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Abstract

IMPORTANCE The onset age of nonalcoholic fatty liver disease (NAFLD) is decreasing, and whether
earlier ages of NAFLD onset are associated with increased cancer risk is currently unclear.

OBJECTIVE To explore the association between NAFLD new-onset age and cancer risk.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted among 179 328
participants included in the Kailuan Cohort Study between 2006 and 2021. In total, 46 100 incident
NAFLD cases were identified. For each case, a participant matched by age (older or younger by 1
year) and sex was randomly selected to create a newmatched study cohort. Data were analyzed
fromDecember 2022 through April 2023.

EXPOSURE Onset of NAFLD.

MAIN OUTCOMES AND MEASURES The association between the onset age of NAFLD and the risk
of different cancer types was evaluated using weighted Cox regression models. Population-
attributable fractions (PAFs) were used to quantify the association of NAFLDwith cancer risk at
different ages.

RESULTS Among 63 696 participants (mean [SD] age, 51.37 [12.43] years; 10 932 females [17.2%]
and 52 764 males [82.8%]), 31 848 individuals had NAFLD and 31 848 individuals were in the
control group. During a median (IQR) follow-up of 10.16 (7.89-11.67) years, 2415 patients were
diagnosed with cancer. Compared with thematched group, patients aged less than 45 years at
NAFLD onset exhibited a higher risk of cancer (average hazard ratio [AHR], 1.52; 95% CI, 1.09-2.12),
and as the onset age of NAFLD increased, the cancer risk decreased (ages 45-54 years: AHR, 1.50;
95% CI, 1.15-1.97; ages 55-64 years: AHR, 1.13; 95% CI, 0.97-1.33; ages >65 years: AHR, 0.75; 95% CI,
0.45-1.27; P for interaction < .001). Among patients aged less than 45 years at NAFLD onset, cancers
weremainly digestive system and lung cancers, with AHR values of 2.00 (95%CI, 1.08-3.47) and 2.14
(95%CI, 1.05-4.36), respectively. PAFs also showed that in patients aged less than 45 years at NAFLD
onset, 17.83% (95% CI, 4.92%-29.86%) of cancer risk was attributable to NAFLD.

CONCLUSIONS AND RELEVANCE This study found that NAFLDwas associated with increased
cancer risk and there was an interaction with onset age, such that the younger the onset age of
NAFLD, the greater the cancer risk.
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Key Points
Question Is the earlier onset age of

nonalcoholic fatty liver disease (NAFLD)

associatedwith increased risk of cancer?

Findings In this cohort study of 63 696

participants with different ages, NAFLD

was associated with increased cancer

risk and younger onset age of NAFLD

was associated with greater risk

of cancer.

Meaning This study found that early-

onset NAFLD was associated with

increased risk of cancer, suggesting that
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Introduction

Nonalcoholic fatty liver disease (NAFLD), associated with significant liver damage, occurs in
approximately 25%of the global population. Estimated adult NAFLD prevalence is projected to reach
33.5% by 2030, posing a serious global public health threat.1,2 With strong association with type 2
diabetes and metabolic syndromes, NAFLD incidence increases alongside diabetes and obesity
prevalence.3,4 The harm caused by NAFLD also deepens gradually with its progression. NAFLD and
its complications, including nonalcoholic steatohepatitis (NASH) and cirrhosis, impair liver function
and are associated with other systemic diseases, such as cardiovascular disease and chronic kidney
disease.5,6 Several large cohort studies also found that NAFLD was associated with cancer risk.
Mantovani and Karl et al6,7 found that patients with NAFLD had a 1.2- to 15-fold higher risk of liver
cancer, gastrointestinal cancers, and all cancer types. NAFLD-induced NASH has emerged as a
leading cause of liver cancer deaths, surpassing hepatitis B and C virus.8 Therefore, the sustained
increase in NAFLD incidence has resulted in new concerns.

Importantly, the population with NAFLD is becoming younger. Among patients with chronic
liver disease–related deaths, one-third experienced NAFLD at younger than age 30 years.9 These
outcomes suggest that attention must be paid to the association of new-onset NAFLD at different
ages with the risk of developing other diseases, such as cancer. However, most studies have focused
on health outcomes associated with the prevalent NAFLD age rather than NAFLD new-onset ages.
We hypothesized that the younger onset age of NAFLDwould be associated with higher cancer risk.
Therefore, this study explored the association between the age of new-onset NAFLD and the risk of
all cancer types in a large prospective cohort.

Methods

This cohort study was approved by the ethics committee of Kailuan General Hospital and Beijing
Shijitan Hospital, and the study followed the guidelines of the Helsinki Declaration. All participants
voluntarily participated in this study after receiving a detailed introduction to the research design
and provided written informed consent by themselves or through their legal representatives. This
study is reported following the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Study Design and Participants
Study participants were selected from the Kailuan Cohort Study, an ongoing prospective cohort
study that began in June 2006 (eMethods in Supplement 1).10 For this study, individuals who had
undergone physical examinations at least twice between 2006 and 2017 and completed follow-up
examinations were initially selected. A total of 179 328 participants were included. Those with a
preexisting diagnosis or history of NAFLD, cancer, heavy alcohol consumption (alcohol intake �30
g/d for males and �20 g/d for females), hepatitis B virus infection, or other liver diseases were
excluded. The final case group consisted of 46 100 patients who developed new-onset NAFLD
between 2006 and 2017. After excluding patients with missing covariate data at the time of
diagnosis, 35 860 patients remained.

Thematched groupwas formed by randomly selecting healthy individuals who had participated
in the physical examination in the same year as the case was diagnosed and werematched 1:1 based
on age (older or younger by 1 year) and sex of patients in the case group. The follow-up of this event
case started when new-onset NAFLDwas identified. For example, we identified a male patient in
2010with new-onset NAFLD at age 45 years. At the same time, matched individuals were randomly
selected from the group of individuals without NAFLD who had participated in the physical
examination in 2010 at ages 44 to 46 years; both groups were followed up starting in 2010. After a
median (IQR) follow-up of 6.85 (5.58-7.24) years, 31 848 pairs of participants were included in the
study (Figure 1) and were grouped according to age.
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Definition of New-Onset NAFLD
NAFLDwas defined as (1) the presence of hepatic steatosis diagnosed through imaging (eMethods in
Supplement 1), (2) no history of excessive alcohol consumption (ethanol intake <140 g/wk for males
and <70 g/wk for females) in the past 12 months, and (3) no competing etiologies for hepatic
steatosis and no coexisting causes for chronic liver disease.11 Moreover, we had to ensure that
participant NAFLDwas new onset. Therefore, participants had to have attended at least 2 physical
examinations between 2006 and 2017, with the first examination showing no NAFLD and NAFLD
appearing in the subsequent examination (for example, no NAFLD detected in a participant who
underwent a physical examination for the first time in 2008 but NAFLD diagnosed in a 2010
examination). New-onset NAFLDwas diagnosed on the basis of 57 conditions (eTable 1 in
Supplement 1). A sensitivity analysis was conducted onmetabolic dysfunction–associated fatty liver
disease (MAFLD) based on the international expert consensus and guidelines of the Asia-Pacific
Association for the Study of the Liver (eMethods in Supplement 1).

Outcome and Covariates
Cancer occurrence was considered the study outcome (eMethods in Supplement 1). The cancer
diagnosis was determined by at least 2 well-trained doctors through pathology or imaging and
recorded by the International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) (eMethods in Supplement 1). The follow-up period was defined as the time from
the date of diagnosis of NAFLD to the occurrence of cancer or death or the date of the last follow-up
(December 31, 2021), whichever came first. Covariates included demographic data, questionnaire
responses, laboratory indicators, and anthropometry (eMethods in Supplement 1).

Figure 1. Study Flowchart

179 328 Individuals participated in the Kailuan health
examinations from 2006-2017

46 100 Participants were diagnosed with new-onset NAFLD
during the resurvey among 119 757 participants;
 median (IQR) follow-up, 6.85 (5.58-7.24) y

35 860 Participants with new-onset NAFLD

10 240 Participants without data of covariates

Participants without NAFLD were 1:1
matched on age (1 y older or younger)
and sex and examination year to individuals
with new-onset NAFLD

31 848 Patients with new-onset NAFLD
63 693 Patients in final analyses

31 848 Patients in control group

Diagnosed age <45 y
8984 Case
8952 Control

Diagnosed age 45-54 y
10 271 Case
10 273 Control

Diagnosed age 55-64 y
8585 Case
8572 Control

Diagnosed age ≥65 y
4008 Case
4051 Control

940 Participants diagnosed with cancer
at baseline (first) examination

53 248 Participants diagnosed with NAFLD
at baseline (first) examination

5383 Participants with excessive drinking
or chronic liver disease at baseline
(first) examination

59 571 Excluded

NAFLD indicates nonalcoholic fatty liver disease.
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Statistical Analysis
Continuous variables were summarized as mean (SD) for normally distributed data and compared
using t tests or analysis of variance. Skewed continuous variables were presented as median (IQR)
and compared using the Kruskal-Wallis test. Categorical variables were reported as percentages and
compared using the χ2 test. Cox regressionwas used to analyze the risk of cancer incidence. Because
our model did not meet the assumption of proportional hazard ratios, we used a weighted Cox
regressionmodel to calculate the average hazard ratio (AHR) and 95% CI for cancer incidence. To
further assess the association of NAFLD exposure with cancer incidence across age groups,
population attributable fractions (PAFs) were calculated12,13 (eMethods in Supplement 1).

Subgroup analyses were based on inflammation and liver function (eMethods in Supplement 1).
Sensitivity analyses were performed to assess the robustness of results. Participants who were
diagnosed with cancer in the first year of follow-up were excluded to avoid causation inversion,
although this is a prospective study. Propensity score matching was performed to eliminate the
potential association of other factors with outcomes. Finally, we excluded participants who used
medications and performed regular physical activity. During the follow-up period, deathmay act a
competing event. Competing risk models (Fine and Graymodel) were applied for reducing this bias,
including the cause-specific hazards function and subdistribution hazards function. Statistical
analyses were performed using SAS statistical software version 9.4 (SAS Institute) and R statistical
software version 4.2.0 (R Project for Statistical Computing). A 2-sided P < .05 was considered
statistically significant. Data were analyzed fromDecember 2022 through April 2023.

Results

Baseline Characteristics
Among 63 696 participants (mean [SD] age, 51.37 [12.43] years; 10 932 females [17.2%] and
52 764males [82.8%]), the sex and age of matched (31 848 individuals) and case (31 848
individuals) groups were matched (Table). In the case group, there were 8984 patients aged less
then 45 years, 10 271 patients aged 45 to 54 years, 8585 patients aged 55 to 64 years, and 4008
patients aged 65 years or older. Compared with thematched group, patients with new-onset NAFLD
often lacked regular physical activity; had a higher prevalence of hypertension;more frequently had
overweight and obesity; had higher mean (SD) waist circumference and levels of triglyceride, total
cholesterol, hypersensitive C-reactive protein, and alanine aminotransferase (ALT) and lower mean
(SD) levels of high-density lipoprotein cholesterol and total bilirubin. With an increase in NAFLD
new-onset age, the proportions of hypertension and diabetes were higher and themean (SD) body
mass index (calculated as weight in kilograms divided by height in meters squared) were reduced.
Moreover, mean (SD) waist circumference and levels of total cholesterol, hypersensitive C-reactive
protein, and total bilirubin increased while levels of triglyceride and ALT decreased as the NAFLD
new-onset age increased. In addition, we compared baseline characteristics between excluded
participants and those involved in the study (eTable 2 in Supplement 1). There were no significant
differences between groups in factors such as age, sex, smoking, hypertension, and diabetes.

During a median (IQR) follow-up of 10.16 (7.89-11.67) years, 2415 patients were diagnosed with
cancer. By age group, the median (IQR) follow-up was 10.10 (7.02-11.03) years for participants aged
less than 45 years, 10.11 (8.63-11.66) years for participants aged 45 to 54 years, 10.13 (7.84-12.25)
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Natarajan et al.29,30 An earlier onset age of NAFLDwas associated with a greater likelihood of
increased ALT levels. Compared with patients with increased ALT levels, patients with NAFLD and
sustained normal ALT levels exhibited a lower risk of liver cirrhosis and liver cancer.

MAFLD, the recently proposed term, is closely associated with metabolic disorders and has
been associated with various cancers.31 Our study also found an association betweenMAFLD and
cancers and for the first time, to our knowledge, described an association between age of MAFLD
onset and cancer risk.

In the field of public health, Zhou et al32 found a concerning trend of younger NAFLD onset, with
incidence among individuals younger than age 45 years surpassing that of older age groups in China
over the last decade. We found that patients with early-onset NAFLD had a higher cancer risk, as
confirmed by PAFs. These findings suggest that early screening and prevention of NAFLDmay be
crucial to reduce subsequent cancer occurrence. Increased awareness and urgent action are needed
to control the NAFLD epidemic in China.

Limitations
This study has several limitations. First, the Kailuan cohort consists primarily of male workers, leading
to potential sex bias. Additionally, NAFLD diagnosis relied on ultrasound instead of liver biopsy,
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