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Association between metabolic dysfunction-associated steatotic liver
disease and the risk of thyroid cancer: a nationwide cohort study
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This study suggests an association between MASLD and an increased risk of thyroid cancer in older L
Conclusion adults. However, further research is needed to determine whether lifestyle modifications, such as K I M ~‘
weight management, influence thyroid cancer risk in this population.

Background/Aims: Metabolic dysfunction-associated steatotic liver disease (MASLD) is associated with various metabol-
ic disorders; however, its relationship with thyroid cancer remains unclear. This study investigated the association between
MASLD and the risk of thyroid cancer.

Methods: This retrospective cohort study used data from the Korean National Health Insurance Service database on individ-
uals who underwent three or more health examinations between January 2002 and December 2015. MASLD was diagnosed
using the Hepatic Steatosis Index. Participants were followed up until December 31, 2019, to assess the incidence of newly
diagnosed thyroid cancer.
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Results: A total of 121,479 individuals were included in this study. In the age- and sex-adjusted analysis, the risk of thyroid
cancer was significantly higher in the MASLD group than in the normal group (HR 1.19, 95% Cl 1.11-1.29, p < 0.001). Age
was a significant effect modifier of the relationship between MASLD and thyroid cancer (p for interaction < 0.05). Among
individuals aged 65 years or older, the risk of thyroid cancer was higher in the MASLD group than in the normal group (HR
1.31, 95% Cl 1.00-1.72, p = 0.05), whereas in individuals younger than 65 years, MASLD was not associated with thyroid
cancer (HR 0.97, 95% C1 0.89-1.04, p = 0.37).

Conclusions: This study suggests an association between MASLD and an increased risk of thyroid cancer in older adults.
However, further research is needed to determine whether lifestyle modifications, such as weight management, influence

thyroid cancer risk in this population.
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease
(MASLD) has recently been proposed as a more precise term
to describe liver disease linked to metabolic dysregulation,
replacing the traditional concept of non-alcoholic fatty liver
disease (NAFLD) [1]. NAFLD is characterized by the accumu-
lation of fat in the liver that occurs in the absence of other
identifiable causes of hepatic steatosis, such as a high alco-
hol intake, viral hepatitis, or other specific liver diseases [2].
In contrast, MASLD is defined by the presence of hepatic
steatosis with either overweight/obesity or type 2 diabetes
mellitus (T2DM). However, in individuals who are lean based
on population-specific body mass index (BMI) criteria, are
not overweight/obese, and do not have T2DM, its diagno-
sis requires at least two additional metabolic risk factors
[3]. This new terminology more accurately reflects the un-
derlying pathophysiology of liver disease in the context of
metabolic syndrome and aligns with the increasing global
prevalence of obesity.

Thyroid cancer is the most common endocrine malignan-
¢y. The incidence of thyroid cancer has increased over the
past several decades [4,5]. The recognized risk factors for
thyroid cancer include radiation exposure, familial predispo-
sition, and specific genetic mutations. Emerging evidence
suggests that metabolic disorders may also contribute to the
risk of developing thyroid cancer [6,7]. The hypothesized as-
sociation between MASLD and thyroid cancer could be me-
diated through mechanisms such as chronic inflammation,
insulin resistance, and altered adipokine levels, which are
key features of metabolic dysfunction [8]. Additionally, the
oxidative stress and immune dysregulation associated with
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MASLD may further contribute to a pro-carcinogenic envi-
ronment within the thyroid gland [9].

Despite the hypothesized association between MASLD
and thyroid cancer, the relationship remains insufficient-
ly explored, and it is unclear whether MASLD is an inde-
pendent risk factor for thyroid cancer. Understanding this
relationship is critical, particularly given the growing preva-
lence of various types of metabolic dysfunction worldwide
and their broader implications for public health. This study
aimed to investigate the association between MASLD and
the risk of thyroid cancer and to clarify whether MASLD is
an independent risk factor for thyroid cancer.

METHODS

Data collection

This retrospective cohort study used data from the Korean
National Health Insurance Service (NHIS) database. South
Korea operates a single, universal insurance system that
covers almost the entire population. All NHIS enrollees are
advised to undergo medical checkups at least once every
2 years. The NHIS database includes a qualification data-
base (containing data on sex, age, income, and area of resi-
dence), a claims database (containing data on consultations,
diagnosis according to the International Classification of
Diseases 10th revision [ICD-10] codes, and prescriptions), a
health checkup database (containing data on general health
examination results and responses to questions on lifestyle
and behavior), and death information [10].
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Participants

The participants in this study were individuals who under-
went health examinations as part of the National Health
Screening Program between January 1, 2002, and December
31, 2015. Individuals who underwent at least three health
examinations during the study period were considered for
inclusion. Individuals with thyroid cancer diagnosed before
the index date; with a previous diagnosis of hepatitis, liver
cirrhosis, or liver cancer; with heavy alcohol consumption;
or with missing data were excluded (Fig. 1). The baseline
characteristics for each participant were determined based
on data collected during the most recent health examina-
tion within the study period. This approach was chosen
to ensure that the most up-to-date metabolic and clinical
information was used as the baseline in the analysis. The
participants were followed up from their baseline health ex-
amination until December 31, 2019. In this study, the index
date was defined as the date of the health examination.
Participants were classified into the MASLD group and the
Normal group at the time of the health examination, and
follow-up was conducted accordingly. The follow-up period
lasted five years from the index date, during which the in-
cidence rate (IR) of thyroid cancer was compared between
the two groups.

This study complied with the ethical standards of the Dec-
laration of Helsinki, and the study protocol was approved
by the Eunpyeong St. Mary’s Hospital Institutional Review
Board of Catholic Medical Center, The Catholic University
of Korea (IRB approval No. PC237ISI0117). The requirement

Patients underwent health examination
from January 1, 2002 to December 31, 2015
(n = 514, 866)

KJIM™

for written informed consent was waived because the study
was based on a retrospective analysis of previously collect-
ed, anonymized data.

Demographic variables and measurement

Demographic and lifestyle data were collected using a
standardized self-administered questionnaire that included
questions on smoking status (current smoker having con-
sumed at least five packs [or 100 cigarettes] and current-
ly smoking) and alcohol consumption (=30 g per day for
male and >20 g per day for female). Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured
with participants seated after a rest period of at least 5 min-
utes. Body weight, height, and waist circumference were
measured directly during each visit. BMI was calculated as
weight in kilograms divided by the square of the height
in meters (kg/m?). Laboratory tests included serum fasting
glucose, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), y-glutamyl transpeptidase, total cholester-
ol, low-density lipoprotein cholesterol (LDL-C), high-densi-
ty lipoprotein cholesterol (HDL-C), and triglyceride, which
were measured after an overnight fast of at least 8 hours.
T2DM was defined as a fasting glucose level >126 mg/dL
on at least one claim per year recorded under ICD-10 codes
E10-E14 (non-insulin-dependent diabetes mellitus) and the
prescription of antidiabetic medication. Hypertension was
defined as SBP/DBP >140/90 mmHg or at least one claim
per year under ICD-10 codes 110-113 (essential hyperten-
sion) or 115 (secondary hypertension) and the prescription of

Enrolled participants
(n = 457,250)

v

Analyzed participants
(n=121,479)

Normal
(n = 98,444)

MASLD
(n=23,035)

\

57,616 Fewer than three health examinations

19,241 Previous thyroid cancer

160,315  Previous hepatitis, liver cirrhosis or liver cancer
92,284 Heavy drinker

63,931 Missing data

Figure 1. Flowchart of participant selection. MASLD, metabolic dysfunction-associated steatotic liver disease.
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antihypertensive agents. Dyslipidemia was defined as a total
cholesterol level >240 mg/dL or at least one claim per year
under ICD-10 code E78 (disorders of lipoprotein metabolism
and other lipidemias) and the prescription of lipid-lowering
drugs.

Definition of MASLD

Histological staging and grading via liver biopsy remain the
gold standard for diagnosing fatty liver disease. However,
due to the invasive nature of this procedure and its poten-
tial complications, imaging modalities such as liver ultraso-
nography and computed tomography are more commonly
used in clinical settings. In this study, MASLD was diagnosed
based on laboratory tests and anthropometric measure-
ments using the Hepatic Steatosis Index (HSI). HSI has been
validated as a diagnostic tool for fatty liver disease in a study
of the Korean population and was calculated using the fol-
lowing formula [11,12]:

HSI =8 x (ALT : AST ratio) + BMI (+2 for female; +2 for
diabetes mellitus)

In this study, MASLD was defined as an HSI value > 36.

Definition of the study outcome and follow-up
duration

The primary endpoint was newly diagnosed thyroid cancer
during the follow-up period. The NHIS database does not
provide information on histology. Participants with thyroid
cancer were defined as those who had two or more ICD 10
codes of C73 (malignant neoplasm of thyroid gland) record-
ed during the study period (from 2002 to 2015) and who
underwent thyroid surgery within 2 years of receiving the
first C73 diagnosis.

Statistical analysis

Continuous variables were reported as the mean + stan-
dard deviation, and categorical variables were reported as
the count and percentage. The significance of differences
in continuous variables between groups was assessed us-
ing the independent samples t-test, and the significance of
differences in categorical variables between groups was as-
sessed using the chi-square test. The age- and sex-stratified
annual trend in the incidence of thyroid cancer was ana-
lyzed using the chi-square test for trend. The IR of thyroid
cancer was calculated as the number of events divided by
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the total follow-up duration (per 1,000 person-years). The
risk of thyroid cancer in participants with MASLD compared
with those without MASLD was assessed using Cox regres-
sion to estimate hazard ratios (HRs) and their correspond-
ing 95% confidence intervals (Cls), taking fatty liver severity
into consideration. The statistical significance of differences
in incidence between groups was assessed using the log-
rank test. Model 1 provided unadjusted estimates of the HR
for thyroid cancer. Model 2 was adjusted for age and sex.
Statistical analyses were performed using SAS Version 9.4
(SAS Institute Inc., Cary, NC, USA). p values < 0.05 were
considered statistically significant.

RESULTS

A total of 514,866 individuals who underwent health ex-
aminations in the National Health Screening Program from
January 1, 2002, to December 31, 2015, were considered
for inclusion in the analysis, of whom 57,616 were exclud-
ed because they received fewer than three health checkups
during the study period; 19,241 were excluded because
they had a previous diagnosis of thyroid cancer; 160,315
were excluded because they had a previous diagnosis of
hepatitis, cirrhosis, or liver cancer; 92,284 were excluded
because of heavy alcohol consumption; and 63,931 were
excluded because of missing data. After these exclusions, a
total of 121,479 participants were included in the analysis
(Fig. 1).

Baseline characteristics

Of the 121,479 participants, 23,035 (19.0%) were cate-
gorized as having MASLD based on the HSI (Table 1). The
mean HSI'was 31.1 £ 2.8 in the normal group and 39.1 +
3.4 in the MASLD group (p < 0.001). The mean age of all
participants was 56.9 + 7.8 years. The proportion of male
was significantly higher in the MASLD group than in the
normal group (25.6% vs. 10.9%, p < 0.001). Compared
with the normal group, the MASLD group had significantly
higher mean waist circumference (86.0 = 7.3 cm vs. 76.3
+ 7.0 cm, p < 0.001), mean fasting glucose level (110 + 35
mg/dL vs. 98 £ 25 mg/dL, p < 0.001), mean total cholesterol
level (211 + 40 mg/dL vs. 205 = 37 mg/dL, p < 0.001), mean
triglyceride level (156 + 98 mg/dL vs. 117 £ 75 mg/dL, p <
0.001), and mean LDL-C level (128 £ 39 mg/dL vs. 124 + 36
mg/dL, p < 0.001), and significantly lower mean HDL-C level
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Characteristic Total Normal MASLD p value
Number (%) 121,479 (100.0) 98,444 (81.0) 23,035 (19.0)

HSI 326+43 311+£2.8 391 +34 < 0.001
Age (yr) 56.9+78 57078 56.4+69 < 0.001
Sex, male 16,656 (13.7) 10,759 (10.9) 5,987 (26.0) <0.001
BMI (kg/m?) 235+238 227 £22 269+26 <0.001
Waist circumference (cm) 781 +8.0 763+ 7.0 86.0 + 7.3 < 0.001
SBP (mmHg) 120 £ 15 119+ 14 125+ 14 < 0.001
DBP (mmHg) 75+ 10 75+ 10 74 +9 < 0.001
Fasting glucose (mg/dL) 100 + 28 98 + 25 110 £ 35 < 0.001
Total cholesterol (mg/dL) 206 + 38 205 + 37 211 +£40 < 0.001
Triglyceride (mg/dL) 125 + 81 17 +75 156 + 98 < 0.001
HDL-C (mg/dL) 58 + 27 59 + 28 54 £ 25 <0.001
LDL-C (mg/dL) 125 £ 37 124 £ 36 128 + 39 <0.001
AST (IU/L) 25+ 14 24 + 13 28 £ 17 <0.001
ALT (JU/L) 22 £18 1912 36 28 <0.001
yGTP (IU/L) 27 £ 37 24 + 34 40 + 46 < 0.001
Hypertension 49,319 (40.6) 36,719 (37.3) 12,600 (54.7) < 0.001
T2DM 28,356 (23.3) 19,613 (19.9) 8,743 (38.0) < 0.001
Dyslipidemia 25,843 (21.3) 19,805 (20.1) 6,038 (26.2) < 0.001
Current smoking 7,101 (5.8) 4,931 (5.0) 2,170 (9.4) < 0.001
Non-alcoholic 96,379 (79.3) 79,051 (80.3) 17,328 (75.2) <0.001
Low income (lower 25%) 38,141 (31.5) 31,140 (31.8) 7,001 (30.5) < 0.001

Values are presented as number (%) or mean = standard deviation.

MASLD, metabolic dysfunction-associated steatotic liver disease; HSI, Hepatic Steatosis Index; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; yGTP, y-glutamyl transpeptidase; T2DM, type 2

diabetes mellitus.

(54 £ 25 mg/dL vs. 59 + 28 mg/dL, p < 0.001).

Compared with the normal group, the MASLD group had
a significantly higher prevalence of hypertension (54.7% vs.
37.3%, p < 0.001), T2DM (38.0% vs. 19.9%, p < 0.001),
dyslipidemia (26.2% vs. 20.1%, p < 0.001), current smok-
ing (9.4% vs. 5.0%, p < 0.001), and alcohol consumption
(24.8%% vs. 19.7%, p < 0.001), and a significantly low-
er prevalence of low-income status (30.5% vs. 31.8%, p <
0.001).

Risk of thyroid cancer according to MASLD
status

The risk of thyroid cancer according to MASLD status is
shown in Table 2. The IR of thyroid cancer was higher in the
MASLD group than in the normal group (IR, 3.92 per 1,000
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person-years vs. 3.70 per 1,000 person-years). In the unad-
justed model (Model 1), the risk of thyroid cancer was high-
er in the MASLD group than in the normal group (HR 1.06,
95% Cl 0.98-1.14); however, this increased risk was not
statistically significant (p = 0.13). In Model 2, which adjusted
for age and sex, the risk of thyroid cancer was significantly
higher in the MASLD group than in the normal group (HR
1.19, 95% CI 1.11-1.29, p < 0.001).

Risk of thyroid cancer in MASLD according to
age and BMI

In an analysis of the risk of thyroid cancer stratified by age
group (Table 3), among participants aged 65 years or older,
the risk of thyroid cancer was higher in the MASLD group
than in the normal group (HR 1.31, 95% CI 1.00-1.72, p
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Table 2. The risk of thyroid cancer in MASLD

Unadjusted HR Adjusted HR

o a)
Number Events Person-year IR model (95% Cl) p value model (95% Cl) p value
Normal 98,444 3,357 907,546 3.70 1.00 (reference) 1.00 (reference)
MASLD 23,035 833 212,285 3.92 1.06 (0.98-1.14) 0.13 119 (1.11-1.29) < 0.001

Adjusted HR model (95% Cl) was adjusted for age and sex.

MASLD, metabolic dysfunction-associated steatotic liver disease; IR, incidence rate; HR, hazard ratio; Cl, confidence interval.
Aper 1,000 person-years, the reference hazard ratio 1.0 as normal group.

Table 3. The risk of thyroid cancer in MASLD according to age and BMI

Number Events HR (95% Cl) p value : p for.
interaction
Age (yr) <0.05
<65 Normal group 80,199 3,055 1.00 (reference)
MASLD group 16,660 793 0.97 (0.89-1.04) 0.37
>65 Normal group 21,576 276 1.00 (reference)
MASLD group 3,044 66 1.31(1.00-1.72) 0.05
BMI 0.57
Underweight Normal group 3,116 73 1.00 (reference)
MASLD group 3 0 NA NA
Normal BMI Normal group 45,928 1,564 1.00 (reference) 0.95
MASLD group 972 33 0.99 (0.70-1.40)
Overweight Normal group 29,923 1,035 1.00 (reference) 0.09
MASLD group 3,613 105 0.84 (0.69-1.03)
Obesity Normal group 17,892 659 1.00 (reference) 0.68
MASLD group 20,032 721 0.98 (0.88-1.09)

The reference hazard ratio 1.0 as HSI < 36.

MASLD, metabolic dysfunction-associated steatotic liver disease; BMI, body mass index; HR, hazard ratio; Cl, confidence interval;

NA, not applicable.

= 0.05). In contrast, in participants younger than 65 years,
the risk of thyroid cancer was not associated with MASLD
(HR 0.97, 95% (1 0.89-1.04, p = 0.37). The interaction be-
tween MASLD and age in modifying the risk of thyroid can-
cer was statistically significant (p for interaction < 0.05). In a
subgroup analysis of the risk of thyroid cancer according to
MASLD status stratified by BMI, MASLD was not associated
with an increased risk of thyroid cancer in the normal BMI
(HR 0.99, 95% Cl, 0.70-1.40, p = 0.95), overweight (HR
0.84, 95% Cl, 0.69-1.03, p = 0.09), or obese (HR 0.98,
95% C10.88-1.09, p = 0.68) subgroups.
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DISCUSSION

MASLD has been shown to be associated with an increased
risk of various cancers. However, the association between
MASLD and thyroid cancer has received limited attention.
This study demonstrated that the IR of thyroid cancer was
higher in participants with MASLD than in those without
MASLD. Although the association was not statistically
significant in the unadjusted analysis, the risk of thyroid
cancer was 19% higher in the MASLD group than in the
non-MASLD group after adjusting for age and sex. In the
age-stratified analysis, MASLD was associated with a signifi-
cantly increased risk of thyroid cancer in individuals aged 65
years or older, but was not associated with an increased risk
of thyroid cancer in individuals aged younger than 65 years,
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suggesting that the effect of MASLD on thyroid cancer risk
may be age-dependent. Aging is associated with progres-
sive metabolic dysfunction, chronic low-grade inflamma-
tion, and oxidative stress, all of which have been implicated
in cancer development [13]. The significant interaction be-
tween MASLD and age supports the hypothesis that pro-
longed exposure to metabolic disturbances may increase
susceptibility to thyroid carcinogenesis in older individuals.

In a recent study, the IRs for all cancers combined and
thyroid cancer were significantly higher in the MASLD group
than in the non-MASLD group [14]. A cohort study conduct-
ed in China, in which NAFLD was diagnosed using abdomi-
nal ultrasonography, found that NAFLD was associated with
an increased risk of thyroid cancer [15]. In these previous
studies, the HRs for thyroid cancer in relation to MASLD/NA-
FLD were higher than that found in this study. This may be
attributable to several factors, including differences in the
study population, methods of diagnosing MASLD/NAFLD,
and the duration of follow-up. The results of a nationwide
cohort study in South Korea by Moon et al. [16], published
in 2025, provide further evidence supporting an association
between MASLD and thyroid cancer. Similar to our study,
the authors observed a significant increase in thyroid cancer
risk among individuals with MASLD. However, the two stud-
ies have some key methodological differences. Our study in-
cluded only individuals who underwent at least three health
examinations during the study period, whereas the study by
Moon et al. [16] included all individuals aged 40 years and
older who underwent a single examination. Unlike the study
by Moon et al. [16], our study captured long-term metabol-
ic health trends, thereby reducing potential biases related
to transient metabolic changes. Second, Moon et al. [16]
examined both MASLD and metabolic and alcohol-related
liver disease in relation to thyroid cancer, whereas our study
focused on the differential impact of MASLD on the risk of
thyroid cancer in different age groups and excluded individ-
uals with alcohol-related liver disease. Our study found that
MASLD was associated with thyroid cancer only in individu-
als aged 65 years or older. The study by Moon et al. [16] did
not report age-stratified results.

The method used to define MASLD in this study differed
from those used in some previous studies [14,15]. In clin-
ical practice, noninvasive indices such as the HSI and the
Fatty Liver Index (FLI) are widely used as simple and rapid-
ly assessed measures of MASLD [11,16-18]. In this study,
MASLD was diagnosed based on the HSI. The HSI was origi-
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nally developed in a Korean population and has shown high
accuracy in diagnosing MASLD in East Asian populations
[11]. The HSIis more accurate than the FLI at detecting fatty
liver disease [19]. Although ultrasonography and liver biop-
sy are valuable diagnostic tools, the HSI used in this study
offers several advantages, particularly in large epidemiolog-
ical studies, because it is less resource-intensive and more
accessible.

This study revealed that the association between MASLD
and thyroid cancer risk differs by age. Specifically, among
participants aged 65 years or older, MASLD was associated
with a 31% increased risk of thyroid cancer, with border-
line statistical significance. In contrast, no association was
observed between MASLD and the risk of thyroid cancer in
participants younger than 65 years. This finding suggests
that older adults with MASLD, but not younger adults with
MASLD, have a higher risk of thyroid cancer, potentially due
to the cumulative effects of chronic metabolic dysfunction
over time, which may exacerbate inflammation and other
carcinogenic processes. Aging is associated with cellular se-
nescence [20]. Cellular senescence is exacerbated by various
factors, including DNA damage, alterations in gene expres-
sion, oxidative stress, and mitochondrial dysfunction [21].
These factors collectively contribute to the deterioration of
cellular and tissue function, which can increase the likeli-
hood of developing cancer as individuals age. In younger
participants, the absence of an association between MASLD
and thyroid cancer may reflect a greater capacity for cellular
repair and a more robust response to metabolic challenges
[22,23]. A nationwide cohort study of adults aged 20 to
39 years in South Korea, in which MASLD was measured
using the FLI [24], found that MASLD was associated with
an increased risk of thyroid cancer in young adults, with a
higher risk in participants with higher FLI scores and cumu-
lative FLI points. However, the study focused on a restrict-
ed age group and had an insufficient follow-up period to
capture the long-term cancer risk associated with MASLD,
particularly in younger individuals who may develop cancer
later in life.

Obesity exacerbates metabolic disturbances such as insu-
lin resistance, hyperinsulinemia, and chronic low-grade in-
flammation, all of which are linked to both MASLD and an
increased risk of various cancers, including thyroid cancer
[25-27]. Recent studies have demonstrated that obesity is
associated with a significantly increased risk of thyroid can-
cer [28-30]. A five-point increase in BMI has been shown
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to be associated with a 30% increase in the risk of thyroid
cancer [30]. In this study, the association between MASLD
and thyroid cancer varied across BMI categories. While
MASLD was linked to an increased risk of thyroid cancer in
the overall analysis, the BMI-stratified analysis showed HR
values below 1 in all BMI subgroups. However, the smaller
sample sizes in these subgroups may have increased variabil-
ity and reduced statistical power, making HR values below 1
a natural statistical phenomenon.. Since the overall analysis
(Table 2) confirmed that MASLD significantly increases the
risk of thyroid cancer, we believe this does not have a ma-
jor impact on the study’s main conclusions. This paradoxical
finding may result from BMI being both a key component
of MASLD and an independent risk factor for thyroid can-
cer. Stratification by BMI may have led to over-adjustment,
weakening the observed association. Additionally, residual
confounding cannot be ruled out, as BMI alone does not
fully account for the metabolic complexities of MASLD. Fu-
ture studies should use MASLD definitions that exclude BMI
to better assess its independent impact on thyroid cancer
risk [31].

This study has several strengths. The large cohort size of
over 120,000 participants provided high statistical pow-
er and enabled detailed subgroup analyses. The long fol-
low-up period of up to 20 years enabled the long-term risk
of thyroid cancer associated with MASLD to be assessed.
The use of the HSI, a noninvasive index, to diagnose MASLD
made it feasible to conduct a large epidemiological study.

However, this study also has some limitations. The pri-
mary limitation is the potential misclassification of MASLD
due to reliance on a noninvasive index. MASLD severity was
assessed only through a binary classification (HSI > 36), as
the NHIS database lacks liver biopsy results, imaging-based
steatosis quantification, and detailed biochemical markers,
preventing a more precise evaluation. Second, BMI is an in-
tegral part of HSI, which may have influenced the observed
association between MASLD and thyroid cancer. This over-
lap could attenuate the independent effect of MASLD. Al-
though subgroup analyses were stratified by BMI, residual
confounding cannot be ruled out. Ideally, adjusting for BMI
as a separate covariate would clarify the independent as-
sociation. However, this was not feasible due to the high
correlation between BMI and HSI, which could introduce
multicollinearity. Future studies should use MASLD defi-
nitions that exclude BMI to better assess its independent
contribution to thyroid cancer risk. Another limitation is the
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possibility of residual confounding. The NHIS database lacks
information on key metabolic and lifestyle factors, such as
diet, genetic predisposition, family history of cancer, and
other lifestyle behaviors. These missing variables could not
be accounted for in our analysis. Lastly, as this study was
conducted in a single country, the findings may not be gen-
eralizable to other populations with different metabolic and
demographic profiles.

In conclusion, the results of this study support the hypoth-
esis that MASLD increases the risk of thyroid cancer, with
age acting as an effect modifier. These findings suggest
that screening and prevention measures should target older
adults with MASLD to mitigate the risk of thyroid cancer.
Further research should explore the underlying mechanisms
linking MASLD and thyroid cancer, particularly in older
adults, to enable prevention measures to be enhanced and
refined.

KEY MESSAGE

1. This retrospective cohort study investigated the risk
of thyroid cancer associated with MASLD using a
nationally representative sample of 121,479 adults
from the Korean National Health Insurance data-
base.

2. MASLD was defined using the HSI, which has
been validated in the Korean population. In the
age- and sex-adjusted analysis, MASLD was found
to be associated with a significantly increased risk
of thyroid cancer.

3. In the age-stratified analysis, MASLD was found
to be associated with an increased risk of thyroid
cancer in adults aged 65 years or older, but was
not associated with thyroid cancer in adults aged
younger than 65 years.
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