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Background: Metabolic disorders are significant risk factors for peripheral

neuropathy (PN) diseases. However, current clinical observational studies

cannot fully determine the causal relationships between hypothyroidism (HT)

and PN diseases.

Methods: We performed univariate Mendelian randomization (MR) analyses

using single nucleotide polymorphisms (SNPs) associated with hypothyroidism

and two diseases clinically presented as HT (autoimmune thyroid disease and

benign neoplasm of the pituitary gland and craniopharyngeal duct) as

instrumental variables. We selected eight peripheral neuropathy diseases

(diabetic neuropathy, nerve root/plexus disorder, carpal tunnel syndrome,

polyneuropathies, sciatica with lumbago, trigeminal neuralgia, postherpetic

neuralgia, small fiber neuropathy) as outcomes. Genetic data were sourced

from authoritative genome-wide association study (GWAS) datasets. We

primarily used the inverse variance-weighted (IVW) method and conducted a

comprehensive sensitivity analysis to ensure robustness.

Results: The IVW results indicated that HT was significantly associated with an

increased risk of diabetic peripheral neuropathy (OR = 1.22, p = 6.49E-05). HT

was also significantly linked to nerve root/plexus disorder (OR = 1.04, p = 6.43E-

06) and carpal tunnel syndrome (OR = 1.04, p = 0.004), but appeared to be a

potential protective factor for polyneuropathies (OR = 0.93, p = 0.0009).

Additionally, autoimmune thyroid disease (AITD) was identified as a potential

risk factor for carpal tunnel syndrome (OR = 13.79, p = 0.006) and a protective

factor for polyneuropathies (OR = 0.0011; p = 4.44E-5).

Conclusions: This study provides genetic evidence supporting potential causal

links between hypothyroidism and various peripheral neuropathy diseases.
KEYWORDS
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frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1436823&domain=pdf&date_stamp=2024-11-27
mailto:wangke8430@163.com
https://doi.org/10.3389/fendo.2024.1436823
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1436823
https://www.frontiersin.org/journals/endocrinology


Duan et al. 10.3389/fendo.2024.1436823
1 Introduction

Hypothyroidism (HT) can be idiopathic or caused by

conditions such as autoimmune thyroiditis, pituitary neoplasms,

dysfunction, or secondary to thyroid disorder treatments (1). In

Europe, the lifetime risk of overt hypothyroidism is around 5%,

often following subclinical hypothyroidism, which affects up to 9%

of the population (2, 3). It is well-documented that metabolic

disorders are a major cause of peripheral neuropathy (PN) (4),

and HT may initially manifest as neuropathy, especially in

autoimmune cases (5). Studies have consistently shown a strong

link between HT and neurological complications (6–8). The

prevalence of peripheral nerve disorders in HT patients ranges

from 10% to 70%, with symptoms varying from mononeuropathy

to polyneuropathy, often accompanied by neuropathic pain (9–11).

Additionally, some HT patients experience painful extremities

indicative of small-fiber neuropathy (12). However, the specific

phenotype of PN and neuropathic pain related to HT is still

debated. Subclinical hypothyroidism (SCH) is defined by a TSH

level above the normal upper limit with a normal free thyroxine

(FT4) level. SCH is prevalent among patients with diabetic

peripheral neuropathy (DPN) (6, 13). In European clinical

observations, HT patients often show no obvious neuromuscular

deficits in routine tests (14). Research by Nebuchennykh et al.

indicates that HT may affect various nerve fiber types; many

patients exhibit both large and small fiber involvement, while

others have only small fiber polyneuropathy (15). A cross-

sectional study in Mexico found a link between HT and headache

disorders, including occipital and trigeminal neuralgia (16).

Conversely, a Brazilian case-control study identified HT as a

predictor for non-neuropathic orofacial conditions rather than

neuralgia (17). Similarly, another study found that HT was

associated with lower odds of developing neuropathic pain (18).

Controlling for confounding factors is a significant challenge in

real-world clinical studies examining hormone therapy (HT)-

induced peripheral neuropathy (PN) diseases. Conventional

observational studies may have their validity undermined by these

factors and reverse causation bias (19). Mendelian randomization

(MR) not only addresses the limitations of observational studies by

simulating a randomized controlled trial, but also offers insights

beyond those studies. Therefore, assessing the causal relationship

between HT and PN diseases using the MR method is crucial. In

this study, we conducted two-sample MR analyses to explore the

direct causal relationship between hypothyroidism and PN diseases.
2 Materials and methods

2.1 Study design

This study was structured into two phases as shown in Figure 1.

Initially, we employed two-sample univariate MR to analyze the

causality between HT and eight different PN diseases. Based on the

initial MR results, we identified PN diseases significantly associated

with HT and further investigated their causal relationships with two
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diseases clinically presenting as HT (autoimmune thyroid disease and

benign neoplasm of the pituitary gland and craniopharyngeal duct).

The MR analysis was grounded in three fundamental assumptions: 1)

the chosen single nucleotide polymorphisms (SNPs) must show a

statistically significant correlation with the exposure; 2) the SNPs

should be independent of any confounders related to both the

exposure and the outcome; 3) the SNPs should influence the

outcome solely through the exposure and not through other direct

or indirect pathways. Our procedures adhered strictly to the guidelines

of the Strengthening the Reporting of Observational Studies in

Epidemiology Using Mendelian Randomization (STROBE-MR) (20).
2.2 Data sources

We obtained summary Genome-Wide Association Study

(GWAS) statistics from publicly accessible databases, detailed in

Table 1. The summary data for hypothyroidism came from a cohort

of 405,357 individuals of British ancestry as a train set (21). We used

hypothyroidism (congenital or acquired) from FinnGen R5 as the

exposure for the validation group. Because hypothyroidism often

results from autoimmune thyroid disease or benign neoplasm of the

pituitary gland, we also selected summary-level data for associated

SNPs of these two diseases. The summary statistics for autoimmune

thyroid disease came from a cohort of 607 cases and 324,074 controls

of European (U.K.) ancestry (22). The statistics for benign neoplasm

of the pituitary gland were derived from a cohort of 285 cases and

456,063 controls of European (U.K.) ancestry (23). All data were

sourced exclusively from the GWAS Catalog (https://www.ebi.ac.uk/

gwas/), IEU open GWAS catalog (https://gwas.mrcieu.ac.uk/) and

FinnGen (https://www.finngen.fi/en/access_results). British

ancestry data were extracted from UK Biobank dataset (http://

www.ukbiobank.ac.uk), a prospective cohort study with deep

genetic and phenotypic data collected on approximately 500,000

individuals from across the United Kingdom (24). FinnGen is a

large public-private partnership aiming to collect and analyze

genome and health data from 500,000 Finnish biobank participants.

For the eight PN diseases, we extracted data for nerve root/plexus

disorder (G6_NERPLEX) with 51643 cases and 360538 controls, carpal

tunnel syndrome (G6_CARPTU) with 24766 cases and 360538

controls, polyneuropathies (G6_POLYOTHUNS) with 6027 cases

and 405136 controls, sciatica with lumbago (G6_SCIATICA) 6027

cases and 405136 controls, trigeminal neuralgia (G6_TRINEU) 1777

cases and 360538 controls, postzoster neuralgia (G6_POSTZOST) 356

cases and 360538 controls, and small fibre neuropathy (SFN) with 683

cases and 405136 controls from FinnGen R10. Diabetic neuropathy

(DM_NEUROPATHY) with 1769 cases and 190836 controls were

sourced from FinnGen R6 (25). The above data are all from the analysis

of FinnGen biobank dataset (https://www.finngen.fi/en), and these

FinnGen data were downloaded from online website (https://

www.finngen.fi/en/access_results). For outcomes in validation

group, we reviewed nerve, nerve root, and plexus disorders (ukb-

d-G6_NERPLEX) with 51643 cases and 360538 controls and carpal

tunnel surgery (ukb-b-17788) with 4858 cases and 458057 controls

from MRC-IEU. These eight PN diseases were defined based on the
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International Classification of Diseases (ICD) codes (ICD-10)

(Supplementary Table 1 in the Supplementary Materials).
2.3 Genetic instrument selection

Before conducting MR analyses, we selected SNPs strongly

associated with hypothyroidism and its related conditions as

instrumental variables (IVs) respectively, using a significance
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threshold of p<5E-8. If only a few SNPs met this criterion, a

higher cutoff of p<5E-6 was applied. To ensure independence

from linkage disequilibrium (LD), we set an LD metric of r² =

0.01 and a clumping distance of 1000 kb, removing any palindromic

SNPs with intermediate allele frequencies. We then utilized the

LDtrait Tool website (https://ldlink.nih.gov/?tab=ldtrait) to identify

SNPs associated with potential confounders—such as smoking,

alcohol consumption, and BMI—and manually excluded them.

The strength of the selected IVs was measured using an F-statistic
FIGURE 1

Study design overview.
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(beta²/se²), considering only those with an F-statistic > 10 as valid

and reliable.
2.4 Statistical analysis

We initially treated hypothyroidism as an exposure factor and

explored its causal relationship with several PN diseases. Additionally,

we examined the causal links between two diseases presenting as HT

and their associated PN diseases. To identify and remove outliers,

Radial MR was performed prior to MR analysis (26). For univariate

MR, we employed random effects inverse variance weighted (IVW)

regression—considered the most efficient method under complete IV

assumptions (27)—as our primary analysis tool. Given the presence of

heterogeneity, a random effects model was used. Four supplementary

sensitivity analyses—MR-Egger regression, weighted median,

weighted mode, and simple mode—were conducted to confirm the

robustness of the causality results across different contexts. To ensure

the directionality accuracy of statistically significant results, we

incorporated the Steiger directionality test. To minimize false

positives, p-values were adjusted using the Bonferroni test. In the

validation group, the Benjamini-Hochberg (BH) method was used to

calculate the false discovery rate (FDR), considering the adjusted p-

value as the conclusive result. All results were expressed as odds ratios

(OR) with 95% confidence intervals (CIs) and adjusted P-values.

For sensitivity analysis, we employed MR-Egger regression

method and the leave-one-out approach. The P-value from the

MR-Egger intercept test was used to evaluate potential horizontal

pleiotropy in the IVs (28). Additionally, Cochrane’s Q statistic was
Frontiers in Endocrinology 04
utilized to assess the consistency of SNP estimates across each MR

association. We also conducted a weighted median test to verify the

directionality of each significant univariate MR result. All analyses

were conducted using the TwoSample MR (29) and RadialMR (26)

packages in R software (version 4.3.1).

3 Results

3.1 Instrumental variables selection

We selected SNPs based on P-value screening and LDtrait Tool

filtering, ensuring a strong association with the exposure and no

significant correlation among them. SNPs related to smoking, alcohol

consumption, and BMI were excluded after evaluation using the LDtrait

Tool. Overall, we identified 128 SNPs associated with hypothyroidism

or myxoedema (GCST90013943) and hypothyroidism (congenital or

acquired) (finn-b-HYPOTHYROIDISM), 17 SNPs linked to

autoimmune thyroid disease (GCST90014441) and 14 SNPs related

to benign neoplasm of pituitary gland and craniopharyngeal duct

(GCST90043611). Among these IVs, no weak instrument bias existed

(F-statistics > 10). Before conducting univariate MR analysis, RadialMR

was used to remove potential outliers. Comprehensive details of all

selected SNPs are available in Supplementary Table 1.

3.2 Univariable MR for the causal
relationship between HT and PN diseases

As illustrated in Figure 2, the univariable MR analysis revealed

causal relationships between HT and eight PN diseases, with results
TABLE 1 information of datasets in study.

Phenotype of exposure /outcome GWAS ID Sample size
(cases/
controls)

Ethnicity Year
of publication

First
author

PMID

Hypothyroidism or myxoedema GCST90013943 405357 U.K. 2021 Mbatchou J 34017140

Hypothyroidism (congenital or acquired) finn-
b-HYPOTHYROIDISM

26342+59827 Finland 2021 NA NA

Autoimmune thyroid disease GCST90014441 607+324074 U.K. 2021 Glanville KP 34278373

Benign neoplasm of pituitary gland and
craniopharyngeal duct

GCST90043611 285+456063 U.K. 2021 Jiang L 34737426

Diabetic neuropathy DM_NEUROPATHY 1769+190836 Finland 2022 NA NA

Nerve root/plexus disorder G6_NERPLEX 51643+360538 Finland 2023 NA NA

Nerve, nerve root and plexus disorders ukb-d-G6_NERPLEX 10898+350296 U.K. 2018 Neale lab NA

Carpal tunnel syndrome G6_CARPTU 24766+360538 Finland 2023 NA NA

Carpal tunnel surgery ukb-b-17788 4858+458075 U.K. 2018 Ben Elsworth NA

Polyneuropathies G6_POLYOTHUNS 6027+405136 Finland 2023 NA NA

Sciatica with lumbago M13_SCIATICA 20699+294770 Finland 2023 NA NA

Trigeminal neuralgia G6_TRINEU 1777+360538 Finland 2023 NA NA

Postherpetic neuralgia G6_POSTZOST 356+360538 Finland 2023 NA NA

Small fiber neuropathy SFN 683+405136 Finland 2023 NA NA
fron
NA, Not available.
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from other four MR methods aligning consistently with IVW

(Table 2; Supplementary Figure 4). With eight outcomes, the

Bonferroni test was applied, adjusting the P-value to 0.00625

(0.05/8). The IVW results provide substantial genetic evidence

that HT is significantly associated with an increased likelihood of

diabetic polyneuropathy (DPN) (IVW: OR = 1.22, 95% CI: 1.11 –

1.35; p = 6.49E-5). Additionally, HT is genetically linked to an

increased risk of nerve root/plexus disorders (IVW: OR = 1.04, 95%

CI: 1.02 – 1.07; p = 6.43E-6) and carpal tunnel syndrome (IVW: OR

= 1.04, 95% CI: 1.01 – 1.07; p = 0.004), and potentially acts as a

protective factor against polyneuropathies (IVW: OR = 0.93, 95%

CI: 0.89 – 0.97; p = 0.0009). No causal relationships were found in

other PN diseases.

We then examined the causal relationships between autoimmune

thyroid disease (AITD) and peripheral neuropathy disorders that

showed statistically significant associations with HT. The P-value was

adjusted to 0.0125 (0.05/4) using the Bonferroni test. The results,

displayed in Figure 3, were similar to the initial study. Due to

heterogeneity, a random effects model was employed to analyze the

causal relationships between AITD and carpal tunnel syndrome
Frontiers in Endocrinology 05
(CTS). The results showed that AITD performed as a potential risk

factor for DPN (OR = 9.93E+8, 95% CI: 3.2E+5 – 3E+13; p = 88.28E-

5), CTS (OR = 13.79, 95% CI: 2.14 – 88.63; p = 0.006), and a potential

protective factor for polyneuropathies (IVW: OR = 1E-3, 95% CI:

6.68E-5 – 0.02; p = 4.44E-5), but no causal relationship between

AITD and nerve root/plexus disorder (IVW: OR = 0.09, 95% CI:

0.004 – 2.47; p = 0.16). However, as shown in Figure 4, no causal

relationships were found between HT and benign neoplasm of the

pituitary gland or craniopharyngeal duct, DPN (OR = 1.03, 95% CI:

1.00 –1.07; p = 0.09), CTS (OR = 1.01, 95% CI: 0.99 – 1.02; p = 0.35),

nerve root/plexus disorder (IVW: OR = 1.01, 95% CI: 1.00 – 1.01; p =

0.17), polyneuropathies (IVW: OR = 0.99, 95% CI: 0.97 – 1.01; p

= 0.20).

To strengthen our findings, we conducted a validation analysis

between HT and eight PN diseases. Due to limited data on

outcomes across different ancestry, we only performed the

validation for HT with nerve root/plexus disorder (IVW: OR =

1.001, 95% CI: 1.000 – 1.001; p = 0.34) and carpal tunnel syndrome

(CTS) (IVW: OR = 1.001, 95% CI: 1.000 – 1.002; p = 0.08).

Although the results were not statistically significant, the ORs
FIGURE 2

Causal effects for hypothyroidism on peripheral neuropathy. IVW, inverse-variance weighted; *IVW P-value (adjusted) ≤ 0.00625; &, IVW P-value
(adjusted) ≤ 0.0125.
TABLE 2 The genetic causal association between HT and PNs.

Exposure Outcome Analysis method Odds ratio OR 95%CI P value

Hypothyroidism or myxoedema Diabetic neuropathy* Inverse variance weighted 1.23 1.11~1.36 6.50E-5

MR Egger 1.24 0.93~1.64 0.15

Weighted median 1.23 1.06~1.45 5.84E-3

Simple model 1.35 0.92~2.01 0.13

Weighted model 1.05 0.79~1.39 0.76

Nerve root/plexus disorder* Inverse variance weighted 1.05 1.03~1.07 6.43E-6

MR Egger 1.04 0.98~1.11 0.18

Weighted median 1.04 1.01~1.07 2.56E-3

Simple model 1.05 0.97~1.12 0.21

Weighted model 1.03 0.98~1.09 0.24

Carpal tunnel syndrome* Inverse variance weighted 1.04 1.01~1.07 4.57E-3

MR Egger 1.06 0.97~1.16 0.22

(Continued)
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showed consistency with our main results using IVW, MR-Egger,

and Weighted median methods.

We performed the Steiger directionality test after the

univariable MR analysis, confirming that all results were in the

correct positive direction (Table 3). Additionally, a series of

sensitivity analyses assessed the robustness of these findings.

Heterogeneity was detected in the analysis between autoimmune

thyroid disease (AITD) and nerve root/plexus disorder, and CTS,

according to Cochran’s Q statistic, but no horizontal pleiotropy was

detected as per the MR-Egger intercept test (Table 4). The funnel

plots indicated a symmetric distribution (Supplementary Figure 4),

and the “leave-one-out” method showed that removing any SNP

had minimal impact on the overall error line (Figure 5;

Supplementary Figures 1, 2).
Frontiers in Endocrinology 06
4 Discussion

In our MR study of hypothyroidism and eight PN diseases,

three MR analyses were conducted by using European ancestry

GWAS data to detect the relationship between hypothyroidism and

PN diseases risk. we found that hypothyroidism is a risk factor of

diabetic neuropathy, nerve root/plexus disorder, and carpal tunnel

syndrome, while acted as a oppose causality for polyneuropathy.

Further analysis showed that autoimmune thyroid disease is a risk

factor of carpal tunnel syndrome. However, we observed no

statistically significant association between benign neoplasm of

the pituitary gland and craniopharyngeal duct and PN diseases.

Thyroid hormones play a significant role in the normal

functioning of the nervous system, and abnormalities in thyroid
TABLE 2 Continued

Exposure Outcome Analysis method Odds ratio OR 95%CI P value

Weighted median 1.07 1.02~1.11 2.24E-3

Simple model 1.08 0.98~1.19 0.12

Weighted model 1.08 1.01~1.15 0.03

Polyneuropathies* Inverse variance weighted 0.93 0.89~0.97 9.00E-4

MR Egger 0.93 0.84~1.02 0.12

Weighted median 0.90 0.83~0.96 3.02E-3

Simple model 0.92 0.78~1.09 0.35

Weighted model 0.88 0.79~0.99 0.03

Sciatica with lumbago Inverse variance weighted 0.99 0.99~1.00 0.06

MR Egger 0.99 0.99~1.00 0.62

Weighted median 1.00 0.99~1.00 0.75

Simple model 1.00 0.99~1.00 0.29

Weighted model 1.00 0.99~1.00 0.50

Trigeminal neuralgia Inverse variance weighted 1.13 0.92~1.41 0.23

MR Egger 1.20 0.67~2.17 0.53

Weighted median 1.20 0.84~1.71 0.31

Simple model 1.15 0.54~2.44 0.71

Weighted model 1.35 0.81~2.26 0.25

Postherpetic neuralgia Inverse variance weighted 1.14 0.92~1.41 0.22

MR Egger 1.20 0.67~2.16 0.55

Weighted median 1.21 0.86~1.70 0.27

Simple model 1.31 0.63~2.73 0.47

Weighted model 1.42 0.88~2.31 0.16

Small fiber neuropathy Inverse variance weighted 0.96 0.84~1.09 0.49

MR Egger 1.06 0.80~1.42 0.68

Weighted median 1.01 0.81~1.25 0.93

Simple model 1.06 0.69~1.63 0.79

Weighted model 1.03 0.81~1.30 0.83
* According to the method of inverse variance weighted, the association between exposure and outcome is statistically significant (P < 0.05).
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hormone levels can be associated with various neuropathies (30).

Causes of hypothyroidism include primary, central, and extra-

thyroidal hypothyroidism (1). Clinical observational studies

suggest an association between hypothyroidism and peripheral

neuropathy (8, 9, 11–13). The underlying mechanisms through

which hypothyroidism contributes to neuropathy remain

insufficiently explored. Recent research has identified that

impaired transport of thyroid hormones to the brain results

in cerebral hypothyroidism, which subsequently induces

astrogliosis and disrupts both the metabolic function and

mitochondrial respiration of astrocytes (31). One proposed

mechanism for nerve damage associated with hypothyroidism

involves fluid retention, which may lead to tissue swelling and the

subsequent compression of peripheral nerves (32). The reduced

transport of the slow component ‘a’ in hypothyroidism could

explain peripheral neuropathy with axonal degeneration, often

seen in severe myxedema (33). Research in murine demyelination

models indicates that thyromimetics might protect against

oligodendrocyte death, demyelination, axonal degeneration, and

stimulate remyelination in multiple sclerosis (34). In Hashimoto’s

thyroiditis, often presenting as hypothyroidism in children, severe

and prolonged hypothyroidism may lead to bilateral peripheral

polyneuropathy (35). Regarding diabetic neuropathy, carpal tunnel

syndrome, and polyneuropathies, earlier clinical observations align

with our findings. Patients with subclinical hypothyroidism are

more likely to develop severe diabetic peripheral neuropathy

(DPN), and their HbA1c levels are higher compared to those

without SCH (13). Moreover, subclinical hypothyroidism patients

are often diagnosed with hypertension (36). Clinical studies also

indicate that hypertension, HbA1c levels, and TSH levels are risk

factors for DPN (37). Furthermore, diabetes is a common cause

of polyneuropathies, and studies suggest an association between

subclinical hypothyroidism and end-stage diabetic polyneuropathy

in type 2 diabetes patients, although the severity of neuropathy is

not significantly correlated with TSH levels (38). A medical history
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of hypothyroidism indicates a risk for developing peripheral

polyneuropathies (39), manifested as moderate myopathy and

sensorimotor neuropathy. A case study of a 30-year-old male

with severe hypothyroidism due to chronic autoimmune

thyroiditis revealed severe sensorimotor polyneuropathy with

both axonal and demyelinating features through nerve

conduction studies (10). Carpal tunnel syndrome (CTS) is a

common entrapment neuropathy caused by compression of the

median nerve at the wrist. Risk factors for CTS include female sex,

diabetes, hypothyroidism, obesity, arthritis, hemodialysis,

acromegaly, and pregnancy (40, 41). While hypothyroidism is

often considered a cause and comorbidity of CTS (42, 43), one

meta-analysis found only a modest association after adjusting for

potential confounders (44). Similarly, an 11-year study in a South

Korean population found that hypothyroidism was not a risk factor

for CTS (45).

There are relatively few reports on the correlation between

hypothyroidism and nerve root/plexus disorder, sciatica with

lumbago, trigeminal neuralgia, postherpetic neuralgia, and SFN. A

prospective cohort study from China found that a correlation

between lower back pain (LBP) with physical inactivity and

hypothyroidism in pregnant women, and suggested that increase

physical activity and normalize thyroid function and weight gain

during pregnancy can have beneficial effects on LBP (46). A case

report reported a hypothyroidism patient with non-specific LBP as an

initial clinical manifestation (47). Nerve root/plexus disorders are

typically caused by pressure on the nerves entering and exiting the

spinal cord; however, there is a lack of literature exploring the link

between hypothyroidism and these disorders. Only one clinical case

study observed that hypothyroid patients had higher odds of

developing complications with bad lumbar intervertebral disc

morphology (48). Although a genetic causal relationship between

hypothyroidism and nerve root/plexus disorders was identified,

further clinical evidence is needed. Our results indicate no

relationship between hypothyroidism and sciatica with lumbago.
FIGURE 3

Plots of leave-one-out analyses of a genetically causal association between HT and PNs.
FIGURE 4

Causal effects for benign neoplasm of the pituitary gland and craniopharyngeal duct on peripheral neuropathy genetically associated with
hypothyroidism. IVW, inverse-variance weighted.
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Nevertheless, hypothyroidism is strongly associated with higher

cumulative Pfirrmann grades, a system for assessing lumbar

degenerative disc disease (49). Our study suggests no correlation

between hypothyroidism and two types of neuralgia; however, one

study in a Mexican population noted a prevalence of hypothyroidism

in occipital and trigeminal neuralgia (16). Conversely, another study

involving 1,565 patients with extremity amputations found that

hypothyroidism was associated with lower odds of developing

neuropathic pain (18). Research on hypothyroidism and neuralgia

is limited and should be expanded. In this study, no association was

observed between hypothyroidism and SFN. However, four small

sample size and the single centric studies suggested that patients with
Frontiers in Endocrinology 08
hypothyroidism or autoimmune thyroiditis tend to have small fiber

nerve dysfunction or SFN (12, 50–52). Inconsistent results may be

due to the following reasons. First, MR analysis relies on genetic

variants as instrumental variables. It is possible that the genetic

variants shared between hypothyroidism and SFN are not strongly

associated with both conditions, leading to insufficient power to

detect a causal effect. Second, SFN has a multitude of risk factors and

these confounding factors may have influenced the results of this

study during the analysis. Third, hypothyroidism may influence the

occurrence of SFN through non-genetic pathways, such as by

affecting metabolism, immune responses, or other physiological

processes, which might not be fully captured in MR studies.
TABLE 3 Steiger directionality test results.

Exposure Outcome SNP
r2.exposure

SNP
r2.outcome

Steiger
p.value

Correct
causal direction

hypothyroidism
or myxoedema

diabetic neuropathy 0.01217 0.00043 9.86e-232 TRUE

hypothyroidism
or myxoedema

nerve root/
plexus disorder

0.01189 0.00019 0 TRUE

hypothyroidism
or myxoedema

carpal tunnel syndrome 0.01141 0.00015 0 TRUE

hypothyroidism
or myxoedema

polyneuropathies 0.07727 0.00020 0 TRUE

autoimmune thyroid disease diabetic neuropathy 0.00588 0.00031 0.023 TRUE

autoimmune thyroid disease carpal tunnel syndrome 0.00048 0.00015 2.16e-5 TRUE

autoimmune thyroid disease polyneuropathies 0.00057 0.00005 8.76e-13 TRUE
TABLE 4 Sensitivity analysis of the causal association between HT and PNs.

Exposure Outcome Cochran Q test MR-Egger pval

Q Q-pval

Hypothyroidism or myxoedema Diabetic neuropathy 67.52 0.56 0.97

Hypothyroidism or myxoedema Nerve root/plexus disorder 60.21 0.92 0.94

Hypothyroidism or myxoedema Carpal tunnel syndrome 50.83 0.96 0.74

Hypothyroidism or myxoedema Polyneuropathies 73.62 0.92 0.97

Hypothyroidism or myxoedema Sciatica with lumbago 68.56 0.87 0.16

Hypothyroidism or myxoedema Trigeminal neuralgia 70.78 0.73 0.83

Hypothyroidism or myxoedema Postherpetic neuralgia 70.63 0.68 0.87

Hypothyroidism or myxoedema Small fiber neuropathy 94.28 0.47 0.42

Autoimmune thyroid disease Nerve root/plexus disorder 18.16 <0.01 0.15

Autoimmune thyroid disease Carpal tunnel syndrome 6.12 0.03 0.24

Autoimmune thyroid disease Polyneuropathies 0.31 0.86 0.99

Benign neoplasm of pituitary gland and craniopharyngeal duct Nerve root/plexus disorder 6.02 0.87 0.25

Benign neoplasm of pituitary gland and craniopharyngeal duct Carpal tunnel syndrome 13.72 0.25 0.10

Benign neoplasm of pituitary gland and craniopharyngeal duct Polyneuropathies 4.03 0.97 0.34
frontiersin.org

https://doi.org/10.3389/fendo.2024.1436823
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Duan et al. 10.3389/fendo.2024.1436823
4.1 Strengths and limitations

This study employed a two-sample Mendelian Randomization

(MR) design to investigate the genetic association between

hypothyroidism and peripheral neuropathy diseases. This

research presents several key findings. To our knowledge, this
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is the first MR study to demonstrate a genetic causal relationship

between hypothyroidism and peripheral neuropathy diseases. We

further explored the genetic association between hypothyroidism

and three related peripheral neuropathy diseases, aiming to provide

evidence-based guidelines for clinical practice and enhance our

biological understanding of the underlying mechanisms.
FIGURE 5

Plots of leave-one-out analyses of a genetically causal association between hypothyroidism and peripheral neuropathy. The error bars indicate the
95% confidence interval. (A) hypothyroidism on diabetic neuropathy; (B) hypothyroidism on nerve root/plexus disorder; (C) hypothyroidism on carpal
tunnel syndrome; (D) hypothyroidism on polyneuropathies.
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Additionally, the genome-wide association study (GWAS) data

utilized in this study were sourced from a reputable consortium,

providing robust statistical power to accurately estimate association.

We applied stringent criteria for significance using the Bonferroni

test, conducted sensitivity analyses, and assessed the strength of

instrumental variables, ensuring the reliability of our results.

However, the study has several limitations. Firstly, the GWAS

data were solely from individuals of European descent (U.K. and

Finland), potentially limiting the generalizability of our findings.

Secondly, the heterogeneity observed in the association between

autoimmune thyroid disease (AITD) and nerve root/plexus

disorder, as well as CTS, was indicated by Cochran’s Q test. MR

Egger regression did not detect any significant pleiotropy,

suggesting that the genetic instruments were primarily associated

with the exposure rather than directly with the outcomes.

Furthermore, the leave-one-out analysis yielded stable results,

indicating that the overall effect estimate was not driven by any

single genetic variant. Given that MR analyses presuppose linearity,

potential nonlinear associations—such as those related to age, body

status, sex, or genetic variants originating from different

populations, experimental setups, and analytical platforms—may

contribute to heterogeneity in this study. Lastly, we excluded single

nucleotide polymorphisms (SNPs) associated with known

confounders, but further studies are required to address other

unknown confounders.
4.2 Conclusions

Using extensive genetic summary data, we conclude that

hypothyroidism is strongly associated with risk factors for diabetic

neuropathy, nerve root/plexus disorder, and carpal tunnel syndrome,

whereas it appears to be a protective factor against polyneuropathies.

Autoimmune thyroid disease is strongly linked to a risk of carpal

tunnel syndrome but seems to be protective against polyneuropathies.

Nonetheless, we found no statistically significant association between

benign neoplasm of the pituitary gland and craniopharyngeal duct

and peripheral neuropathy diseases.
Data availability statement

Publicly available datasets were analyzed in this study. This data

can be found here: https://www.ebi.ac.uk/gwas/ and https://www.

finngen.fi/en/access_results.
Ethics statement

Ethical approval was not required for the studies involving

humans because No human or cell experiments were performed.

The studies were conducted in accordance with the local legislation

and institutional requirements. The human samples used in this

study were acquired from All data were obtained from UK Biobank

and FinnGen public database. Written informed consent to
Frontiers in Endocrinology 10
participate in this study was not required from the participants

or the participants’ legal guardians/next of kin in accordance

with the national legislation and the institutional requirements.

Ethical approval was not required for the study involving animals in

accordance with the local legislation and institutional requirements

because No animal experiments were performed in this study.
Author contributions

XD: Formal analysis, Methodology, Software, Visualization,

Writing – original draft, Writing – review & editing. TZ: Data

curation, Formal analysis, Visualization, Writing – original draft,

Writing – review & editing. KW: Funding acquisition, Resources,

Writing – original draft, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study is

supported by The National Natural Science Foundation of China

(81973940), the Shanghai Clinical Research Center of Acupuncture

(20MC1920500), key construction discipline of National

Administration of Traditional Chinese Medicine (ZYYZDXK-

2023068), and Clinical Key Specialty Construction Foundation of

Shanghai (shslczdzk04701). The funding sources have no role in the

design of the study, and will not have any involvement in its

execution, data analysis, interpretation, or decision to submit

the results.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.

1436823/full#supplementary-material
frontiersin.org

https://www.ebi.ac.uk/gwas/
https://www.finngen.fi/en/access_results
https://www.finngen.fi/en/access_results
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436823/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1436823
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Duan et al. 10.3389/fendo.2024.1436823
References
1. Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism. Lancet. (2017)
390:1550–62. doi: 10.1016/S0140-6736(17)30703-1

2. Carle A, Laurberg P, Pedersen IB, Knudsen N, Perrild H, Ovesen L, et al.
Epidemiology of subtypes of hypothyroidism in Denmark. Eur J Endocrinol. (2006)
154:21–8. doi: 10.1530/eje.1.02068

3. Thvilum M, Brandt F, Brix TH, Hegedus L. A review of the evidence for and
against increased mortality in hypothyroidism. Nat Rev Endocrinol. (2012) 8:417–24.
doi: 10.1038/nrendo.2012.29

4. Azhary H, Farooq MU, Bhanushali M, Majid A, Kassab MY. Peripheral
neuropathy: differential diagnosis and management. Am Fam Physician. (2010)
81:887–92.

5. Wood-Allum CA, Shaw PJ. Thyroid disease and the nervous system. Handb Clin
neurology. (2014) 120:703–35. doi: 10.1016/B978-0-7020-4087-0.00048-6

6. Salman Jasim H, Khalid Shafeeq N, Abass EAA. Vitamin D level and its relation
with the newly diagnosed diabetic neuropathy in women with hypothyroidism. Arch
Razi Inst. (2022) 77:1139–45. doi: 10.22092/ARI.2022.357389.2029

7. Perkins AT, Morgenlander JC. Endocrinologic causes of peripheral neuropathy.
Pins and needles in a stocking-and-glove pattern and other symptoms. Postgrad Med.
(1997) 102:81–2, 90-2, 102-6. doi: 10.3810/pgm.1997.09.318

8. Beghi E, Delodovici ML, Bogliun G, Crespi V, Paleari F, Gamba P, et al.
Hypothyroidism and polyneuropathy. J Neurol Neurosurg Psychiatry. (1989)
52:1420–3. doi: 10.1136/jnnp.52.12.1420

9. Penza P, Lombardi R, Camozzi F, Ciano C, Lauria G. Painful neuropathy in
subclinical hypothyroidism: clinical and neuropathological recovery after hormone
replacement therapy. Neurol Sci. (2009) 30:149–51. doi: 10.1007/s10072-009-0026-x

10. Brzozowska MM, Banthia S, Thompson S, Narasimhan M, Lee J. Severe
hypothyroidism complicated by myopathy and neuropathy with atypical
demyelinating features. Case Rep Endocrinol. (2021) 2021:5525156. doi: 10.1155/
2021/5525156

11. Duyff RF, Van den Bosch J, Laman DM, van Loon BJ, Linssen WH.
Neuromuscular findings in thyroid dysfunction: a prospective clinical and
electrodiagnostic study. J Neurol Neurosurg Psychiatry. (2000) 68:750–5.
doi: 10.1136/jnnp.68.6.750

12. Orstavik K, Norheim I, Jorum E. Pain and small-fiber neuropathy in patients
with hypothyroidism. Neurology. (2006) 67:786–91. doi: 10.1212/01.wnl.0000234035.
13779.4a

13. Allam MA, Nassar YA, Shabana HS, Mostafa S, Khalil F, Zidan H, et al.
Prevalence and clinical significance of subclinical hypothyroidism in diabetic
peripheral neuropathy. Int J Gen Med. (2021) 14:7755–61. doi: 10.2147/IJGM.S337779

14. Jordan B, Uer O, Buchholz T, Spens A, Zierz S. Physical fatigability and muscle
pain in patients with Hashimoto thyroiditis. J Neurol. (2021) 268:2441–9. doi: 10.1007/
s00415-020-10394-5

15. Nebuchennykh M, Loseth S, Mellgren SI. Aspects of peripheral nerve
involvement in patients with treated hypothyroidism. Eur J Neurol. (2010) 17:67–72.
doi: 10.1111/j.1468-1331.2009.02743.x

16. Fernández-Garza LE, Marfil A. Comorbidity between hypothyroidism and
headache disorders in a Mexican population. Rev Neurologia. (2022) 75:13–6. doi:
10.33588/rn.7501.2022054

17. Puerta MY, Galhardoni R, Teixeira MJ, de Siqueira JTT, de Siqueira S. Chronic
facial pain: different comorbidities and characteristics between neuropathic and
nonneuropathic conditions. Oral Surg Oral Med Oral Pathol Oral Radiol. (2020)
130:273–82. doi: 10.1016/j.oooo.2020.05.006

18. Lans J, Groot OQ, Hazewinkel MHJ, Kaiser PB, Lozano-Calderon SA, Heng M,
et al. Factors related to neuropathic pain following lower extremity amputation. Plast
Reconstr Surg. (2022) 150:446–55. doi: 10.1097/PRS.0000000000009334

19. Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM, et al.
Guidelines for performing Mendelian randomization investigations: update for
summer 2023. Wellcome Open Res. (2019) 4:186. doi: 10.12688/wellcomeopenres

20. Skrivankova VW, Richmond RC, Woolf BAR, Davies NM, Swanson SA,
VanderWeele TJ, et al. Strengthening the reporting of observational studies in
epidemiology using mendelian randomisation (STROBE-MR): explanation and
elaboration. BMJ. (2021) 375:n2233. doi: 10.1136/bmj.n2233

21. Mbatchou J, Barnard L, Backman J, Marcketta A, Kosmicki JA, Ziyatdinov A,
et al. Computationally efficient whole-genome regression for quantitative and binary
traits. Nat Genet. (2021) 53:1097–103. doi: 10.1038/s41588-021-00870-7

22. Glanville KP, Coleman JRI, O’Reilly PF, Galloway J, Lewis CM. Investigating
pleiotropy between depression and autoimmune diseases using the UK biobank. Biol
Psychiatry Global Open science. (2021) 1:48–58. doi: 10.1016/j.bpsgos.2021.03.002

23. Jiang L, Zheng Z, Fang H, Yang J. A generalized linear mixed model association
tool for biobank-scale data. Nat Genet. (2021) 53:1616–21. doi: 10.1038/s41588-021-
00954-4

24. Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, et al. The UK
Biobank resource with deep phenotyping and genomic data. Nature. (2018) 562:203–9.
doi: 10.1038/s41586-018-0579-z
Frontiers in Endocrinology 11
25. Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Donner KM, et al.
FinnGen provides genetic insights from a well-phenotyped isolated population. Nature.
(2023) 613:508–18. doi: 10.1038/s41586-022-05473-8

26. Bowden J, Spiller W, Del Greco MF, Sheehan N, Thompson J, Minelli C, et al.
Improving the visualization, interpretation and analysis of two-sample summary data
Mendelian randomization via the Radial plot and Radial regression. Int J Epidemiol.
(2018) 47:2100. doi: 10.1093/ije/dyy265

27. Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis
with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–
65. doi: 10.1002/gepi.2013.37.issue-7

28. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int J
Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

29. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The
MR-Base platform supports systematic causal inference across the human phenome.
eLife. (2018) 7. doi: 10.7554/eLife.34408

30. Gupta N, Arora M, Sharma R, Arora KS. Peripheral and central nervous system
involvement in recently diagnosed cases of hypothyroidism: an electrophysiological
study. Ann Med Health Sci Res. (2016) 6:261–6. doi: 10.4103/amhsr.amhsr_39_16

31. Guillen-Yunta M, Garcia-Aldea A, Valcarcel-Hernandez V, Sanz-Bogalo A, Munoz-
Moreno E, Matheus MG, et al. Defective thyroid hormone transport to the brain leads to
astroglial alterations. Neurobiol Dis. (2024) 200:106621. doi: 10.1016/j.nbd.2024.106621

32. Nemni R, Bottacchi E, Fazio R, Mamoli A, Corbo M, Camerlingo M, et al.
Polyneuropathy in hypothyroidism: clinical, electrophysiological and morphological
findings in four cases. J Neurol Neurosurg Psychiatry. (1987) 50:1454–60. doi: 10.1136/
jnnp.50.11.1454

33. Sidenius P, Nagel P, Larsen JR, Boye N, Laurberg P. Axonal transport of slow
component a in sciatic nerves of hypo- and hyperthyroid rats. J Neurochem. (1987)
49:1790–5. doi: 10.1111/j.1471-4159.1987.tb02437.x

34. Chaudhary P, Marracci GH, Calkins E, Pocius E, Bensen AL, Scanlan TS, et al.
Thyroid hormone and thyromimetics inhibit myelin and axonal degeneration and
oligodendrocyte loss in EAE. J Neuroimmunol. (2021) 352:577468. doi: 10.1016/
j.jneuroim.2020.577468

35. Mansueto ML, Zagni G, Sartori C, Olivares Bermudez BA, Righi B, Catellani C,
et al. Late diagnosis of severe long-standing autoimmune hypothyroidism after the first
lockdown for the Covid-19 pandemic: clinical features and follow-up. Acta Biomed.
(2022) 92:e2021239. doi: 10.23750/abm.v92iS1.11730

36. Wang X, Wang H, Yan L, Yang L, Xue Y, Yang J, et al. The positive association
between subclinical hypothyroidism and newly-diagnosed hypertension is more
explicit in female individuals younger than 65. Endocrinol Metab (Seoul). (2021)
36:778–89. doi: 10.3803/EnM.2021.1101

37. Jadhao P, Swain J, Das S, Mangaraj S, Sravya SL. Prevalence and predictors of
diabetic peripheral neuropathy in newly diagnosed type 2 diabetes mellitus patients.
Curr Diabetes Rev. (2024). doi: 10.2174/0115733998282818240125110248

38. Reshdat S, Mehri M, Pourkalhor S, Najmaldin A, Foroutan M. Relationship
between subclinical hypothyroidism and distal-symmetric diabetic polyneuropathy in
type 2 diabetes mellitus referred to Kosar Hospital in Semnan and related indicators in
2019-2020. J Family Med Prim Care . (2022) 11:1361–8. doi: 10.4103/
jfmpc.jfmpc_1262_21

39. Novello BJ, Pobre T. Electrodiagnostic evaluation of peripheral neuropathy. In:
StatPearls. StatPearls Publishing LLC, Treasure Island (FL (2024). Disclosure: Thomas
Pobre declares no relevant financial relationships with ineligible companies.

40. Padua L, Coraci D, Erra C, Pazzaglia C, Paolasso I, Loreti C, et al. Carpal tunnel
syndrome: clinical features, diagnosis, and management. Lancet Neurol. (2016)
15:1273–84. doi: 10.1016/S1474-4422(16)30231-9

41. Kokubo R, Kim K. Carpal tunnel syndrome: diagnosis and treatment. No Shinkei
Geka. (2021) 49:1306–16. doi: 10.11477/mf.1436204516

42. Karne SS, Bhalerao NS. Carpal tunnel syndrome in hypothyroidism. J Clin Diagn
Res. (2016) 10:OC36–8. doi: 10.7860/JCDR/2016/16464.7316

43. Meroni R, Alberti P, Boria P, Giordano S, Cavaletti G. Distal pain and carpal
tunnel syndrome diagnosis among cashiers: a longitudinal study. Int Arch Occup
Environ Health. (2017) 90:741–6. doi: 10.1007/s00420-017-1237-8

44. Shiri R. Hypothyroidism and carpal tunnel syndrome: a meta-analysis. Muscle
Nerve. (2014) 50:879–83. doi: 10.1002/mus.24453

45. Rhee SY, Cho HE, Kim JH, Kim HS. Incidence and reappraisal of known risk
factors associated with carpal tunnel syndrome: A nationwide, 11-year, population-
based study in South Korea. J Clin Neurol. (2021) 17:524–33. doi: 10.3988/
jcn.2021.17.4.524

46. Shi C, Zou Q, Wei H. The association of back pain with physical inactivity and
hypothyroidism in pregnant women. J Back Musculoskelet Rehabil. (2024).
doi: 10.3233/BMR-240086

47. Annison DR, Abedi A, Mansfield M. Hashimoto’s thyroiditis presenting as non-
specific low back pain: A case report on diagnostic challenges and management in
primary care. Cureus. (2024) 16:e58084. doi: 10.7759/cureus.58084
frontiersin.org

https://doi.org/10.1016/S0140-6736(17)30703-1
https://doi.org/10.1530/eje.1.02068
https://doi.org/10.1038/nrendo.2012.29
https://doi.org/10.1016/B978-0-7020-4087-0.00048-6
https://doi.org/10.22092/ARI.2022.357389.2029
https://doi.org/10.3810/pgm.1997.09.318
https://doi.org/10.1136/jnnp.52.12.1420
https://doi.org/10.1007/s10072-009-0026-x
https://doi.org/10.1155/2021/5525156
https://doi.org/10.1155/2021/5525156
https://doi.org/10.1136/jnnp.68.6.750
https://doi.org/10.1212/01.wnl.0000234035.13779.4a
https://doi.org/10.1212/01.wnl.0000234035.13779.4a
https://doi.org/10.2147/IJGM.S337779
https://doi.org/10.1007/s00415-020-10394-5
https://doi.org/10.1007/s00415-020-10394-5
https://doi.org/10.1111/j.1468-1331.2009.02743.x
https://doi.org/10.33588/rn.7501.2022054
https://doi.org/10.1016/j.oooo.2020.05.006
https://doi.org/10.1097/PRS.0000000000009334
https://doi.org/10.12688/wellcomeopenres
https://doi.org/10.1136/bmj.n2233
https://doi.org/10.1038/s41588-021-00870-7
https://doi.org/10.1016/j.bpsgos.2021.03.002
https://doi.org/10.1038/s41588-021-00954-4
https://doi.org/10.1038/s41588-021-00954-4
https://doi.org/10.1038/s41586-018-0579-z
https://doi.org/10.1038/s41586-022-05473-8
https://doi.org/10.1093/ije/dyy265
https://doi.org/10.1002/gepi.2013.37.issue-7
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.7554/eLife.34408
https://doi.org/10.4103/amhsr.amhsr_39_16
https://doi.org/10.1016/j.nbd.2024.106621
https://doi.org/10.1136/jnnp.50.11.1454
https://doi.org/10.1136/jnnp.50.11.1454
https://doi.org/10.1111/j.1471-4159.1987.tb02437.x
https://doi.org/10.1016/j.jneuroim.2020.577468
https://doi.org/10.1016/j.jneuroim.2020.577468
https://doi.org/10.23750/abm.v92iS1.11730
https://doi.org/10.3803/EnM.2021.1101
https://doi.org/10.2174/0115733998282818240125110248
https://doi.org/10.4103/jfmpc.jfmpc_1262_21
https://doi.org/10.4103/jfmpc.jfmpc_1262_21
https://doi.org/10.1016/S1474-4422(16)30231-9
https://doi.org/10.11477/mf.1436204516
https://doi.org/10.7860/JCDR/2016/16464.7316
https://doi.org/10.1007/s00420-017-1237-8
https://doi.org/10.1002/mus.24453
https://doi.org/10.3988/jcn.2021.17.4.524
https://doi.org/10.3988/jcn.2021.17.4.524
https://doi.org/10.3233/BMR-240086
https://doi.org/10.7759/cureus.58084
https://doi.org/10.3389/fendo.2024.1436823
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Duan et al. 10.3389/fendo.2024.1436823
48. Vakharia RM, Vakharia AM, Ameri B, Niedzielak T, Donnally CJ3rd, Malloy J.
Hypothyroidism increases 90-day postoperative complications in patients undergoing
primary single level anterior cervical disectomy and fusion: a matched control analysis.
J Spine Surg. (2018) 4:274–80. doi: 10.21037/jss.2018.05.26

49. Lambrechts MJ, Pitchford C, Hogan D, Li J, Fogarty C, Rawat S, et al. Lumbar
spine intervertebral disc desiccation is associated with medical comorbidities linked to
systemic inflammation. Arch Orthop Trauma Surg. (2023) 143:1143–53. doi: 10.1007/
s00402-021-04194-3

50. Sharma S, Tobin V, Vas PRJ, Rayman G. The LDIFLARE and CCM methods
demonstrate early nerve fiber abnormalities in untreated hypothyroidism: A
Frontiers in Endocrinology 12
prospective study. J Clin Endocrinol Metab. (2018) 103:3094–102. doi: 10.1210/
jc.2018-00671

51. Magri F, Buonocore M, Oliviero A, Rotondi M, Gatti A, Accornero S, et al.
Intraepidermal nerve fiber density reduction as a marker of preclinical asymptomatic
small-fiber sensory neuropathy in hypothyroid patients. Eur J Endocrinol. (2010)
163:279–84. doi: 10.1530/EJE-10-0285

52. Bazika-Gerasch B, Kumowski N, Enax-Krumova E, Kaisler M, Eitner LB, Maier
C, et al. Impaired autonomic function and somatosensory disturbance in patients with
treated autoimmune thyroiditis. Sci Rep. (2024) 14:12358. doi: 10.1038/s41598-024-
63158-w
frontiersin.org

https://doi.org/10.21037/jss.2018.05.26
https://doi.org/10.1007/s00402-021-04194-3
https://doi.org/10.1007/s00402-021-04194-3
https://doi.org/10.1210/jc.2018-00671
https://doi.org/10.1210/jc.2018-00671
https://doi.org/10.1530/EJE-10-0285
https://doi.org/10.1038/s41598-024-63158-w
https://doi.org/10.1038/s41598-024-63158-w
https://doi.org/10.3389/fendo.2024.1436823
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Causal relationship between hypothyroidism and peripheral neuropathy: a Mendelian randomization study of European ancestry
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data sources
	2.3 Genetic instrument selection
	2.4 Statistical analysis

	3 Results
	3.1 Instrumental variables selection
	3.2 Univariable MR for the causal relationship between HT and PN diseases

	4 Discussion
	4.1 Strengths and limitations
	4.2 Conclusions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


