but existing research has not
been able to clarify the pathogenesis of DM and PM. Even worse,
treatment options in DM/PM are limited thus far. Understanding
the comorbidities in these patient populations, particularly their
relationship, is essential and can improve clinical practice, including
survival and health-related quality of life.

Muscular functionality may be influenced by inflammation but
also by the endocrine system. In particular, thyroid hormones play a
pivotal role in controlling fiber myogenesis, damage repair and
transcription profiles; in individuals with hypothyroidism, muscle
functionality markedly decreases (5). Hypothyroidism is an
endocrine disease caused by the reduction of thyroid hormone
synthesis and secretion or the weakening of tissue function (6).
Studies have shown that hypothyroidism is associated with
autoimmune diseases (7). In a study conducted in Poland, seven
of 28 (25%) DM or PM patients had hypothyroidism as a
comorbidity (8), and a large case-control study from Israel of
12,278 patients found that the rate of hypothyroidism was
significantly (11.2%) higher and significantly (P < 0.0001)
associated with DM/PM (9).

Prior studies have found that hypothyroidism is related to DM/
PM, but whether there is a causal connection between them is yet
unknown. Evidence of the link between hypothyroidism and DM/
PM is scarce and mainly anecdotal, based on case reports or case
studies; in addition, there is a lack of relevant data from randomized
controlled trials, which are difficult to conduct due to practicality,
cost, and ethical considerations. However, inadequate adjustment
for potential confounding factors can bias the relationship between
hypothyroidism and DM/PM. Therefore, a better approach is
needed to assess their causal relationship.

Mendelian randomization (MR) is a technique that uses genetic
variants as instrumental variables (IVs) to assess whether an
observational association between a risk factor and an outcome is
consistent with a causal effect (10). The two-sample MR is a method
used to estimate the causal effect of an exposure on an outcome
using only summary statistics from genome-wide association
studies (GWAS). The genetic variant-risk factor association and
the genetic variant-outcome association come from independent
study populations. Additionally, it is imperative that the two
samples represent similar underlying populations (11). Given the
increased statistical power of the two-sample MR method, which
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can leverage existing aggregated data from large-scale GWAS
consortia (12).

In this study, we conducted a two-sample MR analysis using
GWAS summary statistics from a publicly available GWAS
database to investigate the causal effects of hypothyroidism on the
risk of developing DM or PM and to further elucidate the genetic
correlation between hypothyroidism and DM/PM.

2 Methods
2.1 Study design and participants

The MR design investigates the causal relationship between a
risk factor and an outcome based on observational data, using the
random genetic assignment at conception as a natural experiment.
To investigate the causal connections between hypothyroidism and
DM/PM, in this TSMR analysis, we regard hypothyroidism as the
exposure (risk factor) and DM/PM as the outcomes. We utilized
data from the most recent genome-wide association studies
(GWASs) on hypothyroidism and DM/PM obtained from the
IEU Open GWAS database (https://gwas.mrcieu.ac.uk/datasets).
The hypothyroidism GWAS summary dataset, which was used as
the exposure, contained data for 410,141 individuals. There were
two outcome datasets: polymyositis GWAS data (119 patients and
213,145 control individuals) and dermatomyositis GWAS data (201
patients and 172,834 control individuals). The disease diagnosis met
the criteria of Phecode and ICD-10 (13, 14). Figure 1 shows the
flowchart of the MR study on the association between
hypothyroidism and DM/PM.

A two-sample design necessitates that both samples represent
similar underlying populations, with no overlap between them, as
overlapping cases can introduce bias into MR estimates towards

Hypothyroidism summary date
from GWAS (Exposure)

l |

Obtain SNPs
which highly related to exposure(P<108)

Dermatomyositis and polymyositis
summary date from GWAS (Outcome)
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I |
v
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'

Harmonize effect size and alleles of SNPs
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y
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FIGURE 1
Flowchart of TSMR design.
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observed associations. Therefore, all participants in our two-sample
MR study were drawn from distinct cohorts of European ancestry.
Such selection typically enhances statistical power (11).

2.2 Instrumental variable selection

The selection of genetic instrumental variables is crucial for the
success of Mendelian studies. To achieve unbiased estimation of the
causal relationship between exposure and outcome, three core
assumptions must be met (12): (1) associated with the risk factor;
(2) not associated with any confounder of the risk factor outcome
association; (3) not associated with the outcome conditional on the
risk factor and confounders. To fulfil the assumptions, first, we
selected the corresponding single-nucleotide polymorphisms
(SNPs) from hypothyroidism exposure at the threshold of
genome-wide significance (5x107%). Then, to rule out a
correlation with the outcome, linkage disequilibrium (LD) was
estimated between SNPs to select independent genetic variants
using the clump parameter (clumping window size = 10,000 kb,
linkage disequilibrium coefficient R* < 0.001) based on the 1000
genomes reference panel regarding Europeans as the
superpopulation (15). Third, F statistics were calculated to
estimate the sample overlap effect and weak instrument bias
considering the relatively relaxed threshold, and an F < 10 was
considered dubious bias (16).

Finally, to further address potential confounding factors, we
utilized the PhenoScanner website (http://www.phenoscanner.
medschl.cam.ac.uk/) to conduct additional screening of the
selected instrumental variables. If any instrumental variable was
found to be associated with risk factors related to the outcome, it
was subsequently removed.

2.3 Pleiotropy and heterogeneity analysis

We used Cochran’s Q test to evaluate heterogeneity in the
estimates of heterogeneity calculated by the inverse-variance
weighting (IVW) and MR-Egger methods (17). Significant
heterogeneity was indicated if P < 0.05, and a random-effects
model was adopted in the subsequent analyses; otherwise, a fixed-
effects model was adopted.

To ensure that instrumental variables did not influence DM or
PM through other confounders or other biological pathways
independent of hypothyroidism exposure, we performed the MR-
Egger regression effects model and the MR pleiotropy residual sum
and outlier test (MR-PRESSO) as pleiotropy test methods (18, 19)
to check and correct directional pleiotropy. The effects of outlying
IVs identified by MR-PRESSO tests were further evaluated in a
distortion test, and any outliers associated with P < 0.05 were
excluded and the causal estimates were reassessed. The MR Egger
intercept test and P values were included in the analysis, and P >
0.05 indicated no significant pleiotropy. We also performed a
“leave-one-out” analysis to investigate the possibility that the
causal association was driven by a single SNP (20).
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2.4 Statistical analyses

To evaluate the overall impact of hypothyroidism on DM/PM,
we used the inverse variance weighted (IVW) as the main analysis
method. When directional pleiotropy is absent, the IVW method
can deliver a relatively stable and accurate causal evaluation by
using a meta-analytic approach to combine Wald estimates for each
instrumental variable. We also used MR-Egger, weighted median
and weighted mode methods to evaluate the causal relationship
between hypothyroidism exposure and DM/PM risk. MR-Egger
allows for some of the SNPs to affect the outcome through
mechanisms not involving modification of the exposure.
Weighted median MR assumes that at least 50% of the SNPs are
valid. Weighted-mode MR groups SNPs into clusters and calculates
an estimate based on the cluster with the most SNPs. MR-Egger,
weighted median, and weighted mode are alternative MR methods
that are more robust to directional pleiotropy and were used to
calculate estimates for comparison with the IVW estimates (21).

This TSMR analysis was performed using R software (version
4.3.1) with the TwoSampleMR (version 0.5.7) and MR-PRESSO
packages (version 1.0.0). The significance threshold for
instrumental variables that may have horizontal pleiotropy was
P< 0.05, and P > 0.05 indicated no significant heterogeneity in the
screened instrumental variables. Causal estimates were given as
odds ratios (ORs) and 95% confidence intervals. We used publicly
available summary data, so no ethical approval was needed.

3 Results

3.1 Extraction of instrumental variables of
hypothyroidism from DM/PM
GWAS datasets

After the instrument selection process described above, 68 SNPs
were extracted from each of the two GWAS datasets, DM and PM.
All of these SNPs were found to be associated with hypothyroidism
at genome-wide significance (P< 5x10%), making them potential
instrumental variables for hypothyroidism and DM/PM
(Supplementary Table 1). The F-statistics were all greater than 10,
suggesting that weak instrument bias may not have been substantial.
The eftect alleles, other alleles, beta coefficients, standard errors (SE),
and P-values of these instrumental variables were systematically
collected for further analysis (Supplementary Table 1).

3.2 Two-sample MR analysis

In the IVW component of our TSMR analysis, genetically
predicted hypothyroidism was estimated to increase the risk of
both DM and PM (OR = 2.563, 95% CI 1.348-4.874, P = 0.00156)
and (OR =1.709, 95% CI 1.157-2.525, P = 0.007), respectively. The
same results were shown in the other analysis methods (Table 1). As
shown in Table 1 and Figures 2, 3, although the weighted mode of
the PM GWAS MR analysis results was not significant, the results of
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TABLE 1 MR estimates from each method of assessing the causal effect of hypothyroidism on the risk of DM/PM.

Exposure Outcome No.SNP Methods B SE OR (95%Cl) Pvalue
MR Egger 1.092 0.339 2.980(1.53-5.80) 0.001994
Weighted median 0.772 0.233 2.164(1.371-3.415) 0.000914
Hypothyroidism DM 68
Inverse variance weighted 0.508 0.161 2.563(1.348-4.874) 0.00156
Weighted mode 0.941 0.328 1.005(1.000-1.001) 0.005473
MR Egger 1.179 0.423 3.251(1.418-7.456) 0.006997
Weighted median 0.67 0.293 1.953(1.101-3.467) 0.02214
Hypothyroidism PM 68
Inverse variance weighted 0.536 0.199 1.709(1.157-2.525) 0.007049
Weighted mode 0.713 0.484 2.041(0.790-5.268) 0.1452

DM, dermatomyositis; PM, polymyositis; SNP, single nucleotide polymorphism; f, beta coefficient; SE, standard error; OR, odds ratio. 95% CI, 95% confidence intervals. P <0.05 was considered

statistically significant.

the other three methods were significant, and the ORs of the four
methods were all positive. Figures 2A, B show detailed forest plots
with the estimated MR. Each solid horizontal line in the forest plot
represents the results estimated based on a single SNP. The Wald
ratio method was utilized, and the overall effect estimate (depicted
by the red line at the bottom) is positioned entirely to the right of 0,
indicating that increased exposure to hypothyroidism is associated
with an increased risk of developing DM and PM.

As demonstrated in Table 1 and Figures 2C, D, each point in the
scatter plot corresponds to a genetic variant (SNP), illustrating the
association between that SNP and both exposure and outcome.
Different lines represent the fits produced by different models, and
slopes greater than 0 indicate that exposure to hypothyroidism is a
risk factor for developing DM and PM. The regression lines
obtained by these four methods were in the same direction, and
the promoting effect of a single SNP on DM/PM increased as the
effect of a single SNP on hypothyroidism increased. A summary
view of the four methods all showed significant relationships
between both hypothyroidism and DM/PM (Figures 3A, B). The
results of TSMR prove that hypothyroidism is a risk factor for DM/
PM at the genetic level.

To further clarify the overall impact of hypothyroidism on DM
and PM, we performed a meta-analysis of the results of the main
analytical method, IVW, which revealed an OR of 1.91 (95% CI
1.37-2.66), suggesting that hypothyroidism is a risk factor for DM
and PM (Figure 3C). The results of the meta-analysis also validate
the findings of TSMR. However, it is imperative to assess the
heterogeneity and pleiotropy of the results. There was no
evidence of heterogeneity (Q = 82.26, P = 0.0853) in Cochran’s Q
test and no pleiotropy in the MR-Egger regression (intercept=
-0.075, SE = 0.044, P= 0.0914) of the MR analysis of
hypothyroidism and PM (Table 2).

However, in the MR analysis of hypothyroidism and DM,
significant heterogeneity (Pymr pgger=0.03220071, Pryyw= 0.01682226)
was found via Cochran’s Q test. IV rs6679677 (RSSobs = 98.39573, p=
0.01333333) was identified as an outlier in the MR-PRESSO test and
was excluded from the subsequent analyses, and no distortion was
detected. After removing one outlier, there was no evidence of
heterogeneity (Pyg ggger=0.06065474, Pryyw=0.06316350). No
pleiotropy (intercept= -0.03768243, SE = 0.03628873, P=
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0.3030502) was found in the MR analysis of hypothyroidism and
DM (Table 2).

Additionally, as depicted in Figure 4, even after systematically
removing individual SNPs in the leave-one-out sensitivity test, the
effect of the MR result remained unchanged, and the overall effect
direction remained consistent. This observation confirms the
robustness of the result. Furthermore, funnel plots display
symmetrical shapes, indicating the absence of pleiotropy in the
causal relationships between genetically predicted hypothyroidism
and the risk of DM/PM (Supplementary Figure 1).

Therefore, following the assessment for heterogeneity and
pleiotropy, our results demonstrate that hypothyroidism exerts a
significant causal effect on DM/PM and is a potential risk factor for
DM/PM.

4 Discussion

This is the first study to detect the causal link between
hypothyroidism and DM/PM using a TSMR method and to
demonstrate that hypothyroidism increases the risk of DM/PM.
Our study is based on European ancestry GWAS data, with a large
population size, and the results of all four analyses showed a
significant correlation between hypothyroidism and the risk of
DM/PM. Our data support previous observational studies that
have shown an association between hypothyroidism and DM/PM.

Idiopathic inflammatory myositis has been reported in
association with various autoimmune and connective tissue
diseases (22). However, there is relatively less information
available regarding the coexistence of IIM and hypothyroidism.
Some studies based on a small number of patients state that 5.5% of
IIM patients were affected by dysthyroidism (23). The coexistence
of hypothyroidism and poly/dermatomyositis was reported to be
11.2% and 25% in two different studies (8, 9).

The putative association of DM/PM with dysthyroidism was first
reported in occasional case reports or case series since the 1960s, and
most of those reports were based on small population studies (24-27).
A retrospective study of 11 DM patients with autoimmune thyroiditis
by WANG et al. suggested that autoimmune thyroiditis can precede
or parallel the diagnosis of DM, and the most common comorbidities
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TSMR analysis of hypothyroidism and DM/PM. (A) Forest plot of hypothyroidism associated with risk of DM. All MR-Egger and IVM methods showed that
MR effect sizes that are larger than 0 mean that hypothyroidism, drug reimbursement had a causal effect on DM. (B) Forest plot of hypothyroidism
associated with risk of PM. All MR-Egger and IVM methods showed that MR effect sizes that are larger than 0 mean that hypothyroidism, drug
reimbursement had a causal effect on PM. (C) MR test scatter plot of four methods. The x-axis is the SNP effect on hypothyroidism. The y-axis is the SNP
effect on DM. (D) MR test scatter plot of four methods. The x-axis is the SNP effect on hypothyroidism. The y-axis is the SNP effect on PM. TSMR, two-
sample mendelian randomization. DM, dermatomyositis. PM, polymyositis. SNP, single-nucleotide polymorphism.

included hypothyroidism (90.9%). The most obvious is muscle
damage, which was present in 100% of DM or PM patients with
hypothyroidism, and the prevalence rates of abnormal myopathic
manifestations were also found to be slightly higher than the data
reported previously (28, 29). As reported previously, myalgia may
occur in less than 30% of DM patients (22), but it occurs in 50% of
PM patients with hypothyroidism (29). This significant difference
directed our attention to the overlap between DM and
hypothyroidism. Obviously, muscle tissue is the common target
organ of DM and thyroid diseases; when DM or PM are combined
with hypothyroidism, the probability of muscle injury increases
significantly. Thyroid hormones are key regulators of the
development, regeneration and metabolism of skeletal muscle (30).

Frontiers in Endocrinology

Triiodothyronine (T3), a bioactive thyroid hormone, affects muscle
fiber contraction and relaxation by upregulating calcium fluxes and
associated energy turnover (31). T3 has been found to correlate with
the function of the sarcoplasmic reticulum calcineurin ATPase
(SERCA) pump in myocytes (32). Hypothyroidism is characterized
by muscle weakness caused by a decrease in muscle efficiency (33). Its
symptoms may be more obvious due to superposition, which may
affect the judgement of the efficacy of DM/PM. In addition, thyroid
hormone is critical for the maintenance of cellular homeostasis
during stress responses, which is implicated in affecting the
apoptosis of structural and inflammatory cells as well as altering
the cytokine microenvironment balance. Some studies have
speculated that it probably plays an important role in the
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Causal estimates given as odds ratios (ORs) and 95% confidence intervals for the effect of hypothyroidism on DM (A) and PM (B). (C) Meta-analysis of
the results of the causal estimates between hypothyroidism on DM/PM, estimates were obtained from the IVW methods. DM, dermatomyositis.

PM, polymyositis.

pathogenesis of pulmonary interstitial fibrosis and is often
complicated with DM/PM (34, 35). Zhang et al. found that there
was no response to standard immunosuppressive therapy in 75% of
IIM patients and that correcting thyroid abnormalities could improve
this situation. Thyroid dysfunction is also associated with the onset or
recurrence of IIM (23).

Therefore, based on the above findings, we understand that
there may be a biological link between hypothyroidism and DM,
and the underlying mechanisms may be very complicated. In
addition, hypothyroidism may contribute (directly or indirectly)
to the development of PM/DM and may also exacerbate the clinical
symptoms of DM and affect treatment outcomes.

In addition, it is worth noting that both DM and PM, especially
anti-transcriptional intermediary factor 1-gamma antibody-positive

dermatomyositis, are strongly associated with malignant diseases,
such as ovarian, lung, pancreatic, enteron, and non-Hodgkin
lymphoma, and the highest risk of these malignancies often
occurs at the time of DM/PM diagnosis (36, 37). In Han Wang’s
study of 17 DM/PM patients, 5 patients with malignant tumors
were diagnosed with hypothyroidism (37). This suggests that
hypothyroidism is not only a potential risk factor for human
cancer (38) but should also be considered in the case of myositis.

However, due to the potential influence of confounding
factors and reverse causality, it is difficult for conventional
observational studies to establish the causal relationship
between hypothyroidism and DM/PM, while the MR method
is a promising tool for such an investigation since it uses genetic
variations as instrumental variables of exposure factors to

TABLE 2 Pleiotropy and heterogeneity tests of hypothyroidism genetic instrumental variables in GWASs for DM/PM.

Pleiotropy test

MR Egger regression

Heterogeneity test

Inverse variance weighted

intercept SE (@] Q_df P
DM -0.03768243  0.03628873 0.3030502 93.8865 66 0.289837 88.59461 67 02934329
PM -0.075 0.044 0.0914 85.92 67 0.05959 82.26 66 0.0853

DM, dermatomyositis; PM, polymyositis; SE, standard error. P <0.05 can imply the presence of heterogeneity.
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Leave-one-out of SNPs associated with hypothyroidism and their risk of DM (A) and PM (B). Each black point represents result of the VW MR
method applied to estimate the causal effect of hypothyroidism on DM/PM. Each red point depicts the VW estimate using all SNPs. No single SNP is
strongly driving the overall effect of hypothyroidism on both DM and PM in this leave-one-out sensitivity analysis.

infer the causal relationship between exposure factors and
outcomes (39). In our study, we confirmed the association of
hypothyroidism with DM/PM at the genetic level and as a risk
factor for DM/PM.

Although we observed directional pleiotropy in the analysis
between hypothyroidism and DM in our study, it was adjusted by
applying the MR-PRESSO test after excluding one potential outlier.
The sensitivity test supported the stability and accuracy of the
causal outcome. The results of our study provide evidence that the
genetic risk of hypothyroidism is directly associated with PM/DM.
It is an important reminder of the importance of preemptive
endocrine hormone screening before disease onset and screening
for hypothyroidism even after a DM diagnosis to alleviate the
corresponding symptoms to avoid more serious damage to
patients. However, the precise nature and direction of such a link
need to be further explored, especially when designing
prospective studies.

Although we obtained remarkable results from the TSMR
approach, there are still some limitations in this study. First, the
GWAS data of DM and PM were small, especially the number of
patients. The larger the sample size of GWAS data, the stronger the
statistical power. Second, data on myositis-specific antibodies in
DM/PM patients were not available, making it impossible to
categorize subsets and characteristics of thyroid dysfunction.
Finally, due to the small number of studies, no comparative data
have been obtained after hypothyroidism treatment, which
indicates that more rigorous and comprehensive prospective
studies are needed to further explore this relationship.
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5 Conclusion

In conclusion, our results illustrate the significant causal effect
of hypothyroidism on DM/PM. In addition, it is biologically
plausible and explicable that hypothyroidism is important in the
pathogenesis of DM/PM. Therefore, hypothyroidism should be
considered and monitored closely. These findings add to a
growing body of research aimed at identifying cures for DM/PM,
and we have reasons to expect a breakthrough in the discovery of
mechanisms and therapeutic targets for these conditions.
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