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Abstract
Background and aim  Advanced fibrosis associated with nonalcoholic fatty liver disease (NAFLD) has been reported to have 
a higher risk of hepatic and non-hepatic mortality. We aim to study the recent trends in the prevalence of NAFLD-related 
advanced fibrosis in a large population sample.
Methods  Cross-sectional data from 28,739 participants in the National Health and Nutrition Examination Survey (NHANES) 
from 2005 to 2016 were utilized. NAFLD was defined using the hepatic steatosis index (HSI) and the US fatty liver index 
(USFLI) in the absence of other causes of chronic liver disease. The presence and absence of advanced fibrosis in NAFLD 
was determined by the NAFLD fibrosis score, FIB-4 score, and aspartate aminotransferase-to-platelet ratio index.
Results  The prevalence of NAFLD-related advanced fibrosis increased from 2.6% [95% confidence interval (CI) 2.1–3.1] 
in 2005–2008 and 4.4% (95% CI 3.7–5.1) in 2009–2012, to 5.0% (95% CI 4.2–5.9) in 2013–2016 using HSI as the NAFLD 
prediction model; and from 3.3% (95% CI 2.5–4.5) in 2005–2008 and 6.4% (95% CI 3.7–5.1) in 2009–2012, to 6.8% (95% 
5.3–8.7) in 2013–2016 using USFLI (p < 0.01). A similar trend was observed in entire NHANES cohort regardless of NAFLD 
status. While the prevalence of advanced fibrosis increased steadily in non-Hispanic whites through the duration of the study, 
it leveled off during 2013–2016 in non-Hispanic blacks.
Conclusions  Prevalence of advanced fibrosis associated with NAFLD increased steadily from 2005 to 2016. More impor-
tantly, race/ethnicity-based temporal differences were noted in the prevalence of NAFLD-related advanced fibrosis during 
the study.
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NFS	� NAFLD fibrosis score
APRI	� Aspartate aminotransferase-to-platelet ratio 
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BMI	� Body mass index
HSI	� Hepatic steatosis index
USFLI	� US fatty liver index
ALT	� Alanine aminotransferase

AST	� Aspartate aminotransferase
CI	� Confidence interval

Introduction

In the past 20 years, the prevalence of obesity in the US 
has more than doubled [1, 2]. In tandem and mimicking the 
trends in obesity, nonalcoholic fatty liver disease (NAFLD) 
is now recognized as the most prevalent chronic liver dis-
ease in the US and in many parts of the world [2, 3]. The 
increasing prevalence of NAFLD, in particular the subset 
with advanced fibrosis, is concerning because these patients 
are at a higher risk of mortality from liver-related and non-
liver-related complications when compared to the general 
population [4, 5]. In 2014, the overall burden of liver-related 
mortality in the US adults was ranked as the 12th leading 
cause of death, and 4th among adults aged 45–64 years [6]. 
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A recent study based on the US National Center for Health 
Statistics mortality records showed that age-standardized 
mortality rates increased for NAFLD with an annual rate of 
6.1% from 2007 through 2013 to 11.3% from 2013 through 
2016 [7]. It is expected that an increasing proportion of the 
population will develop advanced liver disease as they age 
in future. However, estimates of the burden of advanced 
fibrosis in the general population are limited due to the lack 
of large population-based data with available liver biopsies. 
Currently, several noninvasive scoring systems have been 
employed to diagnose advanced fibrosis in patients with 
NAFLD. Among these, the NAFLD fibrosis score (NFS), 
aspartate aminotransferase-to-platelet ratio index (APRI), 
and FIB-4 score have been validated as scoring systems 
designed to identify or exclude advanced fibrosis in subjects 
with an established diagnosis of NAFLD [8, 9]. Therefore, 
the aim of our study was to investigate the recent trends in 
NAFLD and NAFLD-related advanced fibrosis using non-
invasive panels in a large national database.

Materials and methods

Study design and data sources

This study represents a cross-sectional analysis of the 
recent six 2-year cycles of the continuous National Health 
and Nutrition Examination Survey (NHANES) data from 
2005 to 2016 (the National Center for Health Statistics, the 
Center for Disease Control and Prevention). We combined 
NHANES dataset into three 4-year consecutive survey 
periods to estimate the trends in the prevalence of NAFLD 
and advanced fibrosis for yielding more stable estimates. 
NHANES data employ a stratified, multistage, and clustered 
probability sampling design to reach a representative sample 
of the non-institutionalized civilian population in the US.

Of adult (≥ 20 years in age) participants in the NHANES 
2005–2016 survey (n = 34,187), 96.3% (n = 32,927) under-
went laboratory examination at a mobile examination center. 
Of these, we excluded 3164 subjects with significant alcohol 
consumption (> 21 drinks/week in males and > 14 drinks/
week in females), viral hepatitis (positive serum hepatitis 
B surface antigen and positive serum hepatitis C antibody), 
and pregnant females. In addition, we also excluded 1024 
subjects for whom data on serum aminotransferase, body 
mass index (BMI), platelet, and albumin were not available. 
Thus, the final study sample consisted of 28,739 adults with 
complete data (Fig. 1). The original survey was approved by 
the Center for Disease Control and Prevention’s Institutional 
Review Board, and all participants reviewed and signed a 
comprehensive informed consent. This analysis per se was 
deemed exempt by the Institutional Review Board at our 

institution, as the dataset used in the analysis was completely 
de-identified.

Clinical and laboratory evaluations

Each subject underwent a detailed interview which covered 
a wide array of demographic, lifestyle and dietary informa-
tion as well as an anthropometric assessment and a compre-
hensive laboratory evaluation. Race/ethnicity was catego-
rized as non-Hispanic white, non-Hispanic black, Hispanic 
(Mexican-American, other Hispanic), or other. Education 
was dichotomized to high school graduation versus no high 
school graduation. Marital status was categorized as being 
married or cohabitating with a partner versus other. Hyper-
tension was defined as systolic blood pressure ≥ 140 mmHg 
or diastolic blood pressure ≥ 90 mmHg and/or current use 
of antihypertensive medication. Diabetes mellitus was diag-
nosed in subjects with a fasting plasma glucose concentra-
tion ≥ 126 mg/dl and/or treatment with a hypoglycemic 
agent or insulin. Current smokers were defined as those who 
reported ongoing smoking among subjects who had smoked 
at least 100 cigarettes in their lifetime. Alcohol consump-
tion was calculated using self-reported data on the amount 
and frequency of alcohol use, as previously described [10]. 
There were no changes to the laboratory methods or labora-
tory site during the study periods.

Definition of NAFLD and advanced fibrosis

NAFLD was defined using the hepatic steatosis index (HSI) 
and the US fatty liver index (USFLI), both of which have 
been validated externally and used in epidemiologic studies, 
only in the absence of other causes of chronic liver disease 

Fig. 1   Flow diagram of the study participants
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[11–14]. The HSI was calculated by using the published 
formula:

HSI = 8 × [alanine aminotransferase (ALT)/aspartate 
aminotransferase (AST) ratio] + BMI (+2, if female; +2, if 
diabetes).

We utilized the published cut-off of 36 to define presence 
of NAFLD [11]. As USFLI indices require fasting blood 
tests, analyses using USFLI included a subgroup of 13,918 
subjects who were examined after an overnight fast of a 
minimum of 8 h. The USFLI was calculated according to 
the published formula [14]:

USFLI = [e−0.8073 × non-Hispanic black + 0.3458 × Mexican-Ameri-

can + 0.0093 × age + 0.6151 × loge (gamma-glutamyltransferase) + 0.0249 × waist 

circumference + 1.1792 × loge (insulin) + 0.8242 × loge (glucose) − 14.7812]/
[1 + e−0.8073 × non-Hispanic black + 0.3458 × Mexican-American 
+  0 . 0 0 9 3  ×  a g e  +  0 . 6 1 5 1  ×  l o g e  ( g a m m a - g l u t a m y l t r a n s fe r a s e ) 
+ 0.0249 ×​​ waist ​cir​cum​fer​ence + 1.1792 ​× loge​ (i​nsu​lin) + 0.8​242 × ​log​e (​glucose​) ​
−​ ​14.7812] × 100.

The markers used for assessment of advanced fibrosis 
have been previously described [4]. The NFS was calculated 
according to the following formula:

NFS = [− 1.675 + 0.037 × age (years) + 0.094 × BMI 
(kg/m2) + 1.13 × impaired fasting glycemia or diabetes 
(yes = 1, no = 0) + 0.99 × AST/ALT ratio − 0.013 × platelet 
(× 109/L) − 0.66 × albumin (g/dL)] [15].

Two cut-off points were selected to categorize subjects 
with NAFLD into three groups, including those with high 
probability (NFS > 0.676), intermediate probability (NFS 
0.676 to − 1.455) and low probability for advanced fibrosis 
(NFS < − 1.455) [15]. FIB-4 score was calculated by the fol-
lowing formula:

FIB-4 = [age  (years)  × AST (U/L)] / [p la te let 
[109/L] × (ALT [U/L])1/2].

Similar to NFS, subjects with NAFLD were divided 
into three groups, including those with low (FIB-4 < 1.30), 
intermediate (FIB-4 1.30–2.67) and high probability for 
advanced fibrosis (FIB-4 > 2.67) [16]. APRI was also cal-
culated by the published formula:

APRI = [(AST/upper limit of normal)/platelet count 
(109/L)] × 100 [17].

We used the cut-offs for low and high probability of 
advanced fibrosis as published, namely 0.5 and 1.5, respec-
tively [17]. Advanced fibrosis was defined as having at least 
one of the high probabilities for advanced fibrosis calculated 
using these three noninvasive fibrosis markers.

Statistical analysis

Given the complex sample design employed by NHANES, 
combining overall 6 survey cycles and constructing the 
appropriate weights were used to reconstitute nationally rep-
resentative sample for the entire US according to NHANES 
guideline [18]. Frequencies of categorical variables and the 

means ± standard errors of the continuous variables were 
calculated among comparison groups. To test for trends 
across periods, we regressed periods as an ordinal variable 
in the outcome of baseline characteristics, NAFLD, and 
advanced fibrosis among subjects with NAFLD. This test 
for a linear trend permits complete correction for the prob-
ability weights and survey design of the NHANES, which 
is not available in many other trend tests. All data analyses 
were implemented using STATA 15.0 (StataCorp, College 
Station, TX, USA) utilizing Taylor series linearization.

Results

Prevalence of NAFLD defined by hepatic steatosis 
index and NAFLD‑related advanced fibrosis

The estimated prevalence of NAFLD defined by USFLI and 
HSI was 32.0% (95% CI 30.6–33.4) and 53.6% (95% CI 
52.6–54.6), which corresponds to a range of 64 (95% CI 
60–69) to 106 (95% CI 101–111) million persons in the US. 
Among these, the estimated prevalence of advanced fibro-
sis in subjects with NAFLD was 5.6% (95% CI 4.8–6.6, by 
USFLI) and 4.0% (95% CI 3.7–4.5, by HSI), which cor-
responds to a range of 3.6 (95% CI 3.0–4.2) to 4.3 (95% CI 
3.8–4.8) million persons in the US.

The overall characteristics and trends in demographic and 
clinical characteristics of subjects during the study period 
are summarized in Table 1. The mean age and proportion 
of gender and race/ethnicity did not change over time. The 
mean BMI, waist circumference and the prevalence of dia-
betes increased, whereas the prevalence of hypertension did 
not change during the study. The proportion of subjects with 
poverty status and married status did not change over time. 
Decline in triglycerides and cholesterol levels and increase 
in high-density lipoprotein-cholesterol levels over the study 
period were noted. This may be due to increase in use of 
lipid-lowering medications; 20% in 2003–2004 to 28% in 
2011–2012 [19]. Among subjects with NAFLD defined by 
HSI, the mean BMI and prevalence of diabetes increased, 
but ALT level decreased during the 2013–2016 period com-
pared to 2005–2008 period.

Table 2 summarizes the prevalence of NAFLD defined 
by HSI and advanced fibrosis. The weighted preva-
lence of NAFLD using HSI as the NAFLD prediction 
model increased from 51.6% (95% CI 50.3–53.2) during 
2005–2008, and from 53.1% (95% CI 51.3–54.8) dur-
ing 2009–2012, to 55.9% (95% CI 53.8–54.6, p = 0.002) 
in 2013–2016. NAFLD subjects with advanced fibrosis 
increased from 2.6% (95% CI 2.1–3.1) in 2005–2008, and 
4.4% (95% CI: 3.7–5.1) in 2009–2012, to 5.0% (95% CI 
4.2–5.9) in 2013–2016 (p < 0.001). A similar trend was 
found when a sensitivity analysis was performed to include 
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the entire NHANES cohort regardless of NAFLD status; 
2.4% in 2005–2008, and 4.3% in 2009–2012, to 4.8% in 
2013–2016 (p < 0.001). Additionally, we conducted another 
sensitivity analysis defining advanced fibrosis as at least two 
out of three positive tests using noninvasive hepatic fibrosis 
panels with high probabilities for advanced fibrosis (Supple-
mentary Table 1). As expected, the prevalence of advanced 
fibrosis by this definition was lower than that by original 
definition. However, overall results were identical to those 
obtained using the original definition of advanced fibrosis.

Prevalence of NAFLD and advanced fibrosis 
according to race/ethnicity

Weighted estimates of NAFLD and advanced fibrosis 
according to race/ethnicity are tabulated in Table 3 and 

Supplementary Table 2. As expected, the prevalence of 
NAFLD was significantly different between Hispanics, 
non-Hispanic whites and non-Hispanic blacks. Regarding 
advanced fibrosis, the prevalence was highest in non-His-
panic whites (5.8%), followed by Hispanics (4.9%), and low-
est in non-Hispanic blacks (3.1%) in the most recent period 
(2013–2016). Among non-Hispanic whites with NAFLD, 
the prevalence of advanced fibrosis rose from 2.8% in 
2005–2008 and 4.6% in 2009–2012, to 5.8% in 2013–2016 
(p < 0.001). A similar trend was found when USFLI score 
was utilized to determine NAFLD; 3.4% in 2005–2008 
and 6.7% in 2009–2012, to 8.4% in 2013–2016. However, 
prevalence of advanced fibrosis remained relatively stable 
with a downward trend from 3.5% in 2009–2012 to 3.1% 
in 2013–2016 for non-Hispanic blacks. When the analyses 
were repeated using USFLI, results were consistently similar 

Table 1   Baseline characteristics 
of US population between 2005 
and 2016

Data are presented as mean or percent ± SE
BMI body mass index, ALT alanine aminotransferase, AST aspartate aminotransferase, HDL high-density 
lipoprotein, NAFLD nonalcoholic fatty liver disease

Total population 2005–2008 2009–2012 2013–2016 p value

N 28,739 8967 9961 9811
Age (year) 47.5 ± 0.25 47.2 ± 0.43 47.2 ± 0.49 48.0 ± 0.37 0.164
Male sex (%) 48.1 ± 0.27 48.2 ± 0.47 48.0 ± 0.48 48.0 ± 0.44 0.715
Ethnicity (%) 0.339
 Non-Hispanic white 68.4 ± 1.43 71.5 ± 2.25 68.3 ± 2.58 65.5 ± 2.57 0.085
 Non-Hispanic black 10.5 ± 0.72 10.5 ± 1.28 10.5 ± 1.14 10.6 ± 1.30 0.920
 Hispanics 13.9 ± 0.99 12.4 ± 1.23 14.1 ± 1.92 15.2 ± 1.84 0.202
 Others 7.18 ± 0.41 5.7 ± 0.61 7.15 ± 0.77 8.60 ± 0.70 0.002

BMI (kg/m2) 28.8 ± 0.08 28.3 ± 0.14 28.7 ± 0.13 29.3 ± 0.15 < 0.001
Waist circumference (cm) 97.0 ± 0.25 94.2 ± 0.43 96.5 ± 0.53 99.9 ± 0.36 < 0.001
Smoking status (%) < 0.001
 No smoker 56.0 ± 0.58 53.0 ± 1.03 56.8 ± 1.11 57.9 ± 0.91
 Current 19.4 ± 0.45 22.1 ± 0.88 18.5 ± 0.71 17.9 ± 0.72
 Ex-smoker 24.6 ± 0.43 24.9 ± 0.61 24.7 ± 0.89 24.3 ± 0.73

Diabetes (%) 10.6 ± 0.27 9.8 ± 0.53 10.0 ± 0.40 11.9 ± 0.49 0.005
Hypertension (%) 30.9 ± 0.49 30.4 ± 0.67 30.4 ± 1.07 31.8 ± 0.78 0.181
High education (%) 83.2 ± 0.65 81.4 ± 1.07 82.6 ± 1.03 85.5 ± 1.19 0.013
Married status (%) 64.4 ± 0.63 65.6 ± 1.18 63.4 ± 1.08 64.3 ± 1.00 0.415
Poverty status (%) 13.9 ± 0.53 11.9 ± 0.71 15.3 ± 0.95 14.4 ± 1.04 0.060
Total cholesterol (mg/dL) 195.3 ± 0.42 199.5 ± 0.64 193.8 ± 0.70 192.9 ± 0.83 < 0.001
HDL-cholesterol (mg/dL) 53.3 ± 0.22 52.9 ± 0.30 52.8 ± 0.32 54.1 ± 0.46 0.025
Triglycerides (mg/dL) 131.6 ± 1.51 139.1 ± 2.08 129.7 ± 2.77 121.6 ± 3.07 < 0.001
Among subjects with NAFLD, N 15,905 4826 5486 5593
Age (year) 48.2 ± 0.24 47.8 ± 0.44 48.1 ± 0.42 48.7 ± 0.40 0.106
BMI (kg/m2) 33.3 ± 0.08 33.0 ± 0.15 33.2 ± 0.13 33.7 ± 0.13 0.002
ALT (IU/L) 29.3 ± 0.20 30.0 ± 0.35 29.0 ± 0.35 28.9 ± 0.33 0.036
AST (IU/L) 25.8 ± 0.14 26.0 ± 0.24 25.8 ± 0.24 25.6 ± 0.25 0.315
Diabetes (%) 16.6 ± 0.4 15.6 ± 0.9 15.8 ± 0.6 18.2 ± 0.7 0.017
Platelet (109/L) 254.1 ± 1.0 277.6 ± 1.6 245.9 ± 1.4 242.0 ± 1.5 < 0.001
Albumin (g/dL) 4.23 ± 0.005 4.20 ± 0.01 4.22 ± 0.01 4.27 ± 0.01 < 0.001
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Table 2   Trends in prevalence 
of NAFLD defined by hepatic 
steatosis index and advanced 
fibrosis by year (2005–2016) in 
the US

p values represent tests of linear trends of proportion of NAFLD and advanced fibrosis across years
N is shown as actual number. Prevalence is shown as weighted frequency
Data are presented as percent (95% confidence intervals)
NAFLD nonalcoholic fatty liver disease

2005–2008 2009–2012 2013–2016 p value

Total population, N (n = 28,739) 8967 9961 9811
 NAFLD by hepatic steatosis index (%) 51.6

(50.3–53.2)
53.1
(51.3–54.8)

55.9
(53.8–54.6)

0.002

 Advanced fibrosis (%) < 0.001
  No 97.6

(97.3–97.9)
95.7
(95.1–96.2)

95.2
(94.5–95.8)

  Yes 2.4
(2.1–2.7)

4.3
(3.8–5.0)

4.8
(4.2–5.5)

Among subjects with NAFLD, N (n = 15,905) 4826 5486 5593
 Advanced fibrosis (%) < 0.001
  No 97.5

(97.0–97.9)
95.7
(94.9–96.3)

95.0
(94.1–95.8)

  Yes 2.6
(2.1–3.1)

4.4
(3.7–5.1)

5.0
(4.2–5.9)

Table 3   Trends in prevalence 
of NAFLD defined by hepatic 
steatosis index and advanced 
fibrosis by race/ethnicity in the 
US

p values represent tests of linear trends of proportion of NAFLD and advanced fibrosis across years
N is shown as actual number. Prevalence is shown as weighted frequency
Data are presented as percent (95% confidence intervals)
NAFLD nonalcoholic fatty liver disease

2005–2008 2009–2012 2013–2016 p value

Non-Hispanic whites, N (n = 12,559) 4408 4372 3779
 NAFLD by hepatic steatosis index (%) 50.0

(47.8–52.1)
51.0
(49.0–53.1)

54.1
(51.9–56.2)

0.021

 Among subjects with NAFLD, N (n = 6434) 2153 2242 2039
 Advanced fibrosis (%) < 0.001
  No 97.2

(96.5–97.8)
95.4
(94.4–96.3)

94.2
(92.9–95.2)

  Yes 2.8
(2.2–3.5)

4.6
(3.7–5.6)

5.8
(4.8–7.1)

Non-Hispanic blacks, N
(n = 5788)

1833 2025 1930

 NAFLD by hepatic steatosis index (%) 58.9
(56.5–61.2)

63.4
(60.4–66.3)

61.2
(58.2–64.0)

0.001

 Among subjects with NAFLD, N (n = 3513) 1075 1253 1185
 Advanced fibrosis (%) 0.066
  No 98.9

(98.3–99.2)
96.5
(95.3–97.4)

96.9
(95.8–97.7)

  Yes 1.2
(0.8–1.7)

3.5
(2.6–4.7)

3.1
(2.3–4.2)

Hispanics, N (n = 7532) 2368 2508 2656
 NAFLD by hepatic steatosis index (%) 61.0

(58.3–63.6)
62.9
(60.3–65.5)

67.7
(65.1–70.3)

0.004

 Among subjects with NAFLD, N (n = 4895) 1459 1623 1813
 Advanced fibrosis (%) 0.001
  No 96.5

(95.7–97.2)
95.3
(94.3–96.2)

96.9
(95.8–97.7)

  Yes 3.5
(2.8–4.3)

4.7
(3.8–5.7)

4.9
(3.7–6.5)
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with wide confidence intervals as previous results using HSI. 
The prevalence of advanced fibrosis among Hispanics with 
NAFLD was 3.5% in 2005–2008 and 4.7% in 2009–2012 to 
4.9% in 2013–2016. We then conducted a sensitivity analysis 
using USFLI. The trend showing an increasing prevalence 
of advanced fibrosis was weakened and statistically non-
significant (Supplementary Table 2). Therefore, increasing 
trends in advanced fibrosis may largely be attributable to 
increasing trends in non-Hispanic whites.

Prevalence of NAFLD using US fatty liver index 
and NAFLD‑related advanced fibrosis

Overall, the trend was suggestive of increasing prevalence 
of advanced fibrosis in subjects with NAFLD, while there 
was no significant increase in the prevalence of NAFLD 
during the decade-long study period. Among the subjects 
who only fasted, prevalence of NAFLD remained relatively 
stable at 29.4% in 2005–2008 and 34.1% in 2009–2012, 
to 32.4% in 2013–2016 (p = 0.088). Regarding advanced 
fibrosis, NAFLD subjects with advanced fibrosis increased 
from 3.3% (95% CI 2.5–4.5) in 2005–2008 and 6.4% (95% 
CI 5.0–8.2) in 2009–2012 to 6.8% (95% CI 5.3–8.7) in 
2013–2016 (p = 0.001) (Table 4). We then conducted a 
sensitivity analysis to include entire NHANES cohort. A 
similar trend was found; 2.0% in 2005–2008 and 4.3% in 
2009–2012, to 4.5% in 2013–2016 (p < 0.001).

Discussion

In this population-based study in the US adults, the preva-
lence of advanced fibrosis among subjects with NAFLD 
increased markedly from 2005 to 2016. We estimated that 
the national prevalence of advanced fibrosis in the setting 
of NAFLD was 4.0–5.6% based on noninvasive markers, 
which corresponds to approximately four million persons 
in the US. Interestingly, we noted that race/ethnicity-based 
trends in the prevalence of NAFLD-related advanced fibrosis 
were not uniform during the span of the study. The preva-
lence of NAFLD-related advanced fibrosis continuously 
increased in non-Hispanic whites during the 12-year period 
and accounted for the major proportion of rise in overall 
prevalence of advanced fibrosis. On the contrary, the preva-
lence of NAFLD-related advanced fibrosis increased until 
2009–2012 and then stabilized during 2013–2016 in non-
Hispanic blacks.

Subjects with NAFLD-related advanced fibrosis are at a 
higher risk of developing end-stage liver disease and hepa-
tocellular carcinoma. They are also at higher risk for extra-
hepatic complications, as advanced fibrosis is associated 
with systemic inflammation and metabolic dysfunction trig-
gered by insulin resistance [4, 20]. In longitudinal studies, 
nonalcoholic steatohepatitis alone did not predict the risk of 
overall mortality in patients with NAFLD, but fibrosis stage 
predicted both the risk of overall and cause-specific mortal-
ity [5, 21]. Several other studies have also evaluated the role 
of fibrosis severity on long-term outcomes [22, 23]. Recently 
emerging data have suggested that the severity of fibrosis 
is a stronger predictor of death compared to presence of 

Table 4   Trends in prevalence 
of NAFLD defined by US 
fatty liver index and advanced 
fibrosis by year (2005–2016) in 
the US

p values represent tests of linear trends of proportion of NAFLD and advanced fibrosis across years
N is shown as actual number. Prevalence is shown as weighted frequency
Data are presented as percent (95% confidence intervals)
NAFLD nonalcoholic fatty liver disease

2005–2008 2009–2012 2013–2016 p value

Total population, N (n = 13,918) 4362 4894 4662
 NAFLD by US fatty liver index (%) 29.4

(27.2–31.8)
34.1
(31.7–36.6)

32.4
(30.0–34.5)

0.088

 Advanced fibrosis (%) < 0.001*

  No 98.0
(97.6–98.3)

95.7
(94.9–96.4)

95.5
(94.6–96.2)

  Yes 2.0
(1.7–2.5)

4.3
(3.6–5.1)

4.5
(3.8–5.4)

Among subjects with NAFLD, N (n = 4692) 1430 1731 1531
 Advanced fibrosis (%) 0.001*

  No 96.7
(95.5–97.5)

93.6
(91.8–95.0)

93.2
(91.3–94.7)

  Yes 3.3
(2.5–4.5)

6.4
(5.0–8.2)

6.8
(5.3–8.7)
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NASH or steatosis [24]. A population-based study utilizing 
NHANES III evaluated the association between noninvasive 
fibrosis markers and mortality; the results demonstrated that 
subjects with a high probability of NAFLD-related advanced 
fibrosis had an increased risk of overall mortality compared 
with subjects with a low probability of advanced fibrosis 
(hazard ratio 1.69; 95% CI 1.09–2.63) [4].

We found that the prevalence of NAFLD slightly 
increased using HSI as the NAFLD prediction model 
(p < 0.01) and non-significantly increased using USFLI 
(p = 0.09). Previously, a study based on NHANES 
1988–2012 reported that the prevalence of NAFLD defined 
by USFLI rose from 18.2 to 30.6% [14]. However, the most 
of this increase occurred in the early decade, from 18.2% in 
1988–1991 to 28.6% in 1999–2000. In the second decade 
from 1999–2000 to 2011–2012, the prevalence of NAFLD 
increased by 7% without any significance [14]. Future pro-
spective studies are needed to determine accurate trends 
in histologically and/or radiologically diagnosed NAFLD. 
Along with the rise in the prevalence of obesity, diabetes, 
and metabolic syndrome, we expect an increase in the preva-
lence of NAFLD-associated advanced fibrosis. Prevalence 
of advanced fibrosis increased rapidly with age. Therefore, 
based on the demographic trend in the US population of 
increasing age, we expected further increases in the preva-
lence of NAFLD-related advanced fibrosis. While the preva-
lence of advanced fibrosis continuously increased in the US 
during the 12-year period, the prevalence abruptly increased 
from 2005–2008 to 2009–2012 and then increased with a 
slower rate in 2013–2016.

The data presented in this study demonstrate current pop-
ulation-level impact of advanced fibrosis in patients with 
NAFLD. These national trends in the US are alarming and 
provide an insight for policy-makers and other stakeholders 
in steering the future healthcare policies. Our results stress 
the need for multidisciplinary approach to obesity-related 
medical complications and proactive practice guidelines for 
health care providers to focus on primary prevention, prompt 
diagnosis and institution of approved therapy or enrollment 
in a clinical trial for patients with NAFLD and advanced 
fibrosis. Further studies are needed to evaluate cost-effec-
tiveness of screening for NAFLD and/or advanced fibrosis 
using noninvasive serum panels among high-risk groups 
with diabetes, metabolic syndrome, obesity, or dyslipidemia.

Our definition of advanced fibrosis may underestimate 
the true prevalence of advanced liver disease. Based on 
various published reports, as many as 30.9% of patients 
with an indeterminate assessment of hepatic fibrosis may 
have advanced fibrosis [8, 9, 15, 25]. Therefore, we defined 
NAFLD-related advanced fibrosis as having at least one of 
the high probabilities for advanced fibrosis calculated by uti-
lizing these three markers. A recent study using two differ-
ent periods (1999–2002 and 2009–2012) of NHANES data 

reported an increase in the prevalence of NASH-associated 
advanced fibrosis consistent with our results [26]. In con-
trast, our study analyzed trends utilizing the most recent and 
continuous 12-year NHANES data. In addition, our study 
was able to decipher race/ethnicity-based differences in tem-
poral trends of NAFLD-related advanced fibrosis.

The strengths of our study include utilization of high-
quality data collected by trained personnel with a system-
atic protocol, the wealth of metabolic variables, consecutive 
years, long duration and a large number of subjects from 
a nationally representative NHANES dataset. We used 
recently updated national data, which enabled us to capture 
current trends in NAFLD and NAFLD-related advanced 
fibrosis. Moreover, we believe that the subjects in our study 
are representatives of the US general population. Therefore, 
the current findings are generalizable to the US population 
regardless of race/ethnicity. Although this study was per-
formed utilizing a large sample representative of the US 
general population, some limitations merit comment. First, 
we used noninvasive panels (in the absence of any other 
liver disease) to classify NAFLD, which may underestimate 
the true prevalence of NAFLD. However, the USFLI and 
HSI have been reported as a robust noninvasive measure for 
NAFLD in population-based study, and also as an independ-
ent predictor of overall and liver-related mortality [11–14, 
27]. Sensitivity analyses demonstrated that our results are 
consistent and robust. Second, although the application of 
the NFS, APRI, and FIB-4 scores were validated against 
liver biopsies in various ethnicities [8, 9, 15], it is possible 
that the advanced fibrosis related to NAFLD may be under-
estimated in the general population. Noninvasive fibrosis 
panels may be more suitable to exclude advanced fibrosis, 
rather than diagnose patients with more advanced fibrosis. 
More accurate diagnostic modalities such as transient or 
magnetic resonance elastography for diagnosing advanced 
fibrosis were not available in NHANES dataset. Third, 
NAFLD was defined by utilizing HSI and USFLI after exclu-
sion of significant alcohol consumption and viral hepatitis by 
serologies. We were unable to exclude drug-related steatosis, 
autoimmune hepatitis, primary biliary cholangitis, primary 
sclerosing cholangitis, hemochromatosis, and other less 
common metabolic and/or genetic liver diseases due to limi-
tations of NHANES database. Additionally, self-reported 
alcohol consumption may likely be under-reported and may 
introduce bias in results. Because we are unable to obtain 
nutritional data and physical activity data in all subjects in 
NHANES, we are unable to evaluate the impact of nutrition 
and physical activity on trends in NAFLD-related advanced 
fibrosis. Finally, differential sampling error may affect com-
parisons over time because each period represents data from 
a different cross-sectional sample, while the NHANES has 
examined a nationally representative sample of about 5000 
persons each year. Therefore, despite consistency with no 
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changes in the laboratory methods or laboratory site during 
the study periods, the cross-sectional design of the study is 
a limitation.

In summary, NAFLD-related advanced fibrosis is on 
the rise at an accelerated pace in the US adults. Our study 
showed that the prevalence of advanced fibrosis in NAFLD 
increased steadily over the span of 12-year study; now esti-
mated to be four million US adults. We recommend that a 
focused approach with a high level of clinical suspicion is 
needed to promptly diagnose patients with NAFLD and high 
probability of advanced fibrosis.
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