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Background and aims: The influence of nonalcoholic fatty liver disease (NAFLD) on the
long-term risk of cirrhosis and hepatocellular carcinoma (HCC) in Asian populations has not been
widely investigated.

Methods: We enrolled 129 374 adults aged =30 years, all of whom participated in a health
screening program from 2008 through 2013, were seronegative for HBsAg and anti-HCV
antibodies, and had limited daily alcohol consumption (<20 g/day for men and <10 g/day for
women). Abdominal ultrasonography was performed to determine the presence of NAFLD.

The participants were divided into NAFLD with elevated or normal, and non-NAFLD with

normal liver enzymes groups. The incidences of cirrhosis and HCC were determined through
computerized data linkage with nationwide registries. Cox’s proportional hazard models were used
to estimate the hazard ratios (HRs) of NAFLD on the risks of cirrhosis and HCC.

Results: The incidence rates of cirrhosis and HCC increased by the groups of non-NAFLD with
normal liver enzyme (n=66 801, 51%), NAFLD with normal liver enzymes (n=41 461, 32%), and
NAFLD with elevated liver enzymes (n=21 112, 16%). In the NAFLD with elevated liver enzymes
and NAFLD with normal liver enzymes groups, the corresponding multivariate-adjusted HRs for
cirrhosis were 3.51 (2.36-5.22) and 0.73 (0.46-1.16), and those for HCC were 1.91 (1.08-3.38)
and 0.57 (0.31-1.04), respectively, compared with the non-NAFLD group (Pfor trend < .001). The
findings were consistent after restricting the analysis to nonobese individuals (BMI < 25 kg/m?)
and nonobese without diabetes (P < .05).

Conclusions: Individuals with NAFLD and elevated liver enzyme levels exhibited significantly

higher risks for cirrhosis and HCC and should be monitored.

Keywords
nonobese; long-term risk; metabolic disease; prospective study

Introduction

With a global prevalence of 25% in the adult population and substantial associated health-
care expenses, the public health burden of nonalcoholic fatty liver disease (NAFLD) is
considerablel. The spectrum of NAFLD ranges from steatosis to a more progressive
nonalcoholic steatohepatitis (NASH) that can lead to fibrosis and cirrhosis. NAFLD has
also become the second leading indicator of the need for liver transplantation and the third
leading cause of hepatocellular carcinoma (HCC)? 3 Because liver conditions attributable to
chronic hepatitis viral infection have been substantially reduced by hepatitis B vaccination
programs and effective direct antiviral agents for hepatitis C, NAFLD is likely to become a
key health concern in the future.

The high prevalence of NAFLD renders current HCC surveillance challenging. Alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) are surrogates for
hepatocellular injury. Elevated concentrations of these markers are noninvasive indicators of
NAFLD#* >, Nonetheless, some patients who have received biopsy-based NAFLD diagnoses
persistently exhibit normal ALT levels® 7. Incorporating imaging in addition to these 2
seromarkers might provide more accurate noninvasive NAFLD diagnosis. Claims database
studies have suggested that patients with NAFLD and normal ALT may be at lower risk of
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cirrhosis or HCC8: 9. However, because of a lack of personal lab tests® and the predominant
enrolling of participants with Caucasian men®, these findings are vulnerable to substantial
misclassification and poor generalizability.

Obesity is generally associated with NAFLD. However, not all people with obesity develop
NAFLD, and NAFLD can develop in the nonobese populationl0. Approximately 40%

of individuals with NAFLD worldwide are classified as nonobese, and nearly 20% are
considered lean!l. Nonobese patients with NAFLD are increasingly being recognized as
developing end-stage liver diseases even more rapidly than obese individuals!2. Notable
differences in lifestyles, genetics, and body composition make Asians more likely to have
nonobese NAFLD compared with non-Asian populations!3. In particular, NAFLD in Asian
populations is more likely to be associated with lobular inflammation and higher grades

of ballooning compared with non-Asian populations4. Large-scale follow-up studies to
establish cirrhosis or HCC risks associated with NAFLD, particularly among nonobese
Asian individuals, are essential for thoroughly understanding the disease.

This study investigated the long-term impacts of NAFLD, diagnosed on the basis of
ultrasound imaging with or without elevated ALT and AST levels, on the associated risk
of cirrhosis and HCC. We prospectively examined healthy adults who underwent medical
screening, and we analyzed 2 subgroups: nonobese individuals and nonobese individuals
without diabetes.

Study Population and Data Collection

The study participants were healthy individuals aged =30 years who participated in a health
screening program run by a private health-care institution in Taiwan (Supplementary). All
participants were followed from 2008 through 2013. In brief, the participants underwent

a series of blood, urine, and anthropometric tests and physical examinations upon study
enrolment5. Every participant provided signed informed consent for the use of their

data generated from medical screenings for biomedical investigations. The study protocol
was approved by the Institutional Review Board of the National Yang Ming Chiao Tung
University, Taipei, Taiwan.

The initial cohort consisted of 186 943 adults. We excluded the participants that (1)

had received results of hepatitis B surface antigen or antibodies against hepatitis C virus
seropositivity (n= 29 045), (2) had inadequate information on alcohol quantity or excessive
daily alcohol consumption (n = 19 139; >20 g/day for men and >10 g/day for women,
according to Asia-Pacific Guidelines)!8, (3) had missing data on ultrasonography or testing
of ALT or AST (n=2827); and 4) had prevalent cirrhosis or HCC or died less than 6
months after study entry (7= 478). Finally, 135 454 healthy individuals free of underlying
liver diseases were included in this study. The participants with body mass index (BMI)

< 25 kg/m? were considered nonobesel’ (7= 89 423), and a subset of this group, those
considered nonobese without diabetes (n7= 86 260) was analyzed separately.
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Definition of NAFLD

All of the study participants were examined by board-certified gastroenterologists using
high-resolution real-time abdominal ultrasonography. The presence of fatty liver within
the hepatic parenchyma was assessed according to parenchymal brightness, liver-to-kidney
contrast, deep beam attenuation, and bright vessel walls8. We categorized individuals with
NAFLD by using liver enzyme levels as proxy markers for NASH. An elevated liver
enzyme level was defined as a serum concentration of either AST =37 U/L in men or

>31 U/L in women or ALT 240 U/L in men or =31 U/L in women® 19, We classified the
participants into 3 groups: non-NAFLD with normal liver enzymes, NAFLD with normal
liver enzyme, and NAFLD with elevated liver enzyme levels. Individuals without NAFLD
but with elevated liver enzyme levels were excluded from this analysis (n7 = 6080).

Follow-Up and Cirrhosis and HCC Diagnhoses

We applied computerized data linkage, namely the National Health Insurance database,

the National Cancer Registration Profiles, and the National Death Certification system, to
follow-up the occurrence of diseases and vital status of the study participants from January
1, 2008, to December 31, 2015. These nationwide registries are universally compulsory and
they cover nearly 100% of the total population. The administrative and claims data stored in
these registries are complete, accurate, and up-to-date2. The incident events of cirrhosis and
HCC were identified by the /nternational Classification of Diseases codes as described in the
Supplementary.

Statistical Methods

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary,
NC, USA) and the details were described in the Supplementary.

Results

Baseline Characteristics of Study Cohort

This prospective study enrolled 41 461 (32%) individuals with NAFLD and normal liver
enzyme levels, 21 112 (16%) individuals with NAFLD and elevated liver enzyme levels, and
66 801 (51%) individuals without NAFLD and with normal liver enzyme levels (Figure 1).
Among the 129 374 participants in the study cohort, the mean age was 44.3 + 11.6 years.

At baseline, 89 423 (69%) participants had a BMI of <25 kg/m? and 86 260 (67%) had not
received a diabetes diagnosis. Compared with the participants with NAFLD and normal liver
enzyme levels, those with NAFLD and elevated liver enzyme levels were younger, more
likely to be male, cigarette smokers, and exhibited higher alpha-fetoprotein, triglyceride, and
cholesterol levels, and presence of diabetes (P< .05) (Table 1).

Incidence of Cirrhosis and HCC in the Entire Cohort

After 753 581 person-years of follow-up, 140 newly developed cirrhosis cases were
identified, yielding an incidence rate of 18.6 per 100 000 person-years. Individuals who
had NAFLD together with elevated liver enzyme levels had higher cirrhosis incidence rates
than patients with NAFLD and normal liver enzyme levels and patients without NAFLD
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and with normal liver enzyme levels. The group incidences were 52.1, 12.8, and 11.8, per
100 000 person-years, respectively (Table 2). The cumulative incidence of cirrhosis with

a median follow-up of 6 years was significantly higher in the participants with NAFLD
and elevated liver enzyme levels (0.43%) compared with the participants with NAFLD and
normal liver enzyme levels (0.14%, P < .001; Figure 2A).

In total, 71 cases of HCC occurred after 753 753 person-years of follow-up in the entire
cohort, yielding an HCC incidence rate of 9.4 per 100 000 person-years. The incidence of
HCC was highest in the individuals with NAFLD and elevated liver enzyme levels: 20.7
per 100 000 person-years as compared to 7.2 per 100 000 person-years in the individuals
without NAFLD and with normal liver enzyme levels and 7.5 per 100 000 person-years

in those with NAFLD and normal liver enzyme levels (Table 2). At the end of follow-up,
approximately 0.17% of the participants with NAFLD and elevated liver enzymes had
received an HCC diagnosis compared with 0.06% of participants with NAFLD and normal
liver enzyme levels (P =.0005, Figure 3A).

Relative Risks of Cirrhosis and HCC According to NAFLD and Liver Enzyme Levels

Table 3 displays the multivariate-adjusted HRs of cirrhosis, which were respectively 0.73
(0.46-1.16) and 3.51 (2.36-5.22) for the individuals with NAFLD and normal liver enzyme
and those with NAFLD and elevated liver enzymes, compared with those without NAFLD
and with normal liver enzyme levels as a reference group (Pfor trend < .001). For HCC, the
multivariate-adjusted HRs were 0.57 (0.31-1.04) and 1.91 (1.08-3.38), respectively, again
compared to those without NAFLD and with normal liver enzymes (P for trend < .001).
Advanced age, male sex, low platelet count (<200 x 103/uL), high alpha-fetoprotein (=5
ng/mL), and diabetes were significantly associated with increased risk of cirrhosis and HCC
(P<.05).

Risks of Cirrhosis and HCC Among Individuals Classified as Nonobese and Those
Classified as Nonobese Without Diabetes

In our study cohort, 61 053 (68%) individuals without NAFLD and with normal liver
enzymes, 21 684 (24%) individuals with NAFLD and normal liver enzymes, and 6686

(7%) individuals with NAFLD and elevated liver enzymes were considered nonobese (Table
2). Similar to the findings in the entire cohort, nonobese participants with NAFLD and
elevated liver enzymes exhibited a higher incidence of cirrhosis and HCC (Table 2). As
illustrated in Figure 2B and Figure 3B, the participants with NAFLD and elevated liver
enzyme levels consistently displayed high cumulative risks of advanced liver disease, with
cumulative incidences of 0.59% for cirrhosis and 0.17% for HCC. After controlling for other
risk factors, elevated liver enzyme levels were associated with increased risk of cirrhosis
and HCC among nonobese individuals (Pfor trend < .05), while no significant differences
were observed in the risk of cirrhosis or HCC among participants with normal liver enzyme
levels, either with or without NAFLD (Table 3).

The findings remained similar even after we restricted the analysis to those nonobese
participants without diabetes (/7= 86 260). Individuals with NAFLD and elevated liver
enzymes still had higher cumulative risk of cirrhosis compared with NAFLD with normal
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liver enzymes (P < .001, Figure 2C). The cumulative risk of HCC for NAFLD with elevated
liver enzymes remained high compared with the NAFLD with normal liver enzymes (P
=.04). After adjustment for other risk factors, NAFLD with elevated liver enzyme had
higher risk for cirrhosis (P for trend < .001) and HCC (P for trend = .09) compared with
non-NAFLD group (Table 3).

Discussions

This large-scale study revealed that the risk of advanced liver disease was low among
individuals with NAFLD and normal liver enzymes. However, NAFLD with elevated liver
enzymes was associated with increased risks of cirrhosis and HCC. These associations
remained similar even when we restricted the analysis to the participants without obesity or
those without obesity or diabetes. These findings suggest that patients with elevated liver
enzymes should be monitored in clinical settings.

Although the incidence of NAFLD-related HCC is considerably lower than that of other
HCC-related etiologies, such as chronic hepatitis B and C virus infection, the prevalence

of NAFLD is higher than that of chronic viral hepatitis. Moreover, individuals with
NAFLD typically have other comorbidities?. In a study that identified NAFLD using
proton magnetic resonance spectroscopy plus intrahepatic triglyceride content of >5%, the
prevalence of NAFLD in a Chinese population was 28.6%422. However, only approximately
4% of patients with NAFLD had advanced fibrosis, suggesting that the prevalence of severe
liver disease was low despite the high NAFLD prevalence?2. Risk stratification for the
targeting of patients with NAFLD for HCC surveillance would allow clinicians to more
effectively plan secondary prevention strategies.

In Asian countries, metabolic fatty liver disease is rapidly increasing because of sedentary
behavior, low levels of physical activity, high calorific intake, and Western diets?3. Among
patients with nonalcoholic and noncirrhotic HCC, at least 35% had fat content of >5%

in hepatocytes, suggesting the relevance of NAFLD in Asian populations?4. The incidence
of HCC over a median of 5.6 follow-up years in Japanese patients with ultrasonography-
diagnosed NAFLD was 0.25%, with an estimated annual rate of 0.043%2°. These low rates
are similar to our findings and those of other studies conducted in Western countries26: 27,
Another Korean study reported that the estimated incidence of HCC in NAFLD was 23 per
100 000 person-years28. In the present study, we found that the adults with NAFLD had
incidences of cirrhosis and HCC of 25.9 and 11.8 (per 100 000 person-years), respectively.
Compared with the findings of the Korean study, the incidence of reported HCC is lower in
our study. However, the Korean study only monitored patients in the hospital and was unable
to take death into account; thus, the HCC incidence rates may have been overestimated?8.

ALT is an enzyme primarily present in the liver that is involved in the transfer of
amino groups of alanine to ketoglutaric acid, whereas AST is mostly found within the
mitochondria. Although normal ALT and AST levels may not exclude the possibility of
NAFLD, NAFLD and NASH are reportedly the most common causes of elevated liver
enzymes2?, Abnormal levels of ALT and AST among patients with suspected NAFLD
should prompt referral for in-depth assessment of disease severity and inform decision-

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huang et al.

Page 7

making on whether to perform liver biopsy as per clinical guidelines3. Our study supported
the notion that elevated ALT and AST could be used as a prognostic marker among
individuals with NAFLD?9, In addition, the findings were consistent for NAFLD in
nonobese individuals or in those without diabetes, suggesting that these findings are not
driving by obesity or diabetes and that elevated liver enzyme levels indicate increased risk
of advanced liver disease across all patients with NAFLD. At least 13% of patients with
NAFLD had normal ALT’, suggesting that ALT alone was not a satisfactory prognostic
factor for patients with NAFLD. Our results suggest that the addition of AST can help
identify those at high risk of developing cirrhosis and HCC1°,

The epidemiological characteristics of NAFLD and its associated risk for HCC vary in
Asian and non-Asian populations. The considerable differences between these populations
emphasize the need for more studies to be conducted in Asia. The body compositions

of Asian and non-Asian individuals differ notably. Generally, non-Asian individuals are
considered lean if their BMI is below 25 kg/m?, whereas Asians are considered lean if their
BMI is below 23 kg/m2. In our study population, few HCC cases among lean adults were
observed; thus, we did not estimate their specific risks for cirrhosis or HCC. In some cases,
Asian individuals accumulate abdominal and visceral fat despite low BMI3L, Liver diseases
appear to be more severe among Asian than non-Asian patientsl4. Multiple genetic variants
are associated with hepatic steatosis across ancestries, and missense variants in PNPLA3 and
GCKR genes are likely functional across multiple ancestries32.

Large-scale studies may provide more useful information, particularly regarding the
influence of NAFLD in Asian patients, for which evidence remains limited. Previous
population-based studies investigating the clinical course of NAFLD have primarily
originated from the National Health and Nutrition Examination Survey (NHANES)
program1® 33 or from the US Veterans Health Administration system® 34 35 However,
among the Veterans study participants, nearly 90% were men, 70% were White, 65% had a
BMI of =30 kg/m?, and 35% had diabetes. The mean age in the Veteran study was nearly 60
years8, which is older than that of our study population (44.3 years). Moreover, 55% of the
veterans enrolled had abnormal ALT levels, resulting in higher cirrhosis and HCC incidence
rates8. Moreover, the NHANES studies were limited by a lack of granular clinical data and
incomplete diagnoses of cirrhosis and HCC1®: 33, The findings of these Western studies may
or may not apply to Asian populations, highlighting the importance of our study.

Ultrasonography-diagnosed NAFLD is not associated with increased mortality, but advanced
fibrosis is a significant predictor of liver-specific mortality33. One study that enrolled
patients with biopsy-proven NAFLD consistently found that HCC incidence rates increased
monotonically across categories of steatosis, nonfibrotic steatohepatitis, noncirrhotic
fibrosis, and cirrhosis3®. We stratified NAFLD into 2 groups according to non-elevated

or elevated liver enzyme level, which is regarded as a proxy for NASH1. Although our
study was distinct in from the Western studies in several respects, our findings are consistent
with those of previous studies, indicating that NAFLD with elevated liver enzyme was
associated with liver disease progression and requires ongoing clinical monitoring®: 33: 36,
Our study revealed that NAFLD with elevated liver enzymes was associated with increased
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risk of advanced liver disease, a key mechanism of which might be NAFLD-induced liver
inflammation.

The strengths of our study include the large-scale and well-characterized population of

men and women, a long-term follow-up, and endpoints determined on the basis of reliable
nationwide registries. We were also able to adjust for multiple confounders; by excluding
the individuals with chronic viral hepatitis and excessive alcohol consumption, we avoided
the impacts of these factors. Previous studies have defined NAFLD according to elevated
ALT levels34 35 or fatty liver index3”. Although ultrasound has limitations and liver biopsy
is regarded as the gold standard, ultrasound remains the recommended noninvasive tool

for accurate diagnosis of NAFLD and is used in clinical and population-based studies.
Additionally, ultrasound is more feasible for diagnosis of NAFLD in the general population.
However, if individuals with less severe steatosis were mistakenly given a diagnosis of not
having NAFLD, we may have overestimated cirrhosis and HCC risk in the non-NAFLD
control group. Another limitation that should be acknowledged is that the participants’

liver enzymes were assessed only once. Changes in the levels of ALT and AST may

have occurred during follow-up. However, this limitation underscores the importance of
carefully observing and following-up cases of NAFLD with abnormal liver enzyme levels.
The nondifferential misclassification of normal or elevated liver enzymes among participants
with NAFLD may attenuate the estimated risks.

In conclusion, this large-scale study revealed that NAFLD with elevated ALT or AST levels
significantly increased the risks of cirrhosis and HCC. The findings were consistent among
the nonobese and nonobese without diabetes groups. It is needed to differential NAFLD
patients with or without elevated liver enzymes for more close surveillance. Individuals
with NAFLD and elevated liver enzyme levels should be monitored and guided in terms of
behavioral modifications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT YOU NEED TO KNOW
BACKGROUND

Incorporating imaging in addition to elevated concentrations of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) might provide insights for nonalcoholic
fatty liver disease (NAFLD) patients on the risk stratification for hepatocellular
carcinoma (HCC) surveillance.

FINDINGS

The prospective study revealed that NAFLD patients with elevated liver enzymes had
increased risk for cirrhosis and HCC. Individuals with normal liver enzyme levels
had similar risks of cirrhosis and HCC regardless the presences of NAFLD. These
associations remained consistent among the subgroup participants without obesity or
those without obesity or diabetes.

IMPLICATIONS FOR PATIENT CARE

Individuals with NAFLD and elevated ALT or AST levels significantly increased the
risks of cirrhosis and HCC, and should be monitored and guided in terms of behavioral
modifications.
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Total population (n= 186 943)

Male (n=90 516; 48.4%)

Female (n=96 427; 51.6%) « HBsAg seropositive (n=26 386)
I * Anti-HCV seropositive (n=1875)

* HBV HCV coinfected (n=784)

Participants seronegative of HBsAg
and anti-HCV (n=157 898)
Male (n=74 467; 47.2%)

Female (n=83 431; 52.8%) — - -
T * Drinking information unavailable (n=15 262)

* Excessive alcohol drinking (n=3877)

|
Participants with limited alcohol
consumption (n=138 759)
Male (n=65 751; 47.4%)

* Unavailable of serum ALT or AST levels (n=121)
* Unavailable of ultrasonography (n=2702)
» Unavailable of serum ALT/AST levels and US (n=4)

Female (n=73 008; 52.6%)
I

1
Participants with information of

ultrasonography and liver enzymes
(n=135 932)
Male (n=64 404; 47.4%)
Female (n=71 528; 52.6%)
1

* Prevalent cirrhosis cases (n=362)

* Prevalent HCC cases (n=38)

« Prevalent cirrhosis and HCC cases (n=11)

» Deaths less than 6 months after follow-up (n=67)

Studty subjects (n=135 454)
Male (n=64 130;47.3%)
Female (n=71 324; 52.7%)
|

| ]
Non-NAFLD (n=72 881) NAFLD (n=62 573)
Male (n=24 863; 34.1%) Male (n=39 267; 62.8%)
Female (n=48 018; 65.9%) Female (n=2? 306; 37.3%)

|
NAFLD/normal liver
enzymes (n=41 461)

1
NAFLD/elevated liver
enzymes (n=21 112)
Male (n=14 944; 70.8%)
Female (n=6168; 29.2%)

———

Non-NAFLD/normal liver
enzymes (n=66 801)

Male (n=22 415; 33.6%) Male (n=24 323; 58.7%)
Female (n=44 386; 66.4%) Female (n=17 138; 41.3%)

I I I
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]
HCC

Cirrhosis Cirrhosis HCC Cirrhosis HCC

(n=46) (n=28) (n=31) (n=18) (n=63) (n=25)

Male (n=28; Male (n=20; Male (n=17; Male (n=13; Male (n=34; Male (n=15;
60.9%) 71.4%) 54.8%) 72.2%) 54.0%) 60.0%)
Female (n=18;| [Female (n=8; Female (n=14;| | Female (n=5;| | Female (n=29;| | Female (n=10;
39.1%) 28.6%) 45.2%) 27.8%) 46.0%) 40.0%)

Figure 1. Flowchart of Study Participant Enrollment.
Abbreviations: HBsAg: hepatitis B surface antigen; HBV: hepatitis B virus; HCV: hepatitis

C virus; ALT: alanine aminotransferase; AST: aspartate transaminase; US: ultrasonography;
HCC: hepatocellular carcinoma; NAFLD: nonalcoholic fatty liver disease.
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Figure 2.
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Cumulative Risk of Cirrhosis Among (A) Total Population, (B) Nonobese (BMI <25 kg/m?)

Group, and (C) Nonobese Without Diabetes Group.
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Figure 3.
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Cumulative Risk of Hepatocellular Carcinoma Among (A) Total Population, (B) Nonobese
(BMI <25 kg/m?2) Group, and (C) Nonobese Without Diabetes Group.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Huang et al. Page 15

Table 1.
Baseline Characteristics of Study Population
Non-lgl?gol_lD (n= NAFLD withanormal liver I’?\gf;’%%‘tg |ier3/%1§a(ze(=j
801) enzyme levels™ (n = 41,461) 21,112)
Baseline characteristics n (%) n (%) n (%) P valueb P value®
Age,y
<50 52,099 78.0 25,171 60.7 14,937 70.8 <.0001 <.0001
50-59 8414 12.6 9006 217 3746 17.7
60-69 4284 6.4 5277 12.7 1853 8.8
=270 2004 3.0 2007 4.8 576 2.7
Means = SD 42.36+11.11 47.32+11.98 4438 +11.11 <.0001 <.0001
Sex
Female 44,386 66.4 17,138 41.3 6168 29.2 <.0001 <.0001
Male 22,415 33.6 24,323 58.7 14,944 70.8
Cigarette smoking
Never 54,120 81.9 29,446 72.0 13,897 66.7 <.0001 <.0001
Ever 11,968 18.1 11,445 28.0 6942 33.3
Missing 713 570 273
Platelet count, 209 uL
2200 56,056 83.9 35,757 86.3 18,514 87.7 <.0001 <.0001
<200 10,744 16.1 5702 13.8 2597 12.3
Missing 1 2 1
AFP level, ng/mL
<5 60,496 90.9 37,276 90.1 18,772 89.1 <.0001 .0001
25 6043 9.1 4093 9.9 2290 10.9
Missing 262 92 50
Triglyceride level, mg/dL
<150 61,748 92.4 27,820 67.10 9930 47.0 <.0001 <.0001
2150 5053 7.6 13,641 32.90 11,182 53.0
Total cholesterol level, mg/dL
<200 42,744 64.0 20,540 49.5 8715 41.3 <.0001 <.0001
2200 24,057 36.0 20,920 50.5 12,396 58.7
Missing 0 1 1
Diabetesd
No 65,635 98.3 37,675 90.9 18,372 87.0 <.0001 <.0001
Yes 1164 1.7 3779 9.1 2738 13.0
Missing 2 7 2

NOTE. N=129,374.

AFP, a-fetoprotein; NAFLD, nonalcoholic fatty liver disease.

aNormaI liver enzyme levels were defined as an ALT level <40 IU/L and an AST level <37 IU/L for men and an ALT level <31 IU/L and an AST
level <31 I1U/L for women.
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bComparisons of the non-NAFLD and NAFLD study participants with normal liver enzyme levels.
5 . . . .
Comparisons between normal and increased liver enzyme levels among NAFLD participants.

dDiabetes was defined as a fasting blood glucose level of 2126 mg/dL or self-reported on the use of diabetes medications.
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Risk for Liver Cirrhosis and Hepatocellular Carcinoma According to NAFLD Status

Table 3.

Crude Adjusted
Outcome HR (95% CI) Pvalue HR (95% CI) P value
Cirrhosis
Total population
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymesf 1.09 (0.69-1.72) 7064  0.73 (0.46-1.16) .1832
NAFLD/elevated liver enzymes  4.47 (3.05-6.53) <.0001 3.51(2.36-5.22) <.0001
Pfor trend <.0001 Pfor trend <.0001
Nonobese (BMI <25 kg/m?)
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymesf 1.28 (0.71-2.31) 4176 0.77 (0.42-1.41) .3980
NAFLD/elevated liver enzymes ~ 7.05 (4.27-11.64)  <.0001 4.48 (2.66-7.55)  <.0001
Pfor trend <.0001 Pfor trend <.0001
Nonobese and without diabetes
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymes 7 1.09 (0.55-2.18) .8028  0.79 (0.39-1.60) 5158
NAFLD/elevated liver enzymes  6.60 (3.75-11.62)  <.0001 5.22 (2.94-9.27)  <.0001
Pfor trend <.0001 Pfor trend <.0001
Hepatocellular carcinoma
Total population
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymesf 1.04 (0.58-1.88) .8970  0.57 (0.31-1.04) .0646
NAFLD/elevated liver enzymes  2.90 (1.69-4.98) .0001 1.91(1.08-3.38) .0256
Pfor trend .0004  Pfor trend .0005
Nonobese (BMI <25 kg/m?)
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymes 7 1.14 (0.53-2.48) 7345  0.67 (0.31-1.49) .3292
NAFLD/elevated liver enzymes  3.32 (1.48-7.46) .0036 2.27 (0.99-5.23) .0542
Pfor trend .0147  Pfor trend .0405
Nonobese and without diabetes
Non-NAFLD 1.00 (reference) 1.00 (reference)
NAFLD/normal liver enzymes 7 0.71 (0.27-1.88) 4896  0.49 (0.18-1.31) 1561
NAFLD/elevated liver enzymes  2.36 (0.89-6.26) .0845  1.99 (0.74-5.30) 1707
Pfor trend .3201  Pfor trend .0888

Abbreviation: NAFLD: nonalcoholic fatty liver disease; Cl: confidence interval; HR: hazard ratio.

Adjusted for age, sex, platelet count, alpha-fetoprotein, and diabetes.

fNormaI liver enzymes defined by ALT < 40 and AST < 37 IU/L for male and ALT < 31 and AST < 31 IU/L for female participants.
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