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Abstract

Background

Many studies have investigated the prognosis of nonalcoholic fatty liver disease (NAFLD);

however, most studies had a relatively short follow-up. To elucidate the long-term outcome

of NAFLD, we conducted a retrospective cohort study of patients with biopsy-proven

NAFLD.

Methods

We re-evaluated 6080 patients who underwent liver biopsy from 1975 to 2012 and identified

NAFLD patients without other etiologies. With follow-up these patients, we evaluated the

outcome-associated factors.

Results

A total of 223 patients were enrolled, 167 (74.9%) was non-alcoholic steatohepatitis

(NASH). The median follow-up was 19.5 (0.5–41.0) years and 4248.3 person-years. The

risk of type 2 diabetes mellitus (T2DM) and hypertension was 11.7 (95% confidence interval

[CI] 8.70–15.6) and 7.99 (95% CI 6.09–10.5) times higher, respectively, in NAFLD patients

than in the general population. Twenty-three patients died, 22 of whom had NASH. Major

causes of death were extrahepatic malignancy and cardiovascular disease (21.7%) followed

by liver-related mortality (13.0%). All-cause mortality was significantly higher in NASH

patients than in nonalcoholic fatty liver patients (P = 0.041). In multivariate analysis, older

age (hazard ratio [HR] 1.09 [95% CI 1.05–1.14], P<0.001) and T2DM (HR 2.87 [95% CI

1.12–7.04], P = 0.021) were significantly associated with all-cause mortality. The factors sig-

nificantly associated with liver-related events were older age, T2DM, milder hepatic
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steatosis, and advanced liver fibrosis. Body mass index wasn’t associated with either mor-

tality or liver-related events.

Conclusions

T2DM was highly prevalent in NAFLD patients and was significantly associated with both

all-cause mortality and liver-related events. The lean patients’ prognosis wasn’t necessarily

better than that of overweight patients.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a hepatic phenotype of metabolic syndrome [1–5].

NAFLD is classified into nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis

(NASH). NAFL does not involve hepatic inflammation and fibrosis, whereas NASH is accom-

panied by hepatic inflammation, necrosis, and fibrosis, and can progress to liver cirrhosis and

hepatocellular carcinoma (HCC) [6]. NAFLD is closely associated with obesity, insulin resis-

tance, type 2 diabetes mellitus (T2DM), hypertension, hyperlipidemia, and metabolic syn-

drome. The World Health Organization (WHO) defined overweight and obesity as body mass

index (BMI)�25 and�30 kg/m2, respectively. According to WHO global estimates, 39% and

13% of the adult population were overweight and obese, respectively, in 2016. The population

of obese people is growing rapidly, with the worldwide prevalence of obesity having tripled

between 1975 and 2016 [7]. The prevalence of NAFLD globally is estimated to be 25% [8]. It

varies by geographic area, with the highest prevalence reported in the Middle East (32%) and

South America (30%) and the lowest in Africa (13%). Ethnicity affects the vulnerability to

NAFLD, which has a high prevalence in Hispanics and low prevalence in African Americans.

A polymorphism in the patatin-like phospholipase domain containing 3 (PNPLA3) gene is

one of the genetic factors that contribute to the geographic difference in NAFLD prevalence

[4]. The PNPLA3 gene encodes a triacylglycerol lipase that hydrolyzes triacylglycerol in adipo-

cytes [9]. The frequency of the G (I148M) allele (rs738409) in this gene, which has been shown

to be associated with increased liver fat content, was reported to be high in Hispanics and low

in African Americans [4]. Along with the increase in the obese population, the population of

NAFLD patients is also increasing [5, 10]. In China, the prevalence of NAFLD increased from

18.2% in 2000–2006 to 20.9% in 2010–2013 [11]. In a Japanese study analyzing almost 40,000

health checkup examinees, the prevalence of NAFLD diagnosed by abdominal ultrasonogra-

phy rapidly increased from 12.6% in 1989 to 30.3% in 2000 [12].

NASH is an aggressive form of NAFLD. NASH, which can be diagnosed only by liver his-

tology, can progress to liver cirrhosis, HCC, and liver failure. In the USA, NASH is already one

of the most frequent etiologies for liver transplantation [3]. The prevalence of NASH is esti-

mated to range from 6.7% to 29.9% in NAFLD patients and from 1.5% to 6.5% in the general

population [2, 5]. Several studies have investigated the prognosis of NAFLD. The mortality of

435 patients with NAFLD diagnosed by imaging or liver biopsy was higher than the expected

mortality of the general population (standardized mortality ratio 1.34, 95% confidence interval

[CI] 1.003–1.76, P = 0.03) [13]. Patients with biopsy-proven NAFLD also had a higher mortal-

ity than the reference population (hazard ratio [HR] 1.29, 95% CI 1.04–1.59, P = 0.02) [14]. On

the other hand, several studies (including meta-analysis) did not find an association between

NAFLD and high mortality [15–17]. The most common cause of death in NAFLD patients is

cardiovascular disease [14, 18]. In a cohort study including 229 patients with biopsy-proven
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NAFLD with a mean follow-up period of 26.4 years, NAFLD was associated with an increased

risk of death from cardiovascular disease compared with the reference population (HR 1.55,

95% CI 1.11–2.15, P = 0.01) [14]. However, a recent meta-analysis could not demonstrate the

association of NAFLD with increased mortality from cardiovascular disease [17, 19]. Consid-

ering that controversies remain, more high-quality studies are required to clarify the outcome

of NAFLD.

The existence of lean NAFLD is attracting much attention. Although lean NAFLD has not

been clearly defined, BMI <25 kg/m2 is generally applied. The prevalence of lean NAFLD was

7% in the USA, whereas a greater prevalence (>20%) was reported in Asian countries [4, 20].

Lean NAFLD is believed to have better prognosis than overweight/obese NAFLD [21]; how-

ever, a recent Japanese study [22] revealed that advanced fibrosis was not uncommon in lean

NAFLD patients, especially in women. In a total of 762 patients with biopsy-proven NAFLD,

advanced fibrosis (stage 3–4) was recognized in 31.0%, 41.6%, and 60.9% of lean (<25 kg/m2),

overweight (25–30 kg/m2), and obese (�30 kg/m2) men, respectively, and in 51.4%, 62.9%,

and 33.7% of lean, overweight, and obese women, respectively. More studies are needed to elu-

cidate the characteristics and natural history of lean NAFLD.

In this study, we analyzed the prognosis of 223 patients with biopsy-proven NAFLD with a

median follow-up of 19.5 (range 0.5–41.0) years and 4248.3 person-years. We found that older

age and the presence of T2DM as a comorbidity were significantly associated with all-cause

mortality. In addition to the above factors, milder steatosis and advanced fibrosis were signifi-

cant predictors of the occurrence of liver-related events. The prognosis was not significantly

different between lean and overweight NAFLD patients.

Methods

Patients

In this retrospective cohort study, we reviewed consecutive patients who underwent liver

biopsy from March 1975 to December 2012 at Tokai University Hospital, a referral hospital in

the mid-western part of Kanagawa Prefecture with approximately 580,000 inhabitants. Most

patients referred to our hospital due to liver dysfunction underwent liver biopsy to make a def-

inite diagnosis. We enrolled those with a histological diagnosis of fatty liver. We excluded

patients with other etiologies, such as (1) viral infection including hepatitis B virus (HBV) and

hepatitis C virus (HCV); (2) autoimmune hepatitis (AIH), primary biliary cholangitis (PBC),

and primary sclerosing cholangitis (PSC); (3) alcoholic liver diseases (ethanol consumption

per week�210 g in men and�140 g in women); (4) drug-induced liver injury; (5) genetic

liver diseases such as Wilson disease and hemochromatosis; (6) decompensated liver cirrhosis,

liver failure, and HCC at baseline; (7) presence of uncontrolled extrahepatic malignancy or

cardiovascular disease; and (8) follow-up period <6 months. This study was approved by the

Institutional Review Board for Clinical Research at Tokai University (11R-222) and performed

in accordance with the Declaration of Helsinki.

We collected information on age, sex, body weight, BMI, lifestyle, comorbidities, and labo-

ratory data at the time of liver biopsy. We investigated the patients’ current status if they con-

tinued to visit our hospital. We also conducted a questionnaire survey (S1 and S2 Files). The

questionnaire was mailed to the patients and consisted of questions on their current status,

lifestyle and comorbidities, and date and cause of death in mortality cases. From data collected

from medical charts and questionnaires we analyzed the overall mortality, liver-related events

(defined as the occurrence of HCC, decompensation, spontaneous bacterial peritonitis, vari-

ceal bleeding, and hepatic encephalopathy), and risk of comorbidities in this cohort. The last

observation date was set to December 31, 2016. We accessed the database and medical records
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from January 2017 to April 2019. The history of alcohol consumption was carefully investi-

gated through medical charts and questionnaire responses. Alcohol consumption was also

recorded at the first visit, at the time of liver biopsy, and returned visits, and patients consum-

ing alcohol exceeding the criteria described above were excluded. Patients with a previous

diagnosis of diabetes mellitus or with fasting glucose>126 mg/dL, hemoglobin A1c�6.5%,

taking oral hypoglycemic agents, and those who revealed to be diabetic by questionnaire were

defined as diabetics. Hypertension was defined as systolic blood pressure >140 mmHg and/or

diastolic blood pressure�90 mmHg or requiring treatment or taking antihypertensive drugs,

and those who revealed to be hypertension by questionnaire were defined as hypertension.

Cardiovascular disease was defined as previously diagnosed coronary heart disease, cerebro-

vascular disease, peripheral vascular disease, heart failure, rheumatic heart disease, congenital

heart disease, cardiomyopathies and those who revealed to be cardiovascular disease by ques-

tionnaire were defined as cardiovascular disease. Hypertriglyceridemia was defined as fasting

triglyceride >150 mg/dL, and hypercholesterolemia was defined as total cholesterol >240 mg/

dL, taking oral antihyperlipidemic drugs, and those who revealed to be hypertriglyceridemia

or hypercholesterolemia by questionnaire were defined as hypertriglyceridemia or hypercho-

lesterolemia. As part of this follow-up study all medical records were reviewed with special

attention to information on alcohol consumption, and if viral hepatitis, especially hepatitis C

virus, had been diagnosed during follow-up.The fibrosis-4 (FIB4) index was calculated using

the following formula: age (years)×aspartate aminotransferase level (U/L)/platelet count (10 9

/L) ×alanine aminotransferase (U/L) 1/2 [23].

Liver histology

Liver biopsy was performed percutaneously or laparoscopically. Specimens stained with hema-

toxylin-eosin and azan stain were blindly re-evaluated by an experienced liver pathologist (K.

M.). Liver histology findings were scored in accordance with the NASH Clinical Research Net-

work scoring system developed by Kleiner et al [24]. NAFL and NASH were diagnosed accord-

ing to the Practice Guidance from the American Association for the Study of Liver Diseases

[2].

Statistical analysis

Numerical and dichotomous baseline variables were compared using Student’s t-test and chi-

square test, respectively, between lean and overweight patients and between female and male

patients. The time at risk was determined from the date of liver biopsy to the date of outcome

or last follow-up. The incidence of HCC was analyzed using the person-years method. The all-

cause mortality and occurrence of liver-related events were analyzed using Kaplan-Meier

curves and log-rank test. The association of baseline variables with all-cause mortality and the

occurrence of liver-related events were evaluated using a Cox proportional hazard model. The

evaluated baseline variables included age, sex, BMI, alcohol intake, presence or absence of

comorbidities (T2DM, hypertension), and pathological findings (steatosis, lobular inflamma-

tion, portal inflammation, ballooning, and fibrosis). Multivariate analysis was performed using

the significant variables in univariate analysis. Multivariate analysis was performed using the

significant variables in univariate analysis. The difference in the prevalence of T2DM and

hypertension between NAFLD patients and the general population was evaluated using the

standardized incidence ratio (SIR) and 95% CI based on the 2011 statistics database published

by Kanagawa Prefecture [25], which was the place of residence of almost all patients. Analyses

were performed using IBM SPSS Statistics version 25 software (IBM Corporation, Armonk,

NY), and P values <0.05 were considered statistically significant.
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Ethics statement

This study was approved by the Institutional Review Board for Clinical Research at Tokai Uni-

versity (11R-222) and performed in accordance with the Declaration of Helsinki. A question-

naire was mailed to all subjects and written informed consent was obtained at the same time.

Outpatients obtained written informed consent directly. For the deceased, their bereaved

agreed on their behalf. Informed consent was obtained from all subjects for inclusion in the

study. The research plan was posted on the website and bulletin board of the hospital.

Results

A total of 6080 patients underwent liver biopsy from March 1975 to December 2012 (Fig 1).

Of these, we reviewed 4095 patients who were followed up for 6 months or longer. We

excluded 3872 patients with other etiologies such as HCV infection (n = 1321), HBV infection

(n = 437), alcoholic liver disease (n = 469), AIH (n = 131), PBC (n = 104), PSC (n = 3), malig-

nancy (n = 141), and undiagnosed chronic liver disease without steatosis (n = 1266). Finally,

223 patients with a histological diagnosis of NAFLD constituted the NAFLD cohort. Of these,

56 (25.1%) and 167 (74.9%) patients had NAFL and NASH, respectively. In NASH patients,

the number of patients with fibrosis stage 0, 1, 2, 3, and 4 was 54 (32.3%), 40 (24.0%), 39

(23.4%), 25 (15.0%), and 9 (5.4%), respectively. We received a response to questionnaires from

111 patients (49.8%). Ninety patients (40.4%) were lost to follow-up.

The baseline demographic, clinical, and histological characteristics were compared between

lean (BMI <25 kg/m2) and overweight (BMI�25 kg/m2) patients (Table 1). The percentage of

lean and overweight patients was 45.7% and 54.3%, respectively. The prevalence of T2DM was

marginally greater in overweight patients (15.7% vs. 26.4%, P = 0.051). There were no signifi-

cant differences in the prevalence of other comorbidities including dyslipidemia, hyperurice-

mia, hypertension, ischemic heart disease, and cerebrovascular disease. In liver histology, the

incidence of NASH was 68.6% in lean patients, which was significantly smaller than that in

Fig 1. Algorithm of patient selection. NAFLD, nonalcoholic fatty liver disease; NAFL, nonalcoholic fatty liver;

NASH, nonalcoholic steatohepatitis.

https://doi.org/10.1371/journal.pone.0241770.g001
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overweight patients (80.2%, P = 0.048). Grade�2 steatosis, stage�3 fibrosis, and presence of

ballooning was less frequently observed in lean patients than in overweight patients: grade�2

steatosis, 53.9% vs. 71.9% (P = 0.005); stage�3 fibrosis: 7.8% vs. 23.1% (P = 0.002); and pres-

ence of ballooning; 73.5% vs. 92.6% (P<0.001). Details of histological findings including stea-

tosis, lobular inflammation, portal inflammation, ballooning, and fibrosis, are shown in S1

Table. With respect to age, female patients were significantly older by approximately 10 years

than male patients in both the lean and overweight groups. The proportions of drinkers and

smokers in female patients were smaller than those in male patients. Notably, the incidence of

advanced fibrosis was significantly greater in female patients than in male patients irrespective

of whether they were lean or overweight (lean patients: 18.2% vs. 2.9%, P = 0.013; overweight

patients: 40.5% vs. 13.9%, P = 0.001). In laboratory data, white blood cell count was lower in

lean patients (mean ± SD: 5990 ± 1745 /μL vs. 6743 ± 2014 /μL, P = 0.009; S2 Table). The

serum transaminase levels, albumin, platelet count, and FIB4 index did not significantly differ

between lean and overweight patients. When compared between female and male patients,

white blood cell count and serum albumin level were lower and the FIB4 index was higher in

female patients than in male patients.

We calculated the SIR of T2DM and hypertension in comparison with the general popula-

tion (Table 2). The risk of T2DM was 11.7 (95% CI 8.70–15.6) times higher in NAFLD patients

Table 1. Baseline demographic, clinical and histological characteristics.

Variables Lean a (n = 102) Overweight b (n = 121)

Total Female Male P value c Total (n = 121) Female Male P value d P value e

(n = 102) (n = 33) (n = 69) (n = 42) (n = 79)

Age (years) 43.7 ± 14.1 49.8 ± 26.7 40.7 ± 11.8 0.002 42.9 ± 14.3 50.3 ± 12.9 39.0 ± 13.6 < 0.001 0.7

Weight (kg) 59.6 ± 8.8 50.5 ± 6.5 63.9 ± 6.0 < 0.001 76.5 ± 14.5 68.2 ± 8.9 81.0 ± 15.0 < 0.001 < 0.001

BMI (kg/m2) 22.3 ± 2.1 21.5 ± 2.6 22.7 ± 1.7 0.005 30.0 ± 3.6 29.0 ± 2.9 28.9 ± 4.0 0.89 < 0.001

Alcohol intake f 18 (17.6) 1 (3.0) 17 (24.6) 0.007 18 (14.9) 3 (7.1) 15 (19.0) 0.081 0.58

Smoking 41 (40.2) 3 (9.1) 38 (55.1) < 0.001 39 (32.2) 6 (14.3) 33 (41.8) 0.002 0.22

Comorbidities

Diabetes 16 (15.7) 6 (18.2) 10 (14.5) 0.63 32 (26.4) 12 (28.6) 20 (25.3) 0.7 0.051

Dyslipidemia 8 (7.8) 4 (12.1) 4 (5.8) 0.27 8 (6.6) 1 (2.4) 7 (8.9) 0.26 0.72

Hyperuricemia 2 (2.0) 0 (0.0) 2 (2.9) 1 5 (4.1) 0 (0.0) 5 (6.3) 0.16 0.46

Hypertension 24 (23.5) 10 (30.3) 14 (20.3) 0.27 32 (26.4) 15 (35.7 17 (21.5) 0.092 0.62

Cardiovascular disease 1 (1.0) 0 (0.0) 1 (1.4) 1 5 (4.1) 2 (4.8) 3 (3.8) 1 0.15

Pathology

NASH 70 (68.6) 26 (78.8) 44 (63.8) 0.13 97 (80.2) 33 (78.6) 64 (81.0) 0.75 0.048

Steatosis, grade�2 55 (53.9) 16 (48.5) 39 (56.5) 0.45 87 (71.9) 26 (61.9) 61 (77.2) 0.074 0.005

Lobular inflammation, grade�2 15 (14.7) 6 (18.2) 9 (13.0) 0.56 29 (25.0) 12 (28.6) 17 (21.5) 0.39 0.083

Portal inflammation, grade�2 15 (14.7) 8 (24.2) 7 (10.1) 0.076 28 (23.1) 14 (33.3) 14 (17.7) 0.053 0.11

Ballooning, grade�1 75 (73.5) 24 (72.7) 51 (73.9) 0.9 112 (92.6) 39 (92.9) 73 (92.4) 1 < 0.001

Fibrosis, stage�3 8 (7.8) 6 (18.2) 2 (2.9) 0.013 28 (23.1) 17 (40.5) 11 (13.9) 0.001 0.002

Data are presented as mean ± standard deviation or number (%) of patients.

a. Lean, BMI < 25 kg/m2

b. Overweight, BMI� 25 kg/m2

c. Female vs male in lean patients.

d. Female vs male in overweight patients.

e. Lean patients vs overweight patients.

f. Alcohol intake < 210 g/week for men and < 140 g/week for women.

https://doi.org/10.1371/journal.pone.0241770.t001
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than in the general population. The risk of hypertension was also higher in NAFLD patients

(7.99 [95% CI 6.09–10.5]) than in the general population. Although the risk of T2DM and

hypertension was higher in overweight patients than in lean patients, the difference was not

significant. The median duration of follow-up for this cohort was 19.5 (range, 0.5–41.0) years,

with a total of 4248.3 person-years of follow-up (PYF). A total of 23 patients died, most of

whom had NASH (22 patients, 95.7%). The causes of death were extrahepatic malignancy

(n = 5, 21.7%); cardiovascular disease (n = 5, 21.7%); liver-related causes (n = 3, 13.0%) includ-

ing HCC (n = 1, 4.3%); other causes including respiratory disease, renal disease, and duodenal

ulcer (n = 5, 21.7%); and unknown (n = 5, 21.7%). The number of all-cause deaths per 1000

PYF was 0.92 (95% CI 0.16–5.2) in NAFL patients, whereas it was 7.0 (95% CI 4.6–10.6) per

1000 PYF in NASH patients (Table 3). Although not significant, overweight, T2DM, and

advanced fibrosis caused greater all-cause mortality calculated per 1000 PYF than their coun-

terparts (overweight: 3.6 [95% CI 1.8–7.1] vs. 7.5 [95% CI 4.5–12.3], T2DM: 4.0 [95% CI 2.4–

6.7] vs. 10.5 [95% CI 5.5–19.9], and advanced fibrosis: 4.6 [95% CI 2.9–7.2] vs. 13.8 [95% CI:

6.3–30.1]).

We analyzed the variables related to all-cause mortality. NASH patients showed signifi-

cantly poorer survival than NAFL patients (P = 0.041, Fig 2A). We also analyzed the associa-

tion of baseline variables with survival. In univariate analysis, older age, female sex, BMI�25

kg/m2 (Fig 2B), presence of T2DM, and fibrosis stage�3 were associated with poor survival

(Table 4). Advanced fibrosis (stage 3–4) was associated with poorer survival than stage 0 (HR

5.0, 95% CI 1.69–14.9, P = 0.004). In multivariate analysis, however, T2DM was the only

Table 2. Standardized incidence ratio (SIR) of diabetes and hypertension in NAFLD patients compared with the general population.

Comorbidities Total Lean a Overweight b

(n = 223) (n = 102) (n = 121)

Diabetes 11.7 (8.70–15.6) 8.16 (4.83–13.6) 14.8 (10.3–21.2)

Hypertension 7.99 (6.09–10.5) 6.88 (4.51–10.4) 9.09 (6.32–13.0)

Each value represents SIR (95% confidence interval) in the NAFLD patients when SIR in the general population is adjusted to 1.

a. Lean, BMI <25 kg/m2

b. Overweight, BMI�25 kg/m2.

https://doi.org/10.1371/journal.pone.0241770.t002

Table 3. All-cause mortality and liver-related events per 1000 person-year of follow-up.

All-cause mortality Liver-related events

Variables Patients number (n) PYF a Death (n) Per 1000 PYF (95% CI) b PYF Events (n) Per 1000 PYF (95% CI)

BMI (kg/m2) < 25 102 2234.6 8 3.6 (1.8–7.1) 2153.3 5 2.3 (0.99–5.4)

� 25 121 2013.7 15 7.5 (4.5–12.3) 1969.8 9 4.6 (2.4–8.7)

Diabetes no 175 3390.1 14 4.0 (2.4–6.7) 3321.9 7 2.1 (1.0–4.4)

yes 48 858.2 9 10.5 (5.5–19.9) 801.1 7 8.7 (4.2–18.0)

NAFLD NAFL 56 1092.1 1 0.92 (0.16–5.2) 1062.3 1 0.94 (0.17–5.3)

NASH 167 3156.2 22 7.0 (4.6–10.6) 3060.7 13 4.3 (2.5–7.3)

Steatosis grade < 2 81 1564.8 10 6.4 (3.5–11.8) 1471.5 10 6.8 (3.7–12.5)

� 2 142 2683.5 13 4.8 (2.8–8.3) 2651.5 4 1.5 (0.60–3.9)

Fibrosis stage � 2 187 3813.0 17 4.6 (2.9–7.2) 3721.6 6 1.6 (0.74–3.5)

� 3 36 435.3 6 13.8 (6.3–30.1) 401.4 8 19.9 (10.1–39.3)

a PYF, person-year of follow-up

b CI, confidence interval

https://doi.org/10.1371/journal.pone.0241770.t003
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significant variable associated with all-cause mortality (HR 2.87, 95% CI 1.12–7.04, P = 0.021;

Table 4, Fig 2C). A total of 14 liver-related events were observed. Patients with advanced fibro-

sis more frequently experienced liver-related events than those without advanced fibrosis (1.6

[95% CI 0.74–3.5] vs. 19.9 [95% CI 10.1–39.3] per 1000 PYF, Table 3). Six patients developed

HCC, all of whom had NASH. One of these patients died of HCC. The incidence of HCC was

analyzed using the person-year method because the number of patients who developed HCC

was small. HCC occurred at 0.77 (95% CI 0.26–2.25) and 9.88 (95% CI 3.36–29.1) per 1000

PYF in patients with fibrosis stage 0–2 and in those with fibrosis stage 3–4, respectively. There-

fore, the incidence of HCC was significantly higher in patients with advanced fibrosis. Further,

we analyzed the association of baseline variables with the occurrence of liver-related events

(Table 5). The occurrence of liver-related events was not different between lean and over-

weight patients even in univariate analysis. Multivariate analysis revealed that older age, pres-

ence of T2DM (Fig 3A), milder hepatic steatosis (grade 0–1, Fig 3B), and advanced liver

fibrosis (stage 3–4, Fig 3C) were significantly associated with the occurrence of liver-related

events. BMI�22 kg/m2 was also analyzed as one of the predictors of all-cause mortality, occur-

rence of liver-related events, and occurrence of HCC, but it was shown that, like BMI�25 kg/

m2, it was not a significant predictor (S3–S6 Tables, S1 and S2 Figs).

Fig 2. All-cause mortality in patients with nonalcoholic fatty liver disease (NAFLD). (A) All-cause mortality in NAFL and NASH patients. (B) All-

cause mortality in lean and overweight NAFLD patients. (C) All-cause mortality in NAFLD patients with and without type 2 diabetes mellitus.

https://doi.org/10.1371/journal.pone.0241770.g002
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Discussion

Through a long-term follow-up study of biopsy-proven NAFLD over 19 years, we demon-

strated the following findings: (1) the prevalence of T2DM and hypertension was higher in

NAFLD patients than in the general population; (2) the most common causes of death were

extrahepatic malignancy and cardiovascular disease followed by liver-related mortality; (3)

older age and T2DM were associated with all-cause mortality; (4) older age, T2DM, milder

steatosis, and advanced fibrosis were associated with the occurrence of liver-related events;

and (5) the prognosis was not significantly different between lean and overweight patients.

Of 223 patients who underwent liver biopsy, 25% and 75% patients were diagnosed with

NAFL and NASH, respectively. Considering that NASH represents 7–30% of NAFLD [8], the

percentage of 75% seems high. This discrepancy may be explained by the presence of a selec-

tion bias. Patients requiring liver biopsy were assumed to have relatively advanced liver dis-

ease. In fact, a meta-analysis showed that the prevalence of NASH among NAFLD patients

Table 4. Factors associated with all-cause mortality among the NAFLD patients.

Variables a Univariate Multivariate b

HR c 95% CI d P value HR 95% CI P value

Age (years) 1.09 1.05–1.14 < 0.001 1.09 1.05–1.14 < 0.001

Gender, male 0.34 0.15–0.78 0.011 0.72 0.29–1.8 0.49

BMI� 25 kg/m2 2.44 1.03–5.79 0.044 2.35 0.93–5.92 0.071

Comorbidities

Diabetes, yes 3.02 1.28–7.13 0.012 2.87 1.12–7.04 0.021

Pathological findings

Fibrosis stage 0 reference reference

1–2 1.34 0.53–3.5 0.54 1.39 0.52–3.68 0.51

3–4 5 1.69–14.9 0.004 2.39 0.71–8.0 0.16

a. Listed are variables that are significantly associated with all-cause mortality by univariate analysis.

b. Multivariate analysis is performed using variables significantly associated with all-cause mortality by univariate analysis.

c. HR, hazard ratio

d. CI, confidence interval

https://doi.org/10.1371/journal.pone.0241770.t004

Table 5. Factors associated with the occurrence of liver-related events among the NAFLD patients.

Variables a Univariate Multivariate b

HR c 95% CI d P value HR 95% CI P value

Age (years) 1.11 1.06–1.17 < 0.001 1.12 1.04–1.19 0.001

Gender, male 0.12 0.033–0.43 0.001 0.33 0.08–1.26 0.10

Comorbidities

Diabetes, yes 3.96 1.39–11.3 0.010 6.08 1.79–20.7 0.004

Pathological findings

Steatosis, grade� 2 0.22 0.068–0.70 0.010 0.23 0.07–0.77 0.018

Fibrosis stage 0 reference reference

1–2 1.14 0.23–5.64 0.87 1.53 0.29–8.22 0.62

3–4 10.8 2.81–41.4 0.001 5.87 1.41–24.4 0.015

a. Listed are variables that are significantly associated with liver-related events by univariate analysis.

b. Multivariate analysis is performed using variables significantly associated with the occurrence of liver-related events by univariate analysis.

c. HR, hazard ratio

d. CI, confidence interval

https://doi.org/10.1371/journal.pone.0241770.t005
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with an indication for biopsy were 63.45% (95% CI 47.68–76.79) in Asia, 69.25% (95% CI

55.93–79.98) in Europe, and 60.64% (95% CI 49.56–70.72) in North America [8]. The propor-

tion of overweight individuals was marginally greater in the NASH group than in the NAFL

group (58.1% vs. 42.9%, P = 0.048; S1 Table), although the difference in BMI was not statisti-

cally significant. The aforementioned meta-analysis [8] revealed that the obesity prevalence

estimates were 51.3% (95% CI 41.4–61.2) among NAFLD patients and 81.8% (95% CI 55.2–

94.3) among NASH patients. The obesity prevalence among the NASH patients in our cohort

might be lower than that reported in the meta-analysis. This difference may be caused by the

differences in patient characteristics, such as ethnicity.

As comorbidities of NAFLD in this cohort, the prevalence of T2DM and hypertension was

11.7 (95% CI 8.70–15.6) and 7.99 (95% CI 6.09–10.5) times greater, respectively, than in the

general population. This observation agrees with the concept of NAFLD as a hepatic pheno-

type of metabolic syndrome. Although the prevalence of T2DM and hypertension in over-

weight patients was greater than that in lean patients, the difference was not significant.

Therefore, this suggests that NAFLD patients have a higher risk of T2DM and hypertension

even if they are not obese.

Fig 3. Cumulative occurrence rate of liver-related events. (A) Cumulative occurrence rate of liver-related events in patients with nonalcoholic

fatty liver disease (NAFLD) with and without type 2 diabetes mellitus. (B) Cumulative occurrence rate of liver-related events in NALFD patients

with grade<2 steatosis and those with grade�2 steatosis. (C) Cumulative occurrence rate of liver-related events in NALFD patients with stage�2

fibrosis and in those with stage�3 fibrosis.

https://doi.org/10.1371/journal.pone.0241770.g003
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A total of 23 patients in our cohort died, with most of them (22 patients) having NASH.

The most common causes of death were extrahepatic malignancy (21.7%) and cardiovascular

disease (21.7%) followed by liver-related mortality (13.0%). These results are in agreement

with a number of previous studies demonstrating that cardiovascular disease [14, 16, 18, 21,

26–29], extrahepatic malignancy [13, 14, 30, 31], and liver-related mortality [15, 32, 33] were

the leading causes of death in NAFLD patients. Notably, only 1 (1.8%) of 56 patients with

NAFL died during the 19 years follow-up, whereas 22 (13.2%) of 167 patients with NASH

died. Therefore, NAFL might be a benign disease [15]. In multivariate analysis, older age (HR

1.09, 95% CI 1.05–1.14) and the presence of T2DM (HR 2.87, 95% CI 1.12–7.04) were the fac-

tors associated with all-cause mortality. Several studies associated T2DM with all-cause mor-

tality with an HR ranging from 1.6 to 2.7 [13, 14, 26, 27, 29]. T2DM is well known to increase

the incidence of neoplasms [34], presumably through the continuous increase in serum insulin

and insulin-like growth factors levels [35]. T2DM is also associated with the incidence of car-

diovascular disease [36] Adams et al. [14] conducted a community-based cohort study com-

paring 116 diabetic patients with NAFLD (most were diagnosed by imaging) with 221 diabetic

patients without NAFLD. According to their study, NAFLD was significantly associated with

overall mortality (HR 2.3, 95% CI 1.1–4.2, P = 0.03) but was not associated with mortality

either from malignancy (HR 2.3, 95% CI 0.9–5.9, P = 0.09) or cardiovascular disease (HR 0.9,

95% CI 0.3–2.4, P = 0.81). A recent meta-analysis [37] including 14 studies reached the same

conclusion. In brief, NAFLD increased the all-cause mortality (HR 1.34, 95% CI 1.17–1.54),

whereas it did not increase the mortality from cardiovascular disease (HR 1.13, 95% CI 0.92–

1.38) and malignancy (HR 1.05, 95% CI 0.89–1.25). Therefore, not NAFLD itself but NAFLD

coexisting T2DM may largely contribute to the increase in mortality from cardiovascular dis-

ease and malignancy.

In our study, older age, T2DM, milder steatosis, and advanced fibrosis were associated with

the occurrence of liver-related events. Many studies associated advanced fibrosis with all-cause

mortality and the risk of liver-related events [14, 18, 27, 28]. A recent meta-analysis [38] dem-

onstrated that both all-cause and liver-related mortality risks increased along with the progres-

sion of fibrosis. In our study, fibrosis was extracted as a significant predictive variable for liver-

related events but not for all-cause mortality. The reason of this discrepancy is unclear, but the

difference in ethnicity might have influenced the outcomes. In the study of Ekstedt et al. [14],

advanced fibrosis was significantly associated with all-cause mortality, but this association was

no longer significant when analysis was performed after excluding T2DM patients. These

results suggest a strong association between T2DM and mortality in NAFLD as others [13]

and we demonstrated (Table 6).

Very few studies have investigated the relationship between hepatic steatosis and mortality.

According to Angulo et al. [27], the extent of steatosis was not associated with either all-cause

mortality or liver-related events. We found a weak relation between hepatic fibrosis and steato-

sis: steatosis decreased along with the progression of fibrosis (Pearson’s correlation coefficient,

r = 0.163, P = 0.013, S7 Table). Therefore, reduced steatosis with moderate fibrosis may be a

factor leading to “burnt-out” NASH, which is considered as late stage NASH accompanying

loss of hepatic fat [13, 39]. Further investigations are necessary to elucidate the impact of stea-

tosis on the prognosis of NAFLD.

Patients with T2DM had a six times greater risk of liver-related events and all-cause mortal-

ity than those without T2DM. T2DM not only increases the risk of HCC occurrence but also

accelerates the progression of fibrosis, although the mechanism by which T2DM induces fibro-

sis remains unclear. Adams et al. [13] analyzed the histological changes in 103 NAFLD patients

who underwent serial liver biopsies and demonstrated that T2DM, high BMI, and mild fibrosis

at baseline were factors associated with fibrosis progression. Tada et al. [40] analyzed the
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Table 6. Cohort studies on histologically diagnosed NAFLD.

Study Location

Time period

NAFLD/

NASH n

(%)

Men

n (%)

Age (years)

mean±SD

BMI (kg/

m2) mean

±SD

Comorbidities

n (%)

Follow-up

(years)

median

(range)

Fibrosis

stages

Variables associated with

prognosis

Reference

0/1/2/3/4

(%)

all-cause

mortality

liver-related

mortality

HR (95%CI) HR (95%CI)

Younossi

et al.

USA NAFL 78

(37)

79

(38)

NAFLD

48.1 ± 15.3

NAFL

34.9 ± 10.8

diabetes 43 (21) 12.2 (IQRa

4.9–15.5)

23/28/

14/22/13

not

mentioned

advanced

fibrosis: HR

5.7 (1.5–

21.5)

50

retrospective not listed NASH 131

(63)

NASH

49.1 ± 14.4

NASH

37.4 ± 10.3

hyperlipidemia

47 (23)

Ekstedt et al. Sweden NAFLD

229

149

(65)

48.8 ± 12.8 28.3 ± 3.7 diabetes 31 (14) mean ± SD F0-2/3-4: advanced

fibrosis (F3-

4): HR 3.3

(2.3–4.8)

advanced

fibrosis: HR

10.8 (1.4–

83.9)

14

prospective 1980-1993 hypertension

130 (57)

26.4 ± 5.6 88.8/11.2

hyperlipidemia

78 (34)

Angulo et al. Multinational NAFL 335

(54)

232

(38)

median

(range) 49

(38–60)

median

(range)

30.7 (26.4–

36.5)

diabetes 232

(38)

12.6 (0.3–

35.1)

52/23/

14/9/3

Fibrosis

stage 0:

reference

Fibrosis

stage 0:

reference

27

retrospective 1975-2005 NASH 284

(46)

hypertension

190 (31)

stage 1: HR

1.8 (1.2–2.8)

stage 1: HR

2.4 (0.6–8.9)

stage 2: HR

1.9 (1.2–3.0)

stage 2: HR

7.5 (2.3–

24.9)

stage 3: HR

1.9 (1.2–3.1)

stage 3: HR

13.8 (4.4–

43.7)

stage 4: HR

6.4 (3.4–

12.0)

stage 4: HR

47.5 (11.9–

189)

Adams et al. USA NAFLD

435 biopsy

(n = 65)

NASH 49

(75)

231

(49)

49 ± 15 33.5 ± 6.5 diabetes 299

(26)

7.6 (0.1–

23.5)

biopsy

(n = 65)

age(per

decade): HR

2.2(1.7–2.7)

not

mentioned

13

prospective 1980–2000 hypertension

155 (36)

36/18/

15/18/13

IFGb/

diabetes: HR

2.6 (1.3–5.2)

cirrhosis: HR

3.1 (1.2–7.8)

Hirose et al. Japan NAFL 56

(25)

148

(66)

43.3 ± 14.2 25.9 ± 4.5 diabetes 48 (22) 19.5 (0.5–

41.0)

43/23/

19/12/4

age (per

years): HR

1.1 (1.05–

1.1)

Liver-related

event

this paper

retrospective 1975–2016 NASH 167

(75)

hypertension 56

(25)

diabetes: HR

2.9 (1.1–7.0)

age (per

year): HR

1.1 (1.04–

1.2)

diabetes: HR

6.1 (1.8–21)

milder

steatosis: HR

4.4 (1.3–

15.2)

advanced

fibrosis: HR

5.9 (1.4–24)

a IQR, interquartile range

b IFG; Impaired fasting glucose

https://doi.org/10.1371/journal.pone.0241770.t006
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predictive factors for advanced fibrosis by following up 1562 NAFLD patients diagnosed by

imaging with less severe fibrosis for a median of 7.5 years. A total of 186 patients progressed to

advanced fibrosis, which was determined by a FIB-4 index of>2.67. T2DM was independently

associated with fibrosis progression (HR 1.88, 95% CI 1.40–25.2, P<0.001) as well as age�50

years and serum albumin concentration <4.2 g/dL. Therefore, controlling T2DM is crucial to

improve the prognosis of NAFLD.

In our study, HCC occurrence was more frequently observed in patients with advanced

fibrosis (stage 3–4, 9.88 [95% CI 3.36–29.1]/1000 PYF) than in those with mild fibrosis (stage

0–2, 0.77 [95% CI 0.26–2.25]/1000 PYF). Kanwal et al. [41] conducted a large retrospective

cohort study comparing the risk of HCC between almost 0.3 million NAFLD patients diag-

nosed according to a predefined algorithm and the same number of matched controls. The

HCC incidence in NAFLD patients was significantly higher (0.21/1000 PYF) than that in con-

trols (0.02/1000 PYF), with the highest risk among those with NAFLD cirrhosis (10.6/1000

PYF). Our results are in concordance with this previous study. Advanced fibrosis significantly

contributes to the incidence of HCC in NAFLD patients, as already shown in viral hepatitis

[42].

Lean NAFLD is now drawing considerable attention. Leung et al. [21] prospectively fol-

lowed up 72 lean (BMI<25 kg/m2) and 235 overweight (BMI�25 kg/m2) biopsy-proven

NAFLD patients. Lean patients had a lower grade of steatosis and lower stage of fibrosis than

overweight patients. The event-free survival was also better in lean patients (P = 0.019). We

could not find a significant difference in the clinical outcome between lean and overweight

patients. Advanced fibrosis was more frequently observed in lean NAFLD women than in lean

NAFLD men (18.2% vs. 2.9%, P = 0.013). In accordance with this observation, the serum albu-

min level was lower and the FIB4 index was higher in women than in men. Notably, in our

cohort, women were older than men by approximately 10 years. Although aging could affect

the progression of fibrosis, women might be vulnerable to fibrosis progression even if they are

not obese [22]. The prognosis of lean NAFLD patients is not necessarily better than that of

overweight NAFLD patients, especially in women. Further studies are required to elucidate the

outcome in lean NAFLD patients.

This study has several limitations. First, this was a retrospective cohort study performed at a

single hospital. The cohort consisted of a relatively small number of Japanese patients. The out-

come of NAFLD would be different according to ethnicity and geographic areas, which likely

harbor different lifestyles, habits, and genetic variations. Hence, our results may not represent

the characteristics and outcome of general NAFLD. Second, this study was a referral hospital-

based study, which is likely to yield a selection bias: the patient composition could deviate to

those with advanced liver disease. We did not use matched controls to evaluate the prognosis

of NAFLD patients. Third, as this study had no controls, we could not calculate relative risk

for the occurrence of T2DM and hypertension. Instead, we calculated an SIR with the 2011

Kanagawa Prefecture database as a reference. The prevalence of hypertension had been

unchanged [43], while the T2DM prevalence had been increasing [44, 45] in the past 50 years

in Japan. Our study had a long-term entry period (1975–2012). Therefore, the actual SIR of

T2DM might be further greater than the calculated SIR. Forth, we had difficulty in investigat-

ing medical charts as old as 40 years. Several important laboratory data, including platelet

counts and albumin levels, were missing and could not be used to analyze their contribution to

the outcome. Fifth, only half of the patients sent back the questionnaires and approximately

40% of the patients were lost to follow-up. This would occur mostly due to moving and death.

Considerable lack of data could have influenced the outcomes, however, loss of the patients

might be unavoidable in a long-term cohort study. Finally, we could not analyze the impact of

T2DM severity and treatment on the outcome of NALFD patients. Glucose-lowering therapies
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may differentially influence the cancer risk. Metformin, which decreases systemic insulin lev-

els, is reported to reduce the cancer risk [46] and cancer-related mortality [47], although recent

papers [48, 49] are challenging the results of previous studies. A far greater number of patients

is needed to elucidate the effect of T2DM severity and treatment on the prognosis.

The strength of our study was the long-term follow-up period, with median and maximum

follow-up of 19.5 and 41.0 years, respectively. NAFLD studies with a follow-up period of>10

years are still few [14–16, 26–29, 50, 51] and were not reported in Asia. As NAFLD is a hetero-

geneous disease and its prevalence and prognosis would be different according to ethnicity

and geographical area, our study would contribute to understanding the characteristics of

NAFLD especially in Asian patients. Another strength is that our patients were diagnosed by

liver biopsy and histology performed by an experienced liver pathologist. Despite the advances

in imaging modalities, the diagnosis of NASH still relies on liver histology. Attention should

be paid to the modality used to make a diagnosis when evaluating NAFLD studies. In conclu-

sion, through a long-term follow-up study of 223 biopsy-proven NAFLD patients, we revealed

that the presence of T2DM as a comorbidity and older age were significantly associated with

all-cause mortality. In addition to the above-mentioned factors, milder steatosis and advanced

fibrosis were significant predictors of the occurrence of liver-related events. The prognosis of

lean NAFLD patients is not necessarily better than that of overweight NAFLD patients.
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