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Highlights: Impact and implications:
� Hypothyroidism raises MASLD odds by 1.68-fold, with
stable sibling-based results.

� In terms of histological types, hypothyroidism–MASLD risk
peaks in non-cirrhotic fibrosis.

� Metabolic disorders mediate �41% of the hypothyroidism–

MASLD association.

� Genetically predicted thyroid-stimulating hormone levels
and hypothyroidism are linked to higher MASLD risk.

� Hyperthyroidism shows a potential inverse association
with MASLD.
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The approval by the US FDA of resmetirom, a thyroid hormone
receptor b-selective agonist for non-cirrhotic metabolic
dysfunction-associated steatohepatitis with stage 2–3 fibrosis,
highlights the potential role of thyroid dysfunction in metabolic-
associated steatotic liver disease (MASLD). This study identi-
fied hypothyroidism as a risk factor for MASLD, especially in
men and individuals younger than 40 years, with the associa-
tion peaking at non-cirrhotic fibrosis. Metabolic disorders
mediated �41% of the hypothyroidism–MASLD association.
Hyperthyroidism was potentially inversely associated with
MASLD. Despite its low prevalence (2.5% in MASLD cases,
1.4% in controls), the population health impact of hypothy-
roidism warrants further attention.
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Background & Aims: Thyroid hormones are known to be potent modulators of hepatic metabolism and targeting the thyroid
hormone receptor was recently approved as the first treatment for metabolic-associated steatotic liver disease (MASLD); however,
the exact relationship between thyroid disorders and biopsy-confirmed MASLD remains unclear.

Methods: We conducted a nationwide matched case–control study leveraging data from the Swedish Epidemiology Strength-
ened by histoPathology Reports in Sweden (ESPRESSO) cohort, which includes liver biopsy data spanning from 1969 to 2017. We
identified 12,172 patients with MASLD and 56,831 matched general-population controls, including 5,478 patients with MASLD
with 10,682 sibling controls. Conditional logistic regression was used to calculate odds ratios for hypothyroidism and hyper-
thyroidism defined through ICD codes or prescription records. Causal inference was examined using Mendelian randomization
(MR). Both observational and MR mediation analyses were performed to explore the roles of metabolic features.

Results: Hypothyroidism was associated with 1.68-fold increased odds of MASLD (95% CI 1.36–2.06). The association remained
stable in the analysis using siblings as controls. However, in absolute terms, hypothyroidism was uncommon and seen in 2.5% in
people with MASLD and in 1.4% of controls. Higher genetically predicted thyroid-stimulating hormone levels and hypothyroidism
were linked to increased MASLD risk. Mediation analysis showed that metabolic disorders contributed �41% to this risk.
Furthermore, there was an inverse association between hyperthyroidism and MASLD (adjusted odds ratio 0.17, 95% CI
0.05–0.56); however, the association did not reach statistical significance in the MR analysis.

Conclusions: The findings suggest that hypothyroidism is associated with a heightened risk of MASLD and that hyperthyroidism
is potentially protective against MASLD.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Metabolic-associated steatotic liver disease (MASLD) has
become a major global health issue, affecting �38% of adults
worldwide.1 Over the past three decades, the prevalence of
MASLD has risen sharply,2 but treatment options remain limited
despite this growing burden. However, in March 2024, the US
FDA approved the first drug for MASLD, resmetirom, which is
an oral, liver-directed, thyroid hormone receptor b-selective
agonist.3 This approval, specifically for patients with non-
cirrhotic metabolic dysfunction-associated steatohepatitis
(MASH) and stage 2–3 fibrosis, underscores the potential role
of thyroid dysfunction in MASLD pathogenesis.

Impaired thyroid function is known to alter hepatic meta-
bolism by impacting lipid metabolism, fatty acid oxidation, and
energy production.4 Epidemiological studies have also
explored the relationship between hypothyroidism and MASLD,
with meta-analyses generally indicating a positive associa-
tion.5,6 However, the causal role of hypothyroidism in MASLD
development remains unclear as a result of several limitations:
(1) significant heterogeneity of diagnostic modalities for MASLD
and missing information on liver histology; (2) predominance of
cross-sectional study designs; (3) small sample sizes; and (4)
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potential residual confounding resulting from inadequate
adjustment for key variables, such as metabolic disorders and
autoimmune diseases. Furthermore, the role of sex differences
in this association has not been fully investigated.7 To
strengthen causal inference, Mendelian randomization (MR) has
been proposed as a valuable approach, using genetic variants
as instrumental variables to reduce confounding and reverse
causation.8 In terms of the association between hyperthyroid-
ism and MASLD, few studies have been conducted,9,10 and
often only with a small sample size.

The increasing prevalence of MASLD is linked to metabolic
risk factors.11 Hypothyroidism, a common endocrine disorder
characterized by insufficient thyroid hormone production, has
been implicated in various metabolic disturbances, particularly
weight gain and dyslipidemia, which could serve as pathways
linking hypothyroidism to MASLD.12–14 However, few studies
have thoroughly investigated this potential mechanism.15 Thus,
we used a nationwide matched case–control and MR approach
to assess the association between hypothyroidism, hyperthy-
roidism, and MASLD, and to explore the potential
mediating roles of metabolic traits in the hypothyroidism–

MASLD association.
t, Nobels väg 13, 171 65 Solna, Stockholm, Sweden.
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Thyroid disease and MASLD
Materials and methods
We conducted a nationwide matched case–control study to
estimate the associations of a previous diagnosis of hypothy-
roidism and hyperthyroidism with biopsy-proven MASLD. To
strengthen causality of the association, we performed a two-
sample MR analysis using data from large-scale studies and
biobanks. Mediation analysis was performed to understand the
biological pathways.

Nationwide matched case–control study

Data source and study population

The case–control analysis was based on data from the Epide-
miology Strengthened by histoPathology Reports in Sweden
(ESPRESSO) cohort, which prospectively collected liver histo-
pathology data from all 28 pathology departments across
Sweden between 1969 and 2017.16 Each histopathology report
includes a unique personal identity number, biopsy date, liver
topography, and morphological details. We identified all adult
patients aged 18 years or older who underwent liver biopsy
between 1969 and 2017. Among these, we first removed those
who had emigrated from Sweden before the liver biopsy date
(the index date) and then excluded patients with a history of
alcohol abuse/misuse, other causes of acute or chronic liver
disease, or previous liver transplantation, using a validated ICD
algorithm (Table S1).17 We then defined patients with MASLD
according to Systematized Nomenclature of Medicine Clinical
Terms (SNOMED) and ICD codes (Table S2). This approach
previously demonstrated a positive predictive value (PPV) of
92% for identifying MASLD.17 Patients with MASLD were
further classified into four histological subgroups based on
SNOMED definitions18: simple steatosis; non-alcoholic stea-
tohepatitis (MASH) without fibrosis; MASLD with non-cirrhotic
fibrosis; and cirrhosis. Individuals with liver biopsy data were
matched with up to five reference individuals from the general
population who had no record of earlier liver biopsy at time of
matching, based on age, sex, county of residence, and the
calendar year of biopsy. We also obtained data on individuals
with liver biopsy data and their sibling controls without
liver biopsy.

We further excluded patients with thyroid cancer and hy-
perthyroidism before MASLD diagnosis in the analysis of hy-
pothyroidism, and patients with thyroid cancer and
hypothyroidism before MASLD diagnosis in the analysis of
hyperthyroidism (Fig. S1). Identical exclusion criteria were
applied among the general population controls and sibling
controls. We linked ESPRESSO to validated nationwide regis-
ters that contain data on demographics, comorbidities, pre-
scribed medication, and mortality.

Ethical permit

The study was approved by the Stockholm Ethics Review
Board (2014/1287-31/4, 2018/972-32, and 2022-05774-02),
and informed consent was waived because of the register-
based nature of the research.19

Definition of hypothyroidism and hyperthyroidism

Hypothyroidism was identified using ICD codes (ICD-8: 245,02,
245,03; ICD-9: 245C; ICD-10: E06.3) from the National Patient
JHEP Reports, --- 2
Register, which has recorded hospitalization data since 1964
and specialized outpatient visit data since 2001. Given that
patients with hypothyroidism can be diagnosed and treated in
primary care, we also used the prescription of levothyroxine
(ATC H03AA01) and liothyronine (ATC H03AA02) as one of the
definitions of hypothyroidism based on data from 1 July 2005
onward from the Swedish Prescribed Drug Register.20 Like-
wise, hyperthyroidism was defined using ICD codes (ICD-8:
242,0–2; ICD-9: 242A–E, 376D; ICD-10: E05.0–E05.3, H06.2) in
the National Patient Register.

Assessment of covariates and potential mediators

We gathered comprehensive information on demographics,
comorbidities, and medication use of each individual
(Table S3). In brief, age at the index date (biopsy date for pa-
tients with MASLD or the corresponding matching date for
controls), sex, date of birth, and emigration status were ob-
tained from the Total Population Register.21 Education level
was sourced from the Longitudinal Integrated Database for
Health Insurance and Labour Market Studies (LISA),22 which
provides education data for >98% of all individuals aged 25–64
years, with an estimated accuracy for highest attained level of
education of 85%.22 Comorbidities, including pernicious ane-
mia, metabolic disorders (diabetes, obesity, dyslipidemia, or
hypertension), chronic obstructive pulmonary disease (COPD),
and autoimmune diseases23 (Table S4) were identified using
established ICD algorithms from the National Patient Register
with PPVs ranging from 85% to 95%.24 COPD with diagnostic
age >−40 years was used as a proxy for heavy smoking. Medi-
cation data, including lipid-lowering drugs, antidiabetic medi-
cation, and antihypertensive medication, were retrieved from
the Prescribed Drug Register.20 Given the temporal sequence
of the diagnosis of metabolic disorder, hypothyroidism, and
MASLD among cases, metabolic disorders diagnosed before
hypothyroidism were deemed a confounder, whereas meta-
bolic disorders diagnosed after hypothyroidism and before
MASLD were treated as potential mediators (Fig. S2).

Statistical analyses

We conducted conditional logistic regression to assess the
relationship between hypothyroidism, hyperthyroidism, and
MASLD. Crude and multivariable-adjusted odds ratios (ORs)
with 95% CIs were estimated, accounting for matching factors,
including age, sex, calendar year, and county of residence. I
addition, adjustments were made for potential confounders,
including education level (<−9 years, 10–12 years, >−13 years, or
missing), country of birth (Nordic or other), metabolic disorders
diagnosed before hypothyroidism, COPD, pernicious anemia,
autoimmune diseases, and the number of inpatient and
outpatient visits over the past 12 months before the index/
matching date (used as a proxy for healthcare utilization).
Assuming the causality between hypothyroidism and MASLD,
we used the ‘mediation’ R package25 (R Foundation for Sta-
tistical Analysis, Vienna, Austria) to estimate the mediation of
metabolic disorders diagnosed after hypothyroidism. The
analysis is based on nonparametric bootstrapping to generate
mediation effects, allowing for robust inference about the
mediation pathways. We then performed the analysis among
patients with MASLD by treating simple steatosis as the
reference group. We conducted a sensitivity analysis by
025. vol. 7 j 101369 2
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changing the control population to full siblings of patients with
MASLD to control for potential confounding factors related to
genetic predisposition and shared childhood exposures. Sub-
group analyses were performed stratified by sex (men and
women) and age (<40 years and >−40 years). For hyperthyroid-
ism, we abstained from subgroup and mediation analyses
because of inadequate statistical power. All analyses were
performed using R version 4.4.1 (R Foundation for Statistical
Computing, Vienna, Austria), with statistical significance
defined as a two-sided p value of <−0.05.

MR study

Study design

Hypothyroidism is characterized by low levels of thyroid hor-
mones and increased levels of thyroid-stimulating hormone
(TSH). Thus, we used TSH and clinically diagnosed hypothy-
roidism and hyperthyroidism as the exposures in the MR ana-
lyses. We first conducted a two-sample MR analysis to
investigate the associations of genetic liability to higher levels
of TSH, hypothyroidism, and hyperthyroidism with risk of
MASLD. We further conducted multivariable MR analyses to
examine whether metabolic traits mediated the associations.
Given that MR analyses were based on publicly available
summary data, an ethical permit was not required.

Genetic instrument selection

The TSH genome-wide association study (GWAS) data were-
bsourced from the ThyroidOmics Consortium (https://transfer.
sysepi.medizin.uni-greifswald.de/thyroidomics/datasets/), where
TSH levels were measured in 271,040 European participants
whose levels fell within the upper and lower 2.5% of the TSH
distribution, followed by inverse normal transformation.26 The
study accounted for assay and population characteristics, as well
as environmental factors, such as population iodine supply.26

GWAS data on hypothyroidism were extracted from the Veteran
Authority’s (VA) Million Veteran Program, where hypothyroidism
was defined by Phecode 244 with diagnostic data from hospital
electronichealth records.27Tominimizepopulationstructure bias,
we obtained data on participants of European ancestry,
including 62,814 cases and 378,321 non-cases of MASLD
(https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?
study_id=phs002453.v1.p1). Summary GWAS data on hyper-
thyroidism were available in a meta-analysis of three biobanks
including 3,271 cases and 512,267 non-cases of MASLD.28 We
first obtained all genetic variants (i.e. single nucleotide poly-
morphisms [SNPs]) associated with the exposure at the
genome-wide significance level (p <5 × 10-8) and then clumped
these SNPs by linkage disequilibrium (r2 <0.001). In total, 254,
265, and 24 SNPs were used as genetic instruments for TSH,
hypothyroidism, and hyperthyroidism, respectively. All retained
SNPs had F statistic >10, indicating limited weak instrument
bias.29 Detailed information on used SNPs is available
in Table S5.

Data sources for MASLD

Summary-level data on MASLD were obtained from a GWAS
meta-analysis of UK Biobank, Estonian Biobank, eMERGE, and
FinnGen, including 8,434 MASLD cases, all identified through
JHEP Reports, --- 2
electronic health records, and 770,180 non-cases of MASLD.30

Detailed diagnostic codes can be found in the original GWAS.30

Associations were adjusted for age, sex, and top genetic
principal components.

Data sources for metabolic traits

Based on previous findings,31 obesity, type 2 diabetes mellitus
(T2DM), triglycerides and systolic blood pressure were selected
as MASLD-associated metabolic traits and included in the
multivariable MR analysis. Summary-level data on BMI,32

T2DM (www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?
study_id=phs002453.v1.p1),33 triglycerides (www.nealelab.is/
uk-biobank), and systolic blood pressure34 were available
in GWASs including 806,834, 1,407,282 (228,499 cases),
343,992, and 1,006,863 individuals of European ancestry,
respectively.

Statistical analyses

Exposure and outcome data were harmonized based on effect
and non-effect alleles. SNPs with allele mismatch were
removed. We used the inverse variance weighted (IVW)
method with multiplicative random effects as the primary
analysis, supplemented by three sensitivity analyses: the
weighted median method,35 MR-Egger regression,36 and MR-
PRESSO.37 The IVW method is known for its precision but is
highly sensitive to SNP outliers, which can lead to horizontal
pleiotropy. By contrast, the weighted median method can
provide a robust estimate when more than half of the total
weight comes from valid SNPs. The MR-Egger regression
includes an intercept test to assess horizontal pleiotropy and
offers corrected estimates, although it tends to be under-
powered. It also detects outlier SNPs and recalculates esti-
mates after their removal, improving the robustness of the
results. We calculated Cochran’s Q to evaluate heterogeneity
among SNP estimates. Horizontal pleiotropy was assessed
using the MR-Egger intercept test and the MR-PRESSO
global test. Multivariable MR using exposure-specific in-
struments was performed using the MendelianRandomization
R package and mediation of metabolic traits was calculated
using the formula: (total effect-direct effect)/total effect. Two-
sample MR analysis was conducted using the TwoSampleMR
package in R 4.3.2. Statistical significance was set at a two-
sided p value of <−0.05.

Results

Nationwide matched case–control study

The characteristics of the cases of MASLD and general popu-
lation controls included in the study are shown in Table 1. In the
analysis of hypothyroidism, we included a total of 12,172
MASLD cases with different histological features and 56,831
matched population comparators. Patients with MASLD were
more frequently diagnosed with diabetes mellitus, obesity,
dyslipidemia, and hypertension compared with controls. For
the analysis treating siblings as controls, we included 5,478
MASLD cases with 10,682 sibling comparators.

A previous diagnosis of hypothyroidism was observed in
309 (2.5%) patients with MASLD and 819 (1.4%) controls,
indicating a 1.81-fold increased odds of MASLD (95% CI
1.57–2.09) in the crude model. This association persisted in the
025. vol. 7 j 101369 3
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Table 1. Characteristics of MASLD cases and controls.

Characteristic

Population controls All MASLD Simple steatosis MASH without fibrosis Non-cirrhotic fibrosis Cirrhosis

n = 56,831 n = 12,172 n = 8,144 n = 1,399 n = 1,941 n = 688

Sex, n (%)
Men 30,795 (54.2) 6,666 (54.8) 4,517 (55.5) 721 (51.5) 1,052 (54.2) 376 (54.7)
Women 26,036 (45.8) 5,506 (45.2) 3,627 (44.5) 678 (48.5) 889 (45.8) 312 (45.3)

Age
Mean (SD) 52.1 (16.4) 52.4 (16.4) 51.9 (16.0) 52.1 (17.1) 52.4 (17.9) 58.5 (13.7)
Median (IQR) 54 (41–64) 54 (42–64) 53 (41–64) 54 (41–64) 56 (43–65) 61 (52–67)

Country of birth, n (%)
Nordic country 52,097 (91.7) 10,946 (89.9) 7,376 (90.6) 1,241 (88.7) 1,705 (87.8) 624 (90.7)
Other 4,734 (8.3) 1,226 (10.1) 768 (9.4) 158 (11.3) 236 (12.2) 64 (9.3)

Education level*, n (%)
<−9 years 18,027 (31.7) 3,959 (32.5) 2,643 (32.5) 443 (31.7) 606 (31.2) 267 (38.8)
10–12 years 22,016 (38.7) 4,963 (40.8) 3,266 (40.1) 596 (42.6) 829 (42.7) 272 (39.5)
>−13 years 14,234 (25.1) 2,466 (20.3) 1,681 (20.6) 278 (19.9) 417 (21.5) 90 (13.1)
Missing 2,554 (4.5) 784 (6.4) 554 (6.8) 82 (5.8) 89 (4.6) 59 (8.6)

Start of follow-up, year
1969–1989 11,016 (19.4) 2,293 (18.9) 1,815 (26.2) 182 (13.0) 159 (8.2) 137 (20.0)
1990–2005 31,694 (55.8) 6,751 (55.5) 4,723 (58.1) 787 (56.3) 893 (46.0) 348 (50.7)
2006–2019 14,063 (24.8) 3,116 (25.6) 1,598 (19.6) 429 (30.7) 888 (45.8) 201 (29.3)

Comorbidities, n (%)
Any metabolic comorbidity 7,092 (12.5) 2,975 (24.4) 1,654 (20.3) 379 (27.1) 704 (36.3) 238 (34.6)
Diabetes 1,798 (3.2) 1,137 (9.3) 585 (7.2) 134 (9.6) 271 (14.0) 147 (21.4)
Obesity 111 (0.2) 218 (1.8) 121 (1.5) 39 (2.8) 51 (2.6) 7 (1.0)
Dyslipidemia 3,994 (7.0) 1,402 (11.5) 786 (9.7) 191 (13.7) 336 (17.3) 89 (12.9)
Hypertension 3,361 (5.9) 1,306 (10.7) 659 (8.1) 175 (12.5) 349 (18.0) 123 (17.9)

No. of hospital visits over past
12 months (mean, SD)

2.6 (8.1) 8.6 (17.8) 6.9 (14.5) 9.8 (18.9) 14.6 (26.0) 8.9 (17.8)

All variables reported as mean (SD) or n (%), unless described otherwise.
MASH, metabolic dysfunction-associated steatohepatitis.
*Education categories were based on compulsory school, high school, and college. Education level was recorded beginning in 1990; thus, data presented are for persons with index
dates on or after 1 January, 1990. Persons with index dates before 1990 had their education level recorded as missing.

Thyroid disease and MASLD
multivariable analysis (OR 1.68; 95% CI 1.36–2.06). In addition,
the relationship between previous hypothyroidism and the
development of MASLD varied across histological stages. The
OR increased from 1.22 (95% CI 0.91–1.65) for simple steatosis
to 2.54 (95% CI 1.44–4.48) for MASH without fibrosis, and
further to 2.58 (95% CI 1.76–3.78) for MASLD with non-cirrhotic
fibrosis (Table 2). However, for cirrhosis, the OR was 1.46 (95%
CI 0.54–3.96). This pattern was also observed in the analysis
among MASLD by treating simple steatosis as the reference
group (Table S6).

Subgroup analysis revealed possibly higher risks of MASLD
following a previous hypothyroidism diagnosis in men and in
the group younger than 40 years (Table S7). The OR of MASLD
was 3.10 (95% CI 2.02–4.76) in men and 5.32 (95% CI
2.29–12.34) in the group younger than 40 years. The associa-
tion between hypothyroidism and MASLD remained stable in
Table 2. Association between hypothyroidism and MASLD among MASLD cas

Population controls All MASLD Simple ste

n = 56,831 n = 12,172 n =

% 1.4 2.5
Crude model, OR (95%
CI)

1 (ref.) 1.81 (1.57–2.09) 1.55 (1.26

Multivariable-adjusted
model, OR (95% CI)

1 (ref.) 1.68 (1.36–2.06) 1.22 (0.91

Estimates were obtained from conditional logistic regression; all models were conditioned
model was adjusted for education, country at birth, metabolic disorders (obesity, type 2 diab
pulmonary disease, anemia, and clinical visit in the past 12 months.
MASH, metabolic dysfunction-associated steatohepatitis; OR, odds ratio.
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the sensitivity analysis treating unaffected siblings as controls
(Table S8). The mediation analysis revealed that 41.2% (95%
30.1–53.0%) of the hypothyroidism–MASLD association was
mediated by metabolic disorders diagnosed after hypothy-
roidism and before MASLD.

In the analysis of hyperthyroidism, we included a total of
11,875 MASLD cases and 56,248 matched population com-
parators. A previous diagnosis of hyperthyroidism was
observed in 11 (0.09%) patients with MASLD and 69 (0.13%)
controls. Compared with non-hyperthyroidism, prior diagnosis
of hyperthyroidism was associated with a reduced odds of
MASLD in the crude model (OR 0.74, 95% CI 0.39–1.40) and
(OR 0.17, 95% CI 0.05–0.56) in the multivariable analysis. The
association became clear after adjusting for autoimmune dis-
ease and remained stable in the analysis treating unaffected
siblings as controls.
es and general population controls.

atosis MASH without fibrosis Non-cirrhotic fibrosis Cirrhosis

8,144 n = 1,399 n = 1,941 n = 688

1.6 3.7 5.3 2.8
–1.92) 2.11 (1.47–3.04) 2.32 (1.79–3.00) 1.29 (0.75–2.21)

–1.65) 2.54 (1.44–4.48) 2.58 (1.76–3.78) 1.46 (0.54–3.96)

on stratum factors (age, sex, biopsy calendar year, and county). Multivariable-adjusted
etes mellitus, dyslipidemia, and hypertension), autoimmune disease, chronic obstructive

025. vol. 7 j 101369 4



Research article
MR study

Out of the 254 SNPs associated with TSH, 226 were available
in the MASLD GWAS dataset, whereas 219 of the 265 SNPs
associated with hypothyroidism were present in the same
dataset. Genetically predicted higher levels of TSH and genetic
liability to hypothyroidism were associated with an increased
risk of MASLD (Table 3). The OR of MASLD was 1.10 (95% CI
1.03–1.17) per SD increase in genetically predicted inverse
normal transformed TSH levels, and 1.07 (95% CI 1.03–1.12)
per unit increase in genetic predisposition to hypothyroidism.
Genetic liability to hyperthyroidism was not associated with
MASLD (OR 0.92, 95% CI 0.84–1.01; p = 0.096). The associ-
ations remained generally consistent in sensitivity analyses and
no significant heterogeneity or horizontal pleiotropy was
detected (Table 3).

Approximately 5.4% and 19.4% of the associations be-
tween genetically predicted TSH and MASLD was mediated by
BMI and triglycerides, respectively. Likewise, 2.8% and 9.7%
of the associations between genetically predicted hypothy-
roidism and MASLD was mediated by BMI and triglycerides,
respectively. However, these analyses were underpowered to
detect statistically significant mediation effects (Table S9).
Limited mediation was observed for genetically predicted
T2DM or systolic blood pressure.
Discussion
This nationwide case–control and MR study identified a posi-
tive association between previous hypothyroidism and an
elevated risk of developing MASLD. This association was
pronounced in men and individuals younger than 40 years. The
association intensified in more advanced stages of MASLD,
peaking with non-cirrhotic fibrosis, but did not continue to in-
crease as the disease progressed to cirrhosis. Metabolic dis-
orders that developed after diagnosis of hypothyroidism
mediated �41% of this association. We also found an inverse
association between a previous diagnosis of hyperthyroidism
and MASLD development; however, this association was not
observed in the MR analysis. In absolute terms, hypothyroidism
Table 3. Genetically predicted higher levels of TSH and hypothyroidism in rela

Exposure

Genetically predicted TSH levels Inverse variance weigh
plicative random effects
Weighted median
MR-Egger
Cochran’s Q = 224; PM

= 0.159; PMR-PRESSO glo

Genetic liability to hypothyroidism Inverse variance weigh
plicative random effects
Weighted median
MR-Egger
Cochran’s Q = 206; PM

PMR-PRESSO global test = 0
Genetic liability to hyperthyroidism Inverse variance weigh

plicative random effects
Weighted median
MR-Egger
Cochran’s Q = 14; PMR-

= 0.931; PMR-PRESSO glo

Results were obtained using method listed in the ‘Method’ column and are given as OR with
significant. MR-PRESSO detected no outlier in either analysis. MASH, metabolic dysfun
thyroid-stimulating hormone.
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was uncommon and seen in 2.5% in people living with MASLD
and in 1.4% controls. Although hypothyroidism might have a
lower prevalence, the condition is common enough to have a
meaningful population health impact.

Our finding of a positive association between hypothyroid-
ism and MASLD is consistent with previous research.5,6 A
meta-analysis of 13 studies (two cohorts, four case–control,
and seven cross-sectional with a sample size up to 18,544)
reported a significant association between hypothyroidism and
MASLD (OR, 1.52, 95% CI 1.24–1.87), despite considerable
heterogeneity among the studies.5 Another meta-analysis,
which included 12 cross-sectional and three longitudinal
studies, also found a similar association (OR, 1.42, 95% CI
1.15–1.77).6 A positive association was also observed between
higher levels of TSH and higher levels of liver fibrosis.38

Furthermore, an MR study utilizing GWAS data from 1,483
European non-alcoholic fatty liver disease cases and 17,781
controls provided additional evidence supporting this link.39

Our study, which leveraged a nationwide dataset and was
well powered, further reinforces the positive association be-
tween hypothyroidism and MASLD, adding robust support to
the existing body of evidence.

The meta-analysis of three studies, although limited by small
sample sizes, investigated the link between hypothyroidism
and the risk of severe MASLD,6 finding that the magnitude of
risk closely mirrored the severity of MASLD histology.6 This
partially aligns with our results in that we observed a similar
trend, but did not observe a continued increase in risk for
cirrhosis. Interestingly, another study reported that, although
hypothyroidism was highly prevalent among patients with
MASLD and was associated with increased MASLD inflam-
matory activity, it was not linked to fibrosis or grade of stea-
tosis.40 A potential explanation for this is that, given that the
development of cirrhosis is a prolonged process, hypothy-
roidism diagnosed in the 5–10 years before cirrhosis diagnosis
might have only a marginal impact on liver disease progression.
In addition, this might reflect that hypothyroidism might not be
a universal driver of MASLD, but rather a factor in a specific
subgroup of patients who have a unique hepatic or systemic
tion to risk of MASLD in MR analysis.

Method OR (95% CI) p value

ted with multi- 1.10 (1.03–1.17) 0.004

1.11 (1.00–1.24) 0.049
1.02 (0.91–1.15) 0.735

R-Egger intercept test

bal test = 0.410
ted with multi- 1.07 (1.03– 1.12) 0.001

1.07 (1.00–1.15) 0.045
1.05 (0.96–1.15) 0.282

R-Egger intercept test = 0.513;
.617
ted with multi- 0.92 (0.84–1.01) 0.096

0.94 (0.79–1.12) 0.499
0.91 (0.67–1.25) 0.567

Egger intercept test

bal test = NA

95% CI for genetic liability to MASLD as outcome; p <0.05 were considered statistically
ction-associated steatohepatitis; MR, Mendelian randomization; OR, odds ratio; TSH,
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metabolic response. This hypothesis is partly supported by the
results of the trial of resmetirom, where only �30% of the high-
dose patients responded.3 However, we cannot rule out that
the null association for grade of steatosis might be caused by
underdiagnosis of subclinical hypothyroidism or inadequate
power because of the inclusion of fewer patients with cirrhosis.
Nonetheless, these findings collectively underscore the po-
tential importance of early detection and management of hy-
pothyroidism in mitigating the progression of MASLD.

In our study, we observed a notably stronger association
between hypothyroidism and MASLD in men (OR, 3.10), which
aligns with findings from a Korean cross-sectional study.7 In
addition, we identified a more pronounced association in in-
dividuals younger than 40 years (OR, 5.32) compared with
those older than 40 years (OR, 1.49). These findings suggest
that younger individuals and men are at higher risk for MASLD
in the context of hypothyroidism. MASLD is most commonly
the consequence of long-standing obesity. Thus, these data
underscore the fact that an alternative underlying mechanism
leading to the development of MASLD in younger individuals
might be hypothyroidism. However, future studies examining all
patients in such subgroups are needed.

Although the role of metabolic disorders as intermediaries
between hypothyroidism and MASLD has been suggested,13–15

empirical evidence remains limited. Our cohort study found that
�41% of the association between hypothyroidism and MASLD
might be mediated by metabolic disorders. Notably, multivari-
able MR analysis identified triglycerides as a key mediator,
consistent with findings from animal studies.12 These are
consistent with the understanding that metabolic disorder is a
key metabolic risk factor for MASLD. Although a larger pro-
portion of the hypothyroidism–MASLD association was medi-
ated by metabolic disorders, hypothyroidism still retained a
direct, unmediated effect on MASLD risk. These findings
emphasize the dual role of hypothyroidism as: (1) an upstream
factor that contributes to metabolic disorders; and (2) an in-
dependent risk factor for MASLD through mechanisms unre-
lated to traditional metabolic disorders, such as direct effects
on liver metabolism, inflammation, or fibrosis pathways,
implying that liver cells metabolize intracellular fat without
noticeable changes in systemic metabolism. Thus, further
research is necessary to investigate other alternative pathways
and enhance our understanding of the relationship between
hypothyroidism and MASLD.

We also found a lower risk of MASLD in patients with hy-
perthyroidism. This is consistent with earlier studies9,10,41 and
in line with recent trial data demonstrating a beneficial effect
of resmetirom.3

Our paper has some strengths. As a nationwide case–
control study, >12,000 individuals with biopsy-verified MASLD
were included. Excluding other liver diseases, our definition of
MASLD had a high PPV.17 We adjusted our analyses for a large
number of covariates, including healthcare consumption, and
confirmed our hypothyroidism results in a sibling comparison
that should have also minimized intrafamilial confounding. Not
all patients with hyperthyroidism and hypothyroidism are
detected through the National Patient Registry and, therefore,
we also exploited Prescribed Drug Register data to increase
our sensitivity for thyroid disease. Finally, we carried out MR
analyses to triangulate our findings. Notably, directly
comparing the magnitude of observational and MR
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associations was challenging because of differences in expo-
sure measurement, that is, clinical diagnosis in the case–
control study versus genetic predisposition in MR. However,
these two approaches complement each other: the case–
control study reflects real-world clinical implications by using
actual disease diagnoses, whereas MR strengthens causal
inference by mitigating confounding and reverse causation
through the use of genetic instruments.

We acknowledge several limitations in our study. First, the
analysis was limited to individuals who underwent liver biopsy,
which inherently introduces selection bias. Liver biopsy is typi-
cally performed in patients with more severe or atypical pre-
sentations of disease, making this cohort less representative of
the broader MASLD population. This selection bias is evidenced
by the lower rate of simple steatosis observed in our study (67%)
compared with the expected rate of 75–80% in the general
population. However, the persistence of associations between
thyroid diseases and MASLD in this cohort suggests that these
links are not confined to early stages of the disease, but also
extend to more advanced stages. This highlights the potential
role of thyroid diseases as clinically significant risk factors across
the MASLD spectrum. By contrast, the observed discrepancy
might also partly reflect potential misclassification or variability in
pathologist coding practices, particularly given the absence of
centralized biopsy reading. Nevertheless, the previous validation
of pathology reports provides confidence that steatosis was
accurately identified, mitigating concerns about misclassifica-
tion.17 Second, we lacked detailed data on the specific in-
dications for liver biopsy. Although liver biopsy in Sweden is
generally performed in patients with clinical suspicion of
advanced fibrosis or alternative diagnoses, the absence of pre-
cise indication data limited our ability to fully contextualize the
findings. Third, the general population comparator group did not
undergo liver biopsy, preventing direct histological comparisons.
This approach assumed that these individuals did not have
clinically significant liver disease; however, the possibility of
undetected MASLD or other liver conditions in this group cannot
be entirely excluded, which could introduce potential bias.
Nonetheless, given the invasive nature and associated risks of
liver biopsy, it would be both clinically and scientifically inap-
propriate to compare patients with MASLD to individuals with
mild findings who underwent biopsy that turned out to be
‘normal’. In addition, any misclassification of MASLD within the
comparator group would likely bias the results toward the null,
thereby underestimating the true association. This conservative
bias strengthens confidence in the observed findings. Fourth, in
the ESPRESSO cohort, we lacked data on thyroid-related hor-
mones, liver function tests, or related biomarkers, which limits
our ability to explore mechanistic pathways underlying the
observed associations. Fifth, the analyses of hyperthyroidism
and the subgroup analysis for cirrhosis were limited by low
statistical power, potentially affecting the robustness of these
findings. Sixth, while we identified associations between hypo-
thyroidism, hyperthyroidism, and MASLD, we did not have data
on the impact of hypothyroidism treatments on liver disease
severity. Future studies incorporating treatment data and addi-
tional biomarkers could provide more comprehensive insights
into these relationships. Finally, the absence of GWAS data on
MASLD histopathological subtypes limited our ability to explore
the associations between genetically predicted thyroid-related
indicators and MASLD severity using MR.
025. vol. 7 j 101369 6
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In summary, our study found a significant association be-
tween hypothyroidism and an increased risk of developing
MASLD, with a particularly pronounced risk in younger in-
dividuals and men. This risk escalated with MASLD severity,
peaking at non-cirrhotic fibrosis, underscoring the importance
JHEP Reports, --- 2
of early intervention to mitigate disease progression. Finally,
we found a potential inverse relationship between hyperthy-
roidism and MASLD, supporting an effect of newly estab-
lished thyroid hormone receptor b-agonist treatment
in MASLD.
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