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Background/Aims: This study aimed to evaluate the impact of steatotic liver disease severity on the cumulative incidence 
of lung cancer utilizing data from the Korea National Health Insurance Service (NHIS).
Methods: This study examined the risk of lung cancer in the general population in conjunction with the incidence of ste-
atotic liver disease. The study population consisted of 3,261,438 individuals aged 20 years or older who underwent a general 
health examination in 2009. 
Results: Individuals with fatty liver index (FLI) of 30–59 exhibited a 1.08-fold increased risk of lung cancer (95% CI: 1.04–1.11), 
while FLI ≥ 60 was associated with a 1.22-fold elevated risk of lung cancer (95% CI: 1.17–1.28) compared to those with FLI 
< 30. The risk varied with smoking status; in current smokers, the adjusted HR for the FLI 30–59 group was 1.05 (95% CI: 
1.00–1.10), while that in the FLI ≥ 60 group was 1.11 (95% CI: 1.04–1.18). In never- or past-smokers, the adjusted HR for the 
FLI 30–59 group was 1.10, and that for the FLI ≥ 60 group was 1.31. Subgroup analysis revealed an incidence rate of 1.06 
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INTRODUCTION

Steatotic liver disease viewed as a hepatic manifestation of 
metabolic dysfunction, has been reported to have an asso-
ciation with hepatocellular carcinoma (HCC). Steatotic liver 
disease prevalence, which is expected to increase, is approx-
imately 30% in Korea and 30–50% in Western countries 
[1]; clinical interest in diseases associated with steatotic liver 
disease is increasing. The carcinogenetic correlation with 
steatotic liver disease does not apply only to primary liver 
cancer. Excessive adipose tissue promotes the production of 
proinflammatory cytokines and suppresses cell death, cre-
ating an environment favorable to tumor development [2]. 
A meta-analysis of observational cohort studies showed an 
increased risk of extrahepatic cancers, e. g., lung, breast, 
gynecological, and urinary system cancers, in individuals 
with steatotic liver disease, suggesting that the carcinogenic 
correlation extends beyond HCC and includes extrahepatic 
solid cancers [3,4]. A study utilizing the Swedish National 
Patient Registry revealed that both the incidence of HCC 
and the risk for certain non-HCC solid cancer subtypes were 
significantly higher in the steatotic liver disease group com-
pared to controls. However, the number of patients includ-
ed in the extrahepatic subtype groups was small [5].

Lung cancer, the leading cause of cancer-related deaths 
worldwide, is primarily associated with environmental and 
lifestyle factors [6]. The most significant risk factors for its 
development include tobacco use, exposure to secondhand 
smoke, air pollution, and occupational or household expo-
sure to carcinogenic materials [7-10]. Despite the established 
links to these risk factors, the role of metabolic conditions, 
such as metabolic syndrome and fatty liver disease, in lung 
cancer development is an emerging area of interest. Recent 
studies suggest a potential association between metabol-
ic dysfunctions and lung cancer risk [11,12]. Although the 
impact may not be as pronounced as that of smoking or air 
pollution, understanding this relationship is crucial because 

fatty liver disease represents a modifiable risk factor that 
could be targeted through lifestyle changes.

Therefore, while the primary causes of lung cancer have 
been identified, the implications of metabolic syndrome and 
fatty liver disease on lung cancer development is a signif-
icant task. To this end, we conducted a study comparing 
the cumulative incidence of lung cancer in cases of steatotic 
liver disease with that in the general population using data 
from the Korea National Health Insurance Service (NHIS). 
We also examined the pertinent risk factors of steatotic liver 
disease on lung cancer occurrence.

METHODS

Study design and population
This study examined the risk of lung cancer in steatotic liv-
er disease cases in the general population. A cohort was 
established using nationwide claims data from the Korea 
NHIS [13]. Korea’s universal health coverage system has 
provided healthcare coverage to the entire population since 
1989. The claims data include a comprehensive overview of 
healthcare history, including demographic data; socioeco-
nomic status determined by monthly household income; 
diagnoses following the International Classification of Dis-
eases, 10th Revision (ICD-10) guidelines; and detailed treat-
ment and prescription data. Additionally, the NHIS has been 
offering general health screenings once every two years 
to all Koreans aged 20 years or older. Participant rates in 
this examination program have ranged from 56.1–67.7% 
during the recent decade [14]. The general health exam-
ination comprises body measurements, blood pressure as-
sessment, blood tests, and a collection of questionnaires to 
acquire behavior information.

The study population consisted of adult individuals aged 
20 years or older who underwent a general health exam-
ination in 2009 (n = 4,234,412). Heavy alcohol consumers 

per 1,000 person-years in the consistently high FLI group compared to 1.15 in those with improved FLI. Improving FLI over 
time was associated with a 0.93-fold decrease in lung cancer risk.
Conclusions: Our study demonstrated a correlational relationship between lung cancer incidence and the severity of ste-
atotic liver disease as measured by FLI.
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(n = 354,376), those who had viral hepatitis infection (n = 
4,045,888) or liver cirrhosis (n=14,835), those who had a 
history of any malignancies (n = 50,128), those had insuf-
ficient medical records (n = 140,677), and those diagnosed 
with lung cancer within the first year of enrollment (n = 
8,370) were excluded from the analysis. After exclusions, 
our study included 3,261,438 individuals. Participants were 
followed from the index date until death, emigration, or the 
conclusion of the study in December 2020.

Our study was approved by the Institutional Review Board 
of Soongsil University (IRB No. SSU-202007-HR-236-01) and 
was conducted in compliance with both the Declarations of 
Helsinki and Istanbul. Informed consent was not required as 
only de-identified data were utilized.

Data collection
We gathered data on a number of variables, including age; 
gender; socioeconomic status; comorbidities; body mea-
surements of height, weight, and waist circumference; 
blood tests for γ-glutamyl transpeptidase and triglycerides; 
smoking and alcohol consumption habits; and physical 
activity levels from the NHIS claims data. Comorbidities 
claimed within one year before the enrollment were eval-
uated. Based on this information, we calculated the overall 
comorbidity burden using the Charlson Comorbidity Index 
(CCI).

We employed the fatty liver index (FLI) to identify steatotic 
liver disease. The FLI was calculated using the formula [15]:

e0.953 * loge (triglycerides) + 0.139 * BMI + 0.718 * loge (ggt) + 0.053 * waist 

circumference - 15.745) / (1 + e 0.953 * loge (triglycerides) + 0.139 * BMI + 0.718 

* loge (ggt) + 0.053 * waist circumference - 15.745) * 100.
Among various clinical approaches, the FLI has been val-

idated as a reliable diagnostic tool for detecting fatty liver 
disease with a number of associated etiologies without im-
aging techniques [15-17]. Participants with FLI scores less 
than 30 were classified as low risk for steatotic liver disease; 
those scoring between 30 and 59 were placed in the cate-
gory of indeterminate risk, and individuals with FLI scores of 
60 or higher were considered to be at high risk for steatotic 
liver disease.

Study outcomes
The primary outcome was development of lung cancer 
during the study period. Lung cancer was defined as a claim 
with the ICD-10 code C34 in conjunction with cancer-spe-
cific rare and incurable disease (RID) codes, specifically 

V193. Cancer patients registered under the RID system are 
responsible for 5% of the total medical expenses incurred 
for both outpatient and inpatient care. This necessitates 
stringent documentation of biochemical, histological, and 
clinical evidence so the accuracy of RIDs in Korea is reliable 
at greater than 90% [18]. The secondary aim of the study 
was determination of the change in lung cancer risk in con-
junction with decreases in risk of steatotic liver disease in 
patients initially at an intermediate or high risk of steatotic 
liver disease (FLI ≥ 30).

Statistical analysis
For baseline characteristics, categorical variables are present-
ed as numbers and percentages, and continuous variables 
are presented as means ± standard deviations. Continuous 
variables were analyzed using the ANOVA test, and cate-
gorical variables were assessed using the chi-square test. 
We calculated the incidence rate of lung cancer per 1,000 
person-years (PYs). Utilizing the Kaplan–Meier method, cu-
mulative incidence curves for the risk of lung cancer were 
generated based on the FLI. Covariates adjusted in the mod-
el were age; sex; socioeconomic status; presence of diabe-
tes, hypertension, or dyslipidemia; body mass index; smok-
ing status; alcohol consumption; and weekly exercise level. 
Subgroup analysis based on smoking status was conducted 
to evaluate the impact of steatotic liver disease on the risk 
of lung cancer according to smoking status. Additionally, 
we investigated the change in lung cancer risk in individuals 
who underwent physical examinations in two consecutive 
years and experienced a decrease in steatotic liver disease 
from an intermediate or high risk (FLI ≥ 30) status. p values 
< 0.05 were deemed to indicate statistical significance. All 
statistical operations were conducted using SAS Enterprise 
Guide Software Version 9.4 (SAS Institute, Inc., Cary, NC, 
USA).

RESULTS

Baseline characteristics of the entire cohort
The baseline characteristics of the study population are 
shown in Table 1. The mean follow-up duration was 10.1 ± 
1.2 years. Of the 3,261,438 participants, 2,150,983 (66.0%) 
were classified low risk of steatotic liver disease with an FLI 
< 30; 737,515 (22.6%) were in the intermediate risk group 
with an FLI of 30–59; and 372,940 (11.4%) were catego-
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Table 1. Baseline characteristics of individuals according to the FLI

Variable
Total 

(n = 3,261,438)

FLI 
p value

< 30 
(n = 2,150,983)

30–60 
(n = 737,515)

≥ 60 
(n = 372,940)

Follow-up duration (yr) 10.1 ± 1.2 10.2 ± 1.2 10.1 ± 1.3 10.1 ± 1.3

Age (yr) 46.8 ± 14.1 45.6 ± 14.4 50.1 ± 13.5 47.4 ± 12.8 < 0.001

20–39 1,054,704 (32.3) 759,579 (35.3) 180,313 (24.5) 114,812 (30.8)

40–64 1,788,068 (54.8) 1,137,980 (52.9) 434,618 (58.9) 215,470 (57.8)

≥ 65 418,666 (12.8) 253,424 (11.8) 122,584 (16.6) 42,658 (11.4)

Male, sex 1,704,307 (52.3) 887,683 (41.3) 512,839 (69.5) 303,785 (81.5) < 0.001

Socioeconomic status < 0.001

Household income < 25% and medicare 714,481 (21.9) 499,855 (23.2) 143,869 (19.5) 70,757 (19.0)

Household income 25–50% 735,696 (22.6) 513,074 (23.9) 146,219 (19.8) 76,403 (20.5)

Household income 50–75% 863,072 (26.5) 551,264 (25.6) 202,947 (27.5) 108,861 (29.2)

Household income ≥ 75% 948,189 (29.1) 586,790 (27.3) 244,480 (33.2) 116,919 (31.4)

Comorbidities

Diabetes 260,443 (8.0) 103,945 (4.8) 89,528 (12.1) 66,970 (18.0) < 0.001

Hypertension 790,721 (24.2) 371,433 (17.3) 257,613 (34.9) 161,675 (43.4) < 0.001

Dyslipidemia 560,581 (17.2) 255,861 (11.9) 181,802 (24.7) 122,918 (33.0) < 0.001

CCI score 0.8 ± 1.2 0.7 ± 1.2 0.9 ± 1.4 0.9 ± 1.4 < 0.001

0 1,958,875 (60.1) 1,335,914 (62.1) 411,636 (55.8) 211,325 (56.7)

1 682,952 (20.9) 444,362 (20.7) 159,976 (21.7) 78,614 (21.1)

2 328,651 (10.1) 207,506 (9.7) 81,125 (11.0) 40,020 (10.7)

≥ 3 290,960 (8.9) 163,201 (7.6) 84,778 (11.5) 42,981 (11.5)

Body mass index (kg/m2) 23.6 ± 3.2 22.2 ± 2.4 25.5 ± 2.2 28.0 ± 3.1 < 0.001

< 18.5 125,951 (3.9) 125,073 (5.8) 735 (0.1) 143 (0.0)

18.5–22.9 1,303,472 (40.0) 1,210,638 (56.3) 82,535 (11.2) 10,299 (2.8)

23.0–24.9 800,562 (24.6) 540,094 (25.1) 219,609 (29.8) 40,859 (11)

≥ 25 1,031,453 (31.6) 275,178 (12.8) 434,636 (58.9) 321,639 (86.2)

Smoking < 0.001

Never 2,040,085 (62.6) 1,520,572 (70.7) 373,486 (50.6) 146,027 (39.2)

Past 434,064 (13.3) 221,788 (10.3) 138,079 (18.7) 74,197 (19.9)

Current 787,289 (24.1) 408,623 (19.0) 225,950 (30.6) 152,716 (41)

Alcohol consumption < 0.001

Non-drinker 1,802,203 (55.3) 1,290,835 (60.0) 366,670 (49.7) 144,698 (38.8)

Mild drinkera) 1,459,235 (44.7) 860,148 (40.0) 370,845 (50.3) 228,242 (61.2)

Weekly exercise of one or more times 577,550 (17.7) 375,757 (17.5) 138,236 (18.7) 63,557 (17.0) < 0.001

Values are presented as mean ± standard deviation or number (%).
FLI, fatty liver index, CCI, Charlson Comorbidity Index.
a)Mild drinker refers to an individual who consumes an average daily alcohol intake of 30 g for males and 20 g for females.
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rized as high risk with an FLI ≥ 60. Individuals with FLI < 30, 
at low risk of steatotic liver disease, tended to be younger 
and were predominantly female. Additionally, this group 
exhibited fewer metabolic dysfunction-related comorbidities 
such as hypertension, diabetes mellitus, and dyslipidemia 
and had the lowest CCI score of 0.7 ± 1.2 vs. 0.9 ± 1.4 vs. 
0.9 ± 1.4; p < 0.001 in the low-, intermediate-, and high-
risk groups, respectively. The low-risk group had the highest 
proportion of individuals classified as underweight or within 
the normal weight range. Moreover, the prevalence of nev-
er-smokers (70.7% vs. 50.6% vs. 39.2%; p < 0.001) and 
non-drinkers (60.0% vs. 49.7% vs. 38.8%; p < 0.001) was 
also highest among the FLI < 30 group.

Lung cancer incidence and FLI
Throughout the observation period, 28,209 patients were 
diagnosed with lung cancer. Among these subjects, there 
were 16,415 cases of lung cancer in individuals with FLI < 
30; the annual incidence was 0.75 per 1,000 PYs. There 
were 8,043 cases of lung cancer in the intermediate-risk, FLI 
30–59 group, with an annual incidence of 1.08 per 1,000 
PYs. Additionally, there were 3,751 cases in the high-risk, 
FLI ≥ 60 group, with an annual incidence of 1.00 per 1,000 
PYs. The cumulative incidence rates of lung cancer for FLI < 
30, FLI 30–59, and FLI ≥ 60 rates at one year were 0.05%, 
0.07%, and 0.06%, respectively. These rates at five years 
were 0.30%, 0.42%, and 0.38%, respectively; and those 
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Figure 1. Event frequencies and Kaplan–Meier estimates for lung 
cancer according to metabolic disease-associated fatty liver dis-
ease risk. FLI, fatty liver index. Ta
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at 10 years were 0.74%, 1.06%, and 0.99% (p < 0.001). 
These data are illustrated in Figure 1. Individuals with FLI 
< 30 demonstrated a significantly lower risk of lung can-
cer compared to the other groups; the crude hazard ratios 
(HRs) were 1.44 (95% confidence interval [CI]: 1.40–1.48) 
in the FLI 30–59 group and 1.33 in the FLI ≥ 60 group (95% 
CI: 1.28–1.38) before adjustment. Following adjustment 
for multiple variables, individuals with FLI 30–59 exhibited a 
1.08-fold increased risk of lung cancer (95% CI: 1.04–1.11), 
and subjects with FLI ≥ 60 had a 1.22-fold elevated risk of 
lung cancer (95% CI: 1.17–1.28) compared to those with 
FLI < 30 (Table 2).

Lung cancer incidence rates by steatotic liver 
disease across age groups
Lung cancer incidence rates increased with increasing age. 
The incidence rates for lung cancer across age groups were 
0.08 for ages 20–39 years, 0.32 per 1,000 PYs for ages 
40–49 years, 0.98 per 1,000 PYs for ages 50–59 years, 2.32 
per 1,000 PYs for ages 60–69 years, 3.52 per 1,000 PYs for 
ages 70–79 years, and 3.88 per 1,000 PYs for ages 80 years 
and above. In each age group, the incidence rate of lung 
cancer increased in conjunction with FLI increases except for 
those aged 80 years or above (Fig. 2). The adjusted HRs for 
lung cancer among individuals aged 50–59 were 1.02 (95% 
CI: 0.96–1.08) for FLI 30–59 and 1.18 (95% CI: 1.10–1.27) 
for FLI ≥ 60. Similarly, in the 60–69 age group, the adjust-
ed HRs were 1.12 (95% CI: 1.07–1.17) and 1.37 (95% CI: 
1.29–1.47), respectively. For those aged 70–79, the adjust-
ed HRs were 1.19 (95% CI: 1.13–1.26) and 1.40 (95% CI: 
1.29–1.53), respectively; and in individuals aged 80 years or 
older, the adjusted HRs were 1.21 (95% CI: 1.04–1.41) and 
1.13 (95% CI: 0.85–1.51; Supplementary Table 1).

Subgroup analysis: lung cancer risk by 
steatotic liver disease in smoking subgroups
We further stratified the study population into current 
smokers (n = 787,289), past smokers (n = 434,064), and 
never-smokers (n = 2,040,085). Regardless of smoking sta-
tus, as FLI increased, the risk of lung cancer also increased. 
In current smokers, the adjusted HR for the FLI 30–59 group 

Table 3. Incidence rates and HRs of lung cancer according to the smoking status and fatty liver index

Smoking Fatty liver index
Number of  
individuals

Number of 
events

Duration  
(person-years)

Incidence ratea) Adjusted HRb)  
(95% CI)

p value

Current < 30 408,623 5,287 4,124,552.3 1.28 1 (ref.) < 0.001

30–59 225,950 2,961 2,281,374.9 1.30 1.05 (1.00–1.10)

≥ 60 152,716 1,585 1,543,349.8 1.03 1.11 (1.04–1.18)

Past < 30 221,788 2,402 2,235,925.0 1.07 1 (ref.) < 0.001

30–59 138,079 1,737 1,392,782.1 1.25 1.18 (1.11–1.25)

≥ 60 74,197 902 748,024.0 1.21 1.46 (1.34–1.58)

Never < 30 1,520,572 8,726 15,494,426.9 0.56 1 (ref.) < 0.001

30–59 373,486 3,345 3,771,503.1 0.89 1.06 (1.02–1.11)

≥ 60 146,027 1,264 1,468,600.3 0.86 1.24 (1.16–1.32)

HR, hazard ratio; CI, confidence interval.
a)Per 1,000 person-years.
b)Adjusted for age, sex, socioeconomic status, diabetes, hypertension, dyslipidemia, body mass index, smoking, alcohol, and week-
ly exercise for one or more times.
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Figure 2. Incidence rate of lung cancer rates by metabolic-as-
sociated fatty liver disease risk across age groups. FLI, fatty liver 
index.
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was 1.05 (95% CI: 1.00–1.10), while that of the FLI ≥ 60 
group was 1.11 (95% CI: 1.04–1.18). Similarly, in past 
smokers, the adjusted HR for the FLI 30–59 group was 1.18 
(95% CI: 1.11–1.25), while that of the FLI ≥ 60 group was 
1.46 (95% CI: 1.34–1.58). 

For the never-smoker group, the adjusted HR for lung 
cancer increased in those with FLI 30–59 (1.06, 95% CI: 
1.02–1.11) and those with FLI ≥ 60 (1.24, 95% CI: 1.16–
1.32; Table 3).

Subgroup analysis: change in lung cancer risk 
with steatotic liver disease risk variation
Of the 1,110,455 individuals with an FLI ≥ 30 at enrollment, 
665,801 underwent a general health examination two years 
later. We compared individuals with consistently intermedi-
ate or high FLI (n = 519,598) to those whose FLI improved 
from ≥ 30 to < 30 (n = 146,203). The baseline characteristics 
are summarized in Supplementary Table 2. Individuals who 
experienced an improvement in FLI showed a lower prev-
alence of comorbidities of hypertension, diabetes mellitus, 
and dyslipidemia compared to their counterparts. During 
the observational period of the subgroup analysis, the in-
cidence rate was 1.07 per 1,000 PYs in the consistently FLI 
≥ 30 group and was 1.14 per 1,000 PYs in the improved 
FLI group. Utilizing multivariable Cox regression analysis, the 
risk of lung cancer decreased by 0.93-fold (95% CI: 0.88–
0.99) in the groups with improved FLI (Table 4).

DISCUSSION

Our study showed that steatotic liver disease, manifested 
as high FLI, was associated with increased lung cancer de-
velopment in various subgroups. steatotic liver disease was 
also an independent risk factor of lung cancer regardless of 
smoking status. Moreover, resolution of steatotic liver dis-
ease exhibited a possible protective influence against lung 
cancer among individuals with the condition.

Studies on the association of steatotic liver disease and 
lung cancer are relatively rare. The few studies on an associ-
ation between lung cancer development and metabolic syn-
drome had inconsistent results. A meta-analysis that includ-
ed five cohort studies with a total of 188,970 subjects did 
not find a meaningful association between metabolic syn-
drome and lung cancer (HR 0.95, 95% CI: 0.81–1.10) [19]. 
A large Korean study that used a national insurance data- Ta
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base of subjects showed a significant association between 
metabolic syndrome and lung cancer. Metabolic syndrome 
positively correlated with an increased risk of lung cancer 
in men (HR 1.15, 95% CI: 1.12–1.18) [12]. A recently pub-
lished UK study including 331,877 participants with a me-
dian follow-up duration of 10.9 years showed an increased 
risk of lung cancer with metabolic syndrome (HR 1.21, 95% 
CI: 1.09–1.33); these data support our results [11].

In the present study, individuals in the low-risk steatotic 
liver disease category (FLI < 30) were younger, predomi-
nantly female, and showed lower prevalence of metabolic 
dysfunction-related comorbidities such as hypertension, di-
abetes mellitus, and dyslipidemia. This group also demon-
strated the lowest CCI scores, suggesting a generally health-
ier baseline status compared to intermediate- and high-risk 
groups. These findings are consistent with those of previous 
studies on steatotic liver disease defined by FLI [20,21]. After 
adjusting for multiple variables, the persistence of increased 
risk of lung cancer (1.08-fold for the FLI 30–59 group and 
1.22-fold for the FLI ≥ 60 group) compared to those with 
FLI < 30 supports the hypothesis that the relationship be-
tween FLI and lung cancer risk is not merely coincidental. 
The mechanism underlying the association between met-
abolic disorders and carcinogenesis is complex and has not 
been characterized fully. Possible pathways involve chronic 
inflammation caused by deregulation of cytokine produc-
tion, insulin resistance, and overexpression of estrogen; 
these may be linked to the carcinogenesis process [22]. Lipid 
accumulation in hepatocytes and an associated lipotoxicity 
create a dynamic proinflammatory environment that pro-
motes eventual fibrogenesis and subsequent carcinogenesis 
[23]. As for the potential impact of steatotic liver disease on 
lung cancer risk, we assume that mechanisms differ based 
on effects of liver diseases as the process of liver fibrogene-
sis does not directly lead to the development of lung cancer. 
We believe that the broader systemic inflammation associat-
ed with steatotic liver disease, driven by lipid accumulation, 
may increase the risk of lung cancer through pro-inflamma-
tory pathways that support a tumor-friendly environment 
[24]. To further clarify the potential molecular and patho-
logical connections between lung cancer and steatotic liv-
er disease, extensive epidemiological data on the interplay 
between these two disease entities is needed. Furthermore, 
additional studies are needed to explore not only the isolat-
ed impact of steatotic liver disease on lung cancer risk, but 
also its synergistic effect when combined with known risk 

factors such as tobacco use and air pollution. Lipotoxicity 
associated with steatotic liver disease may act as a catalyst 
for these risk factors.

In current smokers, the adjusted HRs for lung cancer in-
creased modestly but significantly as FLI increased. This is 
consistent with findings on metabolic syndrome and lung 
cancer risk; the risk of lung cancer resulting from metabolic 
syndrome was elevated mainly among patients who used 
tobacco [11]. Conversely, in the never- or past-smokers 
subgroup, the impact of FLI on lung cancer risk was more 
pronounced. These findings suggest that, in the absence 
of active smoking, metabolic dysfunction plays a more sig-
nificant role in lung cancer risk, potentially acting through 
mechanisms independent of those associated with tobacco 
exposure. Furthermore, this finding supports interventions 
targeting metabolic health regardless of individual smoking 
status.

We separately analyzed data from individuals who initially 
presented with intermediate or high steatotic liver disease 
risk (FLI ≥ 30) and underwent a general health examination 
two years later to evaluate the potential impact of longi-
tudinal change in FLI on lung cancer risk. Notably, those 
who achieved an improvement in their FLI demonstrated a 
lower prevalence of comorbid conditions of hypertension, 
diabetes mellitus, and dyslipidemia and were more likely to 
be never-smokers, non-drinkers, and 65 years or older. In 
the crude analysis, contrary to expectations, the incidence 
rate of lung cancer was slightly higher in the group that im-
proved their FLI compared to those with consistent FLI ≥ 60. 
There is a possibility that this longitudinal analysis did not 
capture the beneficial effect of intentionally lowering the 
FLI index. Future studies need to determine if changes in the 
FLI result from lifestyle modifications [25-27] or from the de-
velopment of new systemic conditions such as chronic kid-
ney diseases or autoimmune diseases that may affect body 
composition or BMI. These conditions ultimately influence 
the FLI [28-31]. Furthermore, considering that the propor-
tion of elderly patients was higher in the group that showed 
improved FLI, an age effect on cancer risk cannot be ignored 
[32]. In the multivariable analysis that included factors such 
as age and exercise frequency, however, the results showed 
that FLI improvement was associated with a 0.93-fold de-
crease in lung cancer. This significant reduction in multivari-
ate analysis suggests a consistent potential beneficial effect 
from improvement in FLI. Interestingly, weight reduction, 
the first-line treatment for steatotic liver disease, tended to 
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lower cancer risks in previous studies. Luo et al. [33] showed 
that postmenopausal women with weight loss significantly 
lowered the risk of endometrial cancer compared to those 
with stable weight (HR 0.71, 95% CI: 0.54–0.95). Also, 
Chlebowski et al. [34] reported that postmenopausal wom-
en who experienced weight loss had a decreased risk of 
breast cancer compared to those who maintained a stable 
weight (HR 0.88, 95% CI: 0.78–0.98). Moreover, rigorous 
lifestyle interventions among overweight or obese individu-
als and those with type 2 diabetes reduced the risk of obe-
sity-related cancer by 0.84 times compared to the diabetes 
support and education group in a randomized clinical trial 
[35]. To accurately determine if lifestyle modifications that 
improve the FLI can reduce cancer risk, a well-designed, pro-
spective, matched comparison study is necessary.

Our study that investigated the link between steatotic liver 
disease and lung cancer risk had some limitations. First, due 
to the innate limitation of claims data, we were not able to 
gather detailed medical information. Therefore, we could 
not assess the lung cancer stage or pathologic types and 
severity of other comorbidities. Also, steatotic liver disease 
and lung cancer share common risk factors such as chronic 
inflammation, insulin resistance, and oxidative stress, which 
may potentially be managed with medication. It highlights 
the need for further research to explore the mechanisms 
underlying the relationship between steatotic liver disease 
and lung cancer. Second, the incidence of lung cancer may 
be underestimated since it did not consider individuals with 
lung cancer who did not seek medical attention. Third, even 
if we defined steatotic liver disease by FLI, the lack of imag-
ing techniques remains a limitation of our study. We defined 
change of hepatic steatosis with 2-year period variation, it 
might have an innate limitation of fully reflect individual 
variations of hepatic steatosis overtime. Last, detailed tobac-
co exposure or concurrent chronic lung disease information 
was not acquired. Despite these limitations, our study has 
strengths in its basis on a national population database with 
sufficient observation time.

In conclusion, our study utilizing nationwide population 
data demonstrated that the presence and severity of ste-
atotic liver disease as assessed by the FLI have an incremen-
tal relationship with lung cancer risk. Future research that 
includes more detailed information on comorbidities and 
lifestyle modifications will further clarify this association.

KEY MESSAGE
1.	 In the analysis included over three million individu-

als who underwent a general health examination, 
higher FLI scores were associated with an increased 
risk of lung cancer, with variations in risk observed 
based on smoking status.

2.	 For the never-smoker group, the risk of lung cancer 
increased with higher FLI scores, with significant 
risk elevation observed in those with FLI 30–59 
and even more so in those with FLI ≥ 60.

3.	 Individuals with consistently high FLI levels had a 
higher incidence of lung cancer compared to those 
who improved their FLI over time.
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Supplementary Table 1. Incidence rates and HRs of lung cancer according to the age group and fatty liver index

Age group (yr)
Fatty liver 

index
Number of 
individuals

Number of 
events

Duration  
(person-years)

Incidence 
ratea)

Adjusted HRb)  
(95% CI)

p value

20–39 < 30 759,579 614 7,832,167.7 0.08 1 (ref.) < 0.001

30–59 180,313 148 1,856,701.2 0.08 0.72 (0.60–0.86)

≥ 60 114,812 107 1,179,232.0 0.09 0.85 (0.69–1.04)

40–49 < 30 575,725 1,890 5,922,553.9 0.32 1 (ref.)

30–59 181,954 621 1,866,481.7 0.33 0.77 (0.70–0.84)

≥ 60 102,680 365 1,049,338.3 0.35 0.80 (0.71–0.90) < 0.001

50–59 < 30 415,107 3,766 4,257,969.6 0.88 1 (ref.)

30–59 177,304 1,937 1,808,649.1 1.07 1.02 (0.96–1.08)

≥ 60 82,618 1,067 836,120.9 1.28 1.18 (1.10–1.27)

60–69 < 30 249,631 5,458 2,505,897.7 2.18 1 (ref.)

30–59 129,498 3,105 12,929,716.0 2.40 1.12 (1.07–1.17) < 0.001

≥ 60 50,061 1,425 492,581.5 2.89 1.37 (1.29–1.47)

70–79 < 30 127,275 4,042 1,171,471.1 3.45 1 (ref.)

30–59 60,891 2,011 564,807.8 3.56 1.19 (1.13–1.26)

≥ 60 20,666 737 187,491.9 3.93 1.40 (1.29–1.53)

≥ 80 < 30 23,666 645 164,844.1 3.91 1 (ref.) < 0.001

30–59 7,555 221 56,048.7 3.94 1.21 (1.04–1.41)

≥ 60 2,103 50 15,209.4 3.29 1.13 (0.85–1.51)

HR, hazard ratio; CI, confidence interval.
a)Per 1,000 person-years.
b)Adjusted for age, sex, socioeconomic status, diabetes, hypertension, dyslipidemia, body mass index, smoking, alcohol, and week-
ly exercise for one or more times.
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Supplementary Table 2. Two-year characteristics of individuals with FLI ≥ 30 at the time of enrollment

Variable
FLI ≥ 30 at enrollment 

(n = 665,801)
Consistently FLI ≥ 30 

(n = 519,598)
Improvement FLI ≥ 30 
to < 30 (n = 146,203)

p value

Follow-up duration (yr) 8.24 ± 0.95 8.24 ± 0.93 8.23 ± 1.01 0.005

Age (yr) 50.94 ± 13.01 50.4 ± 12.88 52.88 ± 13.26 < 0.0001

20–39 147,422 (22.1) 120,862 (23.3) 26,560 (18.2)

40–64 407,077 (61.1) 317,729 (61.2) 89,348 (61.1)

≥ 65 111,302 (16.7) 81,007 (15.6) 30,295 (20.7)

Male, sex 493,968 (74.2) 401,246 (77.2) 92,722 (63.4) < 0.0001

Socioeconomic status < 0.0001

Household income < 25% and medicare 125,195 (18.8) 94,873 (18.3) 30,322 (20.7)

Household income 25–50% 111,134 (16.7) 85,519 (16.5) 25,615 (17.5)

Household income 50–75% 185,951 (27.9) 147,088 (28.3) 38,863 (26.6)

Household income ≥ 75% 243,521 (36.6) 192,118 (37) 51,403 (35.2)

Comorbidities

Diabetes 100,622 (15.1) 81,476 (15.7) 19,146 (13.1) < 0.0001

Hypertension 259,185 (38.9) 209,790 (40.4) 49,395 (33.8) < 0.0001

Dyslipidemia 194,613 (29.2) 158,511 (30.5) 36,102 (24.7) < 0.0001

CCI score 1.06 ± 1.47 1.04 ± 1.45 1.14 ± 1.53 < 0.0001

0 331,880 (49.9) 262,497 (50.5) 69,383 (47.5)

1 154,462 (23.2) 120,073 (23.1) 34,389 (23.5)

2 83,569 (12.6) 64,225 (12.4) 19,344 (13.2)

≥ 3 95,890 (14.4) 72,803 (14) 23,087 (15.8)

Body mass index (kg/m2) 26.22 ± 2.84 26.79 ± 2.78 24.23 ± 2.03 < 0.0001

< 18.5 595 (0.1) 156 (0) 439 (0.3)

18.5–22.9 65,880 (9.9) 28,340 (5.5) 37,540 (25.7)

23.0–24.9 160,703 (24.1) 103,178 (19.9) 57,525 (39.4)

≥ 25 438,623 (65.9) 387,924 (74.7) 50,699 (34.7)

Smoking < 0.0001

Never 309,435 (46.5) 227,106 (43.7) 82,329 (56.3)

Past 149,699 (22.5) 120,468 (23.2) 29,231 (20)

Current 206,667 (31) 172,024 (33.1) 34,643 (23.7)

Alcohol consumption < 0.0001

Non-drinker 312,629 (47) 230,455 (44.4) 82,174 (56.2)

Mild drinkera) 353,172 (53) 289,143 (55.7) 64,029 (43.8)

Weekly exercise of one or more times 140,380 (21.1) 104,467 (20.1) 35,913 (24.6) < 0.0001

Values are presented as mean ± standard deviation or number (%).
FLI, fatty liver index, CCI, Charlson Comorbidity Index.
a)Mild drinker refers to an individual who consumes an average daily alcohol intake of 30 g for males and 20 g for females.
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