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Attributable Fractions of Nonalcoholic 
Fatty Liver Disease for Mortality in 
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BaCKgRoUND aND aIMS: Nonalcoholic fatty liver 
disease (NAFLD) encompasses a range of conditions, from 
simple steatosis to nonalcoholic steatohepatitis. Studies in 
the United States have reported an increased mortality risk 
among individuals with NAFLD; therefore, the population at-
tributable fractions (PAFs) for mortality were examined. 

appRoaCH aND ReSUltS: A total of 12,253 adult in-
dividuals with ultrasound assessment of NAFLD from the 
Third National Health and Nutrition Examination Survey and 
mortality follow-up through 2015 were included in the analy-
sis. Cox proportional hazard regression was used to estimate 
multivariable-adjusted hazard ratios (HRs) and 95% confidence 
intervals (CIs) for NAFLD in association with all-cause and 
cause-specific mortality. Overall, sex- and race/ethnicity-specific 
PAFs and 95% CIs were estimated. In the current study, pres-
ence of NAFLD was associated with a 20% increased risk of 
all-cause mortality (HR, 1.20; 95% CI, 1.08, 1.34). The over-
all PAF for all-cause mortality associated with NAFLD was 
7.5% (95% CI, 3.0, 12.0). The PAF for diabetes-specific mor-
tality was 38.0% (95% CI, 13.1, 63.0) overall, 40.8% (95% CI, 

2.1, 79.6) in men, and 36.8% (95% CI, 6.6, 67.0) in women. 
The PAF for liver disease (LD)-specific mortality was nota-
bly higher in men (68.3%; 95% CI, 36.3, 100.0) than women 
(3.5%; 95% CI, −39.7, 46.8). In the race-specific analysis, the 
PAFs of NAFLD for all-cause mortality (9.3%; 95% CI, 4.0, 
14.6) and diabetes-specific mortality (44.4%; 95% CI, 10.8, 
78.0) were significantly greater than zero only for whites. 

CoNClUSIoNS: In the United States, approximately 8% of 
all-cause mortality and more than one-third of LD- and diabetes- 
specific deaths are associated with NAFLD. With these 
high percentages, efforts are needed to reduce the burden of 
NAFLD in the United States. (Hepatology 2020;72:430-440).

Nonalcoholic fatty liver disease (NAFLD) 
encompasses a range of histopathological 
conditions, from mild steatosis to severe 

nonalcoholic steatohepatitis (NASH).(1) NAFLD 
has become the most common cause of chronic liver 
disease (CLD) worldwide and can lead to serious 
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sequelae, such as end-stage liver disease and hepato-
cellular carcinoma (HCC).(2-4) In the United States, 
prevalence of NAFLD has been previously estimated 
to be 30% in the general population, affecting almost 
100  million individuals.(5,6) NASH, characterized by 
the presence of lobular inflammation and hepatocyte 
ballooning degeneration with or without fibrosis, has 
an estimated prevalence of approximately 4% in the 
U.S. population.(7)

NAFLD has been associated with increased risks of 
all-cause mortality as well as mortality attributable to 
liver disease (LD), cardiovascular disease (CVD), cancer, 
and diabetes.(8-13) Study results have varied, however. 
A Swedish study reported increased risks of all-cause 
mortality, CVD, and LD.(8) In contrast, a Korean study 
reported increased mortality risks attributed to all 
causes, cancer, CVD, and LDs among women, but not 
among men.(9) In the United States, a recently reported  
community-based study found that persons with 
NAFLD had an increased risk of mortality after a 
20-year follow-up period.(11) Other U.S. studies have 
analyzed data from the Third National Health and 
Nutrition Examination Survey (NHANES III) and 
have reported inconsistent results, with an earlier analy-
sis finding no increased risks of mortality(6,14) and a later 
analysis reporting a significantly increased risk of LD 
mortality.(10) In addition, early analyses in NHANES 
III found no association between NASH (defined 
as NAFLD with elevated liver enzymes) and risk of  
mortality,(6) whereas a more recent analysis reported an 
increased risk of LD mortality in association with severe 
hepatic steatosis (HS) and elevated liver enzymes.(15) 
Consistent with this finding was that of a large UK 
study, which found that all-cause mortality was higher 
among individuals with NASH than NAFLD.(16)

Given that prevalence of NAFLD has increased over 
the past decades,(17) the proportion of deaths attributed 

to NAFLD (i.e., the population attributable fraction 
[PAF]) would also be expected to increase.(18) Therefore, 
the goal of the current study was to assess the PAFs for 
all-cause and cause-specific mortality using data from 
NHANES III conducted between 1988 and 1994. 
Because attributable fractions may vary by sex and race/
ethnicity, PAFs for each group were also calculated.

Participants and Methods
NHANES III is a nationally representative sur-

vey of the U.S. civilian, noninstitutionalized population 
that was conducted from 1988 to 1994 using a complex 
multistage, stratified, cluster probability sample.(19) The 
survey consisted of a cross-sectional household interview 
as well as clinical and laboratory examinations, includ-
ing an abdominal ultrasound, of 14,797 adults aged 
20-74  years.(19) The ultrasounds were originally per-
formed to assess gallbladder disease using a Toshiba SSA-
90A machine (3.75 and 5.0  MHz transducer; Toshiba 
America Medical Systems, Tustin, CA).(20) Between 
2009 and 2010, archived videotapes of the ultrasounds 
were reviewed to assess the presence of steatosis within 
the hepatic parenchyma using five standard criteria:  
(1) parenchymal brightness; (2) liver to kidney contrast;  
(3) deep beam attenuation; (4) bright vessel walls; and 
(5) gallbladder wall definition. A detailed description 
of this protocol has been reported elsewhere.(20) Degree 
of steatosis was categorized as none, mild, moderate, or 
severe. All participants signed informed consent. The 
NHANES III was approved by the institutional review 
board of the National Center for Health Statistics 
(NCHS), Centers for Disease Control and Prevention 
(CDC). All participants signed informed consent.

For the current analysis, participants were excluded if 
there was no image from the ultrasound examination or 
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an ungradable image (n = 941), high alcohol consump-
tion (≥2 drinks for men and ≥1 drink for women per day 
in the past year or if they reported a period in life where 
they drank ≥5 drinks almost every day; n = 1,241), viral 
hepatitis (n = 324), iron overload (n = 28), or no follow- 
up data on mortality (n = 10). Thus, the total analytical 
sample consisted of 12,253 persons (Fig. 1).

NaSH aSCeRtaINMeNt
In addition to the overall analysis, analysis was con-

ducted after stratifying individuals with NAFLD into two 
groups based on elevation of liver enzyme levels. Presence 
of elevated enzyme levels among persons with NAFLD 
was considered a proxy variable for having NASH. 
Elevation was defined as having aspartate aminotransfer-
ase ≥37  U/L in men or ≥31  U/L in women or alanine 
aminotransferase ≥40 U/L in men or ≥31 U/L in women.

MoRtalIty FolloW-Up
Individuals were followed up for mortality by linkage 

to the National Death Index (NDI), which is main-
tained by the NCHS of the CDC. Follow-up time 
started from the date of NHANES III participation 
and extended to December 31, 2015. For those persons 
who survived past December 31, 2015, follow-up time 
was censored. Cause of death was determined using the 
underlying cause of death, which was created by the 
NCHS and includes 113 categories. For the current 
analysis, all-cause mortality and selected cause-specific 
mortality (CVD, cancer, diabetes, and LD) were ana-
lyzed. Liver cancer was included in the LD group rather 
than the cancer group. Supporting Table S1 shows the 
causes of death and International Classification of 
Diseases (ICD), Tenth Revision (ICD-10) codes for 
each category of cause-specific mortality.

FIg. 1. Flowchart of NHANES III participants for the current analysis. Abbreviations: HBsAg, hepatitis B surface antigen; HCV, 
hepatitis C virus.

N = 14,797 persons in NHANES III ages 20-74 years completed both interview and examination in Mobile Examination Centers
and underwent a hepatic/gallbladder ultrasound.

Exclusion (n = 941)
Hepatic steatosis assessment status: No

image or image is present but ungradable.

Hepatic steatosis assessment status: image is
present and gradable = 13,856.

Exclusion (n = 1,241)
High alcohol consumption: ≥2 drinks for men and

≥1 drink for women of alcohol per day in the last 12
months or if they reported a period in life where 

they drank ≥5 drinks almost every day.

Exclusion (n = 324)
Viral hepatitis (HBsAg or anti-HCV positive)

Exclusion (n = 28)
Iron overload (transferrin saturation ≥50%)

Exclusion (n = 10)
No follow-up data

Total analytical sample = 12,253
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BaSelINe CoVaRIateS
Baseline sociodemographic characteristics, clinical 

data, and lifestyle factors were available in NHANES 
III. Potential confounders were identified a priori and 
included in the final models: age; sex; race/ethnicity 
(non-Hispanic white, non-Hispanic black, Mexican 
American, or other); years of education (<9, 9-11, 12, 
and ≥13); physical activity score (0, >0-<100, 100-<250, 
and ≥250, derived by multiplying metabolic equivalent 
tasks [METs] for each specific activity by the number 
of times per month the activity was performed and 
then summing over all the activities); cigarette smok-
ing (never, former, or current); moderate alcohol con-
sumption (categorized in tertiles of alcohol per day 
during the past year, with <2 drinks in men or <1 drink 
in women); and body mass index (BMI; <18.5, 18.5-
<25, 25-<30, 30-<35, and ≥35 kg/m2). Other variables 
considered, but not included, in the final models were 
physician-reported health status (excellent, very good, 
good, fair, or poor); self-reported health status (excel-
lent, very good, good, fair, or poor); diabetes, hyper-
tension, and metabolic syndrome (MetS) defined as 
having three or more of the following conditions: 
elevated waist circumference (≥88 cm for women and 
≥102 cm for men); elevated triglycerides (≥150 mg/dL)  
or drug treatment for elevated triglycerides; low 
high-density lipoprotein (HDL) cholesterol (<40 mg/dL  
for men and <50  mg/dL for women) or drug treat-
ment for low HDL cholesterol; elevated blood pres-
sure (systolic ≥130  mm  Hg or diastolic ≥85  mm  Hg 
or both) or antihypertensive drug treatment for a 
history of hypertension; and elevated fasting glucose 
(≥100 mg/dL) or drug treatment for elevated glucose. 
MetS or other metabolic conditions (i.e., diabetes) 
that are strongly associated with NAFLD were not 
included in the final models to avoid overadjustment.

StatIStICal aNalySIS
Baseline characteristics of NHANES III par-

ticipants were compared by NAFLD status (mild-
to-severe HS [NAFLD] vs. no NAFLD). Cox 
proportional hazard models were used to estimate 
hazard ratios (HRs) and 95% confidence intervals 
(CIs) for all-cause and cause-specific mortality. Sex-
specific, race/ethnicity-specific, and liver-enzyme- 
level–specific HRs were also calculated. All analyses  
used the NHANES III sampling weights and 

accounted for the other aspects of the complex  
survey design. The NHANES III sampling design 
and computation of the sample weights have been 
described elsewhere.(21) In brief, the sample weights 
are the product of three component weights: (1) 
inverse of the probabilities of selection at each stage 
of selection (e.g., counties, segments, households, and 
individuals); (2) a nonresponse adjustment weight for 
sampled individuals who did not participate in either 
the household interview or exams; and (3) a poststrat-
ification adjustment weight to match the 1990 U.S. 
Census population totals for designated subdomains 
to estimate weighted total of those subdomains from 
the NHANES III sample.(21) All analyses are sample 
weighted using individuals who completed both the 
household interview and examination in the Mobile 
Examination Centers.

The adjusted PAFs of NAFLD for all-cause and 
cause-specific mortality were estimated using a method 
for complex-weighted sample designs, as described.(22) 
Standard errors estimated from adjusted PAFs were 
used to compute 95% CIs. In addition to the overall 
PAF, PAFs by sex and race/ethnicity were calculated. 
The number of deaths associated with NAFLD in 
the 2015 U.S. population was calculated by multiply-
ing the PAFs by the total number of deaths. The total 
number of U.S. deaths was obtained from vital records 
data available from the CDC.(23) Because NAFLD is 
not an exogenous exposure, the PAFs in the current 
study should be interpreted as measures of association 
rather than causation.

Because of the small number of deaths among indi-
viduals with NASH (i.e., NAFLD with elevated liver 
enzymes), PAFs and the estimated number of deaths 
were not calculated, but the HRs for all-cause and LD 
mortality are reported (Supporting Table S2). HRs and 
other quantities used for estimating the PAFs were 
computed using the SAS software (version 9.4; SAS 
Institute Inc., Cary, NC) callable add-on, SUDAAN 
(version 10.0.3; Research Triangle Institute, Research 
Triangle Park, NC). All statistical analyses were con-
ducted in SAS software (version 9.4; SAS Institute).

Results
Demographic and clinical characteristics of 

study participants are presented in Table 1. Overall 
weighted prevalence of NAFLD was 32.8% (95% CI, 
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30.3, 35.2). Weighted prevalence was similar among 
men (34.7%) and women (31.0%), but varied by race/
ethnicity, with Mexican Americans having a higher 
prevalence (41.2%) than whites (32.5%) or blacks 
(29.1%). Persons with NAFLD were more likely to 
be older, have a greater BMI, be less well educated 
and physically active, and have MetS or the com-
ponent conditions (e.g., obesity, diabetes, or hyper-
tension). Both by self-report and physician report, 
persons with NAFLD were less likely to be classified 
as having excellent health. During a median follow-up 
of 23.3  years (interquartile range [IQR], 21.4-25.1), 
3,509 individuals died.

Table 2 shows the adjusted HRs and 95% CIs for 
all-cause and cause-specific mortality by NAFLD sta-
tus. Risk of all-cause mortality was 20% higher among 
individuals with NAFLD than those without (95% 
CI, 1.08, 1.34). Risk of diabetes-specific mortality was 
>2-fold higher among individuals with NAFLD (HR, 
2.25; 95% CI, 1.21, 4.18). Cause-specific mortality 
was elevated for the other causes examined, but the 
results were not statistically significant: CVD (HR, 
1.05; 95% CI, 0.89, 1.24); cancer (HR, 1.13; 95% CI, 
0.91, 1.39); and LD (HR, 2.66; 95% CI, 0.83, 8.60). 
Mortality risks were similar among men and women, 

taBle 1. Baseline Characteristics of the Study participants 
From NHaNeS III (1988-1994)

NAFLD No NAFLD

n (%*) n (%*)

4,355 (32.8) 7,898 (67.2)

Age

Median (IQR) 43 (42, 44) 38 (37, 39)

Sex

Female 2,369 (50.6) 4,442 (54.9)

Male 1,986 (49.4) 3,456 (45.1)

Race/ethnicity

Non-Hispanic white 1,533 (74.8) 2,958 (75.8)

Non-Hispanic black 1,067 (9.7) 2,498 (11.4)

Mexican American 1,587 (6.9) 2,088 (4.8)

Other 168 (8.6) 354 (8.0)

Years of education†

<9 1,226 (13.2) 1,467 (8.7)

9-11 719 (13.9) 1,228 (11.7)

12 1,303 (35.7) 2,544 (33.9)

≥13 1,085 (37.1) 2,601 (45.7)

BMI†

<18.5 68 (2.0) 168 (2.4)

18.5-<25.0 997 (25.8) 3,445 (49.9)

25.0-<30.0 1,445 (32.3) 2,782 (32.8)

30.0-<35.0 1,037 (22.9) 1,041 (10.7)

≥35.0 793 (17.0) 452 (4.2)

Physical activity‡

0 1,086 (17.1) 1,451 (12.0)

>0-<100 1,897 (46.1) 3,436 (44.9)

100-<250 995 (25.8) 2,072 (30.2)

≥250 377 (11.1) 939 (12.9)

Cigarette smoking†

Never 2,210 (46.6) 4,113 (48.4)

Former 1,192 (30.0) 1,659 (23.0)

Current 952 (23.4) 2,126 (28.6)

Alcohol consumption†,§

Never 2,572 (53.0) 4,203 (45.8)

Tertile 1 654 (20.1) 1,287 (19.9)

Tertile 2 506 (13.6) 1,126 (18.7)

Tertile 3 467 (13.3) 1,031 (15.7)

Physician impression health status†

Excellent 1,396 (35.9) 3,661 (54.2)

Very good 1,090 (26.4) 1,841 (23.7)

Good 1,271 (27.2) 1,725 (18.4)

Fair 415 (9.1) 399 (3.3)

Poor 72 (1.5) 41 (0.3)

Self-reported health status†

Excellent 558 (17.5) 1,411 (23.5)

Very good 926 (29.4) 2,035 (32.9)

Good 1,631 (34.7) 2,836 (31.2)

Fair 1,007 (15.0) 1,359 (10.3)

Poor 232 (3.4) 256 (2.1) 

NAFLD No NAFLD

n (%*) n (%*)

MetS conditions†

0 725 (19.4) 2,923 (42.5)

1 1,031 (23.9) 2,488 (30.5)

2 1,075 (23.3) 1,463 (17.5)

3 968 (23.0) 750 (7.7)

4 or 5 523 (10.5) 220 (1.9)

Diabetes mellitus

Yes 991 (16.8) 848 (7.4)

No 3,364 (83.2) 7,050 (92.6)

Hypertension†

Yes 1,696 (35.8) 2,053 (21.6)

No 2,657 (64.2) 5,843 (78.4)

*Percentages are weighted by the sample weights.
†Categories do not sum to the totals because of missing data.
‡Physical activity score derived by multiplying METs for each  
specific activity by the number of times per month the activity  
was performed, then summing over all the activities.
§For men: tertile 1, 0.00-0.28 drinks per day; tertile 2, 0.29-0.85 
drinks per day; tertile 3, 0.86-2.00 drinks per day. For women: ter-
tile 1, 0.00-0.13 drinks per day; tertile 2, 0.14-0.30 drinks per day; 
tertile 3, 0.31-1.00 drink per day.

taBle 1. Continued
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with the sole exception of LD mortality, which was 
significantly higher among men with NAFLD (HR, 
8.83; 95% CI, 2.29, 34.03), but not among women 
with NAFLD (HR, 1.10; 95% CI, 0.34, 3.49).

Mortality risks by race/ethnicity were similar 
(Table 3). There was an increased risk of all-cause 
mortality among all three groups, but the risk only 

attained statistical significance among whites (HR, 
1.25; 95% CI, 1.09, 1.44). This was also the case with 
diabetes mortality, which was elevated in all three 
groups, but only attained statistical significance (HR, 
2.61; 95% CI, 1.03, 6.59) among whites. LD mortality 
was also elevated in all groups, but risk of mortality 
was not significantly increased in any of the three.

taBle 2. overall and Sex-Specific HRs of all-Cause and Cause-Specific Mortality associated With NaFlD, NHaNeS III

All Men Women

Deaths HR* 95% CI Deaths HR* 95% CI Deaths HR* 95% CI

All causes

No NAFLD 2,016 Ref 1,038 Ref 978 Ref

NAFLD 1,493 1.20 (1.08, 1.34) 775 1.16 (1.00, 1.33) 718 1.27 (1.10, 1.47)

CVD

No NAFLD 706 Ref 358 Ref 348 Ref

NAFLD 517 1.05 (0.89, 1.24) 284 1.02 (0.81, 1.29) 233 1.11 (0.82, 1.51)

Cancer

No NAFLD 440 Ref 224 Ref 216 Ref

NAFLD 278 1.13 (0.91, 1.39) 139 0.92 (0.71, 1.19) 139 1.37 (0.96, 1.96)

Diabetes

No NAFLD 67 Ref 30 Ref 37 Ref

NAFLD 88 2.25 (1.21, 4.18) 38 2.43 (0.94, 6.32) 50 2.16 (1.02, 4.58)

LD

No NAFLD 26 Ref 10 Ref 16 Ref

NAFLD 29 2.66 (0.83, 8.60) 13 8.83 (2.29, 34.03) 16 1.10 (0.34, 3.49)

*Adjusted by age, sex, race/ethnicity, education, physical activity, smoking, alcohol, and BMI.

taBle 3. Race/ethnic-Specific HRs of all-Cause and Cause-Specific Mortality associated With NaFlD, NHaNeS III

White Black Mexican American

Deaths HR* 95% CI Deaths HR* 95% CI Deaths HR* 95% CI

All causes

No NAFLD 885 Ref 625 Ref 453 Ref

NAFLD 651 1.25 (1.09, 1.44) 338 1.18 (0.98, 1.41) 473 1.04 (0.88, 1.24)

CVD

No NAFLD 311 Ref 240 Ref 133 Ref

NAFLD 236 1.10 (0.90, 1.36) 118 0.90 (0.69, 1.16) 154 0.98 (0.74, 1.30)

Cancer

No NAFLD 194 Ref 139 Ref 96 Ref

NAFLD 129 1.21 (0.95, 1.55) 57 1.17 (0.80, 1.72) 87 0.99 (0.69, 1.41)

Diabetes

No NAFLD 9 Ref 31 Ref 27 Ref

NAFLD 25 2.61 (1.03, 6.59) 26 1.77 (0.96, 3.26) 34 1.48 (0.74, 2.97)

LD

No NAFLD 5 Ref 8 Ref 12 Ref

NAFLD 6 3.97 (0.79, 20.07) 5 1.71 (0.39, 7.56) 17 1.44 (0.59, 3.56)

*Adjusted by age, sex, race/ethnicity, education, physical activity, smoking, alcohol, and BMI.
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To examine whether mortality risks were par-
ticularly high in association with NASH, persons 
with NAFLD, both with and without elevated 
enzymes, were compared to persons without NAFLD 
(Supporting Table S2). The analysis found that per-
sons with NAFLD without elevated enzymes had 
a higher risk of all-cause mortality (HR, 1.17; 95% 
CI, 1.03, 1.33), as did persons with NAFLD with 
elevated enzymes (HR, 1.58; 95% CI, 1.21, 2.08). In 
contrast, risk of LD mortality was higher only among 
the group with elevated enzyme levels (HR, 7.75; 
95% CI, 3.20, 18.77), but not among the group with-
out (HR, 1.03; 95% CI, 0.44, 2.42). In the analyses 
stratified on sex, women with NAFLD had mortal-
ity risks attributed to all causes regardless of enzyme 
levels, whereas men with NAFLD only had increased 
risk of overall mortality if they had elevated enzyme 
levels. Among both men and women with NAFLD, 
risk of LD mortality was only elevated in persons 
with elevated enzymes. In the analyses stratified on 
race/ethnicity, whites with NAFLD had an increased 
risk of all-cause mortality regardless of enzyme level, 
whereas blacks were only at increased risk if they 
had elevated enzyme levels, and Mexican Americans 
had no increased risks. For LD mortality, risks were 

significantly increased among whites and blacks, but 
not among Mexican Americans.

Table 4 shows the PAFs of NAFLD overall and by 
sex. Overall, the PAF associated with all-cause mor-
tality was 7.5% (95% CI, 3.0, 12.0), which equates to 
200,115 (range, 79,461-320,769) deaths in the U.S. 
population in 2015. For cause-specific mortality, the 
PAF was highest for diabetes (38.0%; 95% CI, 13.1, 
63.0), which equated to 30,220 deaths. A similarly 
high PAF was found for LD mortality (36.0%; 95% 
CI, −2.2, 74.1), but the 95% CI included zero. PAFs for 
CVD (2.2%) and cancer (4.7%) were smaller, and the 
95% CI included zero. Examining sex-specific PAFs, 
the PAFs for all-cause mortality were similar among 
women (9.1%; 95% CI, 3.5, 14.7) and men (6.4%; 95% 
CI, 0.2, 12.6), as were the PAFs for diabetes-specific 
mortality (women: 36.8%; 95% CI, 6.6, 67.0; men: 
40.8%; 95% CI, 2.1, 79.6). In contrast, men had a nota-
bly elevated PAF for LD mortality (68.3%; 95% CI, 
36.3, 100.0), but women did not (3.5%; 95% CI, −39.7, 
46.8). Neither men nor women had elevated PAFs for 
CVD or cancer.

Examining race/ethnicity-specific results (Table 5), 
the PAFs of NAFLD for all-cause mortality (9.3%; 
95% CI, 4.0, 14.6) and diabetes-specific mortality 

taBle 4. overall and Sex-Specific paFs of NaFlD to all-Cause and Cause-Specific Mortality, NHaNeS III, and total 
Number of Deaths associated With NaFlD in the U.S. population in 2015

All Men Women

PAF* % 95% CI Total Deaths Range PAF* % 95% CI PAF* % 95% CI

All causes 7.5 (3.0, 12.0) 200,115 (79,461, 320,769) 6.4 (0.2, 12.6) 9.1 (3.5, 14.7)

CVD 2.2 (−5.1, 9.5) 14,168 (−31,950, 60,286) 1.1 (−9.6, 11.8) 4.3 (−7.6, 16.1)

Cancer 4.7 (−3.3, 12.7) 23,434 (−16,462, 63,329) −3.6 (−14.2, 7.0) 11.5 (−1.0, 23.9)

Diabetes mellitus 38.0 (13.1, 63.0) 30,220 (10,390, 50,051) 40.8 (2.1, 79.6) 36.8 (6.6, 67.0)

LD 36.0 (−2.2, 74.1) 23,735 (−1,420, 48,890) 68.3 (36.3, 100.0) 3.5 (−39.7, 46.8)

*Adjusted by age, sex, race/ethnicity, education, physical activity, smoking, alcohol, and BMI.

taBle 5. Race/ethnic-Specific paFs of NaFlD to all-Cause and Cause-Specific Mortality, NHaNeS III

White Black Mexican American

PAF* % 95% CI PAF* % 95% CI PAF* % 95% CI

All causes 9.3 (4.0, 14.6) 5.7 (−0.1, 11.5) 2.1 (−6.7, 10.9)

CVD 4.4 (−5.1, 13.9) −4.1 (−13.6, 5.3) −0.9 (−17.7, 15.9)

Cancer 7.6 (−3.7, 18.8) 4.9 (−7.6, 17.4) −0.7 (−20.1, 18.7)

Diabetes 44.4 (10.8, 78.0) 23.3 (−2.6, 49.2) 21.3 (−10.0, 52.6)

LD 47.1 (−0.5, 94.8) 21.5 (−36.5, 79.6) 18.0 (−24.8, 60.7)

*Adjusted by age, sex, race/ethnicity, education, physical activity, smoking, alcohol, and BMI.
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(44.4%; 95% CI, 10.8, 78.0) were increased in whites, 
but not in blacks or Mexican Americans.

Discussion
In the current study, NAFLD was associated over-

all with significantly increased risks of all-cause mor-
tality and diabetes mortality; and among men, with 
LD mortality. The attributable risk of NAFLD for 
all-cause mortality was 7.5%. Based on this, NAFLD 
is estimated to account for more than 200,000 deaths 
in the U.S. population in 2015. The attributable risk 
of NAFLD for diabetes mortality was 38%, which 
accounted for more than 30,000 deaths in the same 
time period. The PAFs were similar among men and 
women for all-cause mortality and diabetes mortality, 
but the PAF of NAFLD for LD mortality was nota-
bly higher among men (68%) than women (3.5%).

Earlier studies using NHANES III data (1988-
1994) have reported conflicting results concerning the 
association between NAFLD and mortality. Unlike 
the current analysis, an earlier analysis with follow-up 
to 2006 found no increased risk of death with ultra-
sound-defined NAFLD.(6) The longer follow-up time 
in the current analysis with the corresponding increase 
in the number of deaths may explain the discrepancy 
in findings. In addition, the former analysis defined 
NAFLD as moderate-to-severe steatosis, whereas 
the current analysis defined NAFLD as mild-to- 
severe steatosis in order to cover the entire spectrum of 
NAFLD.(1) The current analysis also did not adjust for 
conditions of MetS given that they are strongly related 
to NAFLD, and we believe that adjusting for these 
conditions could result in overadjustment that would 
bias the association between NAFLD and mortality. A 
2018 analysis of NHANES III data, which measured 
NAFLD by several liver fat scores (LFSs) rather than 
ultrasonography, reported that higher scores with the 
U.S. Fatty Liver Index and the NAFLD-LFS were 
associated with increased risk of LD mortality, but not 
mortality attributed to other causes.(10) Comparisons 
with the current analysis are not straightforward, how-
ever, because there were a number of differences in the 
definition of NAFLD, definition of the analytical sam-
ple, and covariates used for adjustment in the analysis.

NAFLD, which is associated with MetS, obe-
sity, and diabetes,(24) has increased in prevalence 
in parallel with epidemics of diabetes and obesity 

in the United States.(5) Obesity may play a role in 
both initiation of liver steatosis and progression of 
NAFLD.(25) Furthermore, prevalence of NAFLD is 
highest among persons with diabetes,(26) with studies 
reporting a prevalence of nearly 70%.(27) In the cur-
rent study, weighted prevalence of NAFLD among 
individuals with diabetes was approximately 54%. In 
addition, NAFLD has been reported to increase the 
risk of morbidity and mortality in persons with dia-
betes,(28-30) which is consistent with the increased 
risk of diabetes mortality and large proportion of 
diabetes deaths associated with NAFLD noted 
in the current study. Similarly, NAFLD has been 
reported to increase the risk of LD progression and 
mortality. A long-term follow-up study of NAFLD 
and disease-specific mortality found that persons 
with NAFLD had elevated risk of death from LDs, 
including cirrhosis and HCC.(8) In agreement, 
a recent U.S. study that analyzed data from the 
NCHS reported that the leading causes of CLD-
related deaths are NAFLD (41%) and alcohol- 
associated LD (32%).(31)

The current study found that the PAF of NAFLD 
for CVD mortality and cancer mortality was <10%. 
This relatively small percentage may be because fac-
tors other than NAFLD are known to contribute sub-
stantially to those deaths. For example, the proportion 
of CVD deaths attributable to smoking has been 
reported to be approximately 20%, and the propor-
tion attributable to the combination of smoking and 
hypertension is >40%.(32) Similarly, the proportion of 
cancer deaths attributable to smoking in the United 
States is almost 30%.(33) Other factors, including alco-
hol intake, poor diet (defined as consumption of red 
and processed meat and low consumption of fruits/
vegetables, dietary fiber, and dietary calcium), physical 
inactivity, and excess body weight, are also major con-
tributors to cancer mortality.(33)

Among women in the current study, 9.1% of all 
deaths were associated with NAFLD, whereas among 
men, 6.4% of all deaths were associated with NAFLD, 
although the estimates had overlapping CIs. Whether 
there are sex differences in the association of NAFLD 
and mortality, however, is uncertain. In the current 
study, risk of CVD mortality was approximately the 
same among men and women, but the PAF was higher 
among women (4.3%) than men (1.1%). A large 
Korean study found that NAFLD was associated with 
increased risk of all-cause mortality and mortality 
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attributable to cancer, CVD, and LD among women, 
but not men.(9) Similarly, a study using NHANES 
III and NHANES 1999-2014 data found that risk 
of 5-year mortality was higher among women with 
NAFLD compared to women without NAFLD.(34) 
Although NAFLD is more common among men, 
risk and progression from simple steatosis to NASH 
has been suggested to increase among women after 
menopause.(35-39) In the current study, however, preva-
lence of NASH among women aged ≥55 years (3.3%) 
was similar to that of women aged <55 years (3.4%). 
In contrast, prevalence of NASH among men aged 
≥55  years was 2.9%, whereas prevalence among men 
aged <55  years was 5.2%. These data indicate that 
risk of NASH may remain stable among women, but 
decline with age among men. Why this would be the 
case is not certain, but it may suggest that, among 
men, the higher prevalence of NASH at younger 
ages brings a higher mortality risk. In support of this 
hypothesis, the current study found that the PAF of 
NAFLD for LD mortality was notably higher among 
men (68.3%) than women (3.5%), a finding which 
was driven by a much greater risk of LD mortality 
among men as well as a higher prevalence of NAFLD.

Racial/ethnic disparities in NAFLD prevalence 
and severity may be influenced by multiple factors, 
including environmental and genetic factors as well 
as socioeconomic status and less access to health 
care.(40) The current analysis found higher PAFs for 
mortality attributable to all causes, diabetes, and LD 
among whites in comparison to blacks and Mexican 
Americans. These results are consistent with some, 
but not all, earlier studies. A recent review of 34 stud-
ies found that, although some studies reported higher 
risks of all-cause mortality among blacks compared to 
whites, other studies have reported higher risks of all-
cause mortality and LD mortality among whites than 
among other racial/ethnic groups.(41)

The current study estimated that more than 
200,000 deaths were associated with NAFLD in 
2015. A recent study reported that among individuals 
with NAFLD, total deaths were expected to increase 
44% and liver-related deaths 178% between 2015 and 
2030 in the United States.(18) In addition, the study 
projected that 40% of deaths among persons with 
NAFLD will occur among those with NASH,(18) 
which will result in a 3% increase in all-cause mor-
tality among persons with NASH by 2030.(18) In the 
current study, PAFs for NASH could not be calculated 

because of the small number of events, but there was 
a higher risk of all-cause and LD mortality among 
individuals with NASH.

The study had several strengths, including the use of 
a large, nationally representative sample that permitted 
the results to be extrapolated to the general popula-
tion of U.S. adults. In addition, the analysis was able to 
account for a wide variety of sociodemographic, clin-
ical, and lifestyle factors. Finally, the long duration of 
follow-up (more than two decades) provided sufficient 
time for mortality to occur, and the ascertainment of 
vital status using the NDI is almost 100%.(15)

In addition to the strengths, there were also some 
limitations. The study relied on ultrasonography 
rather than liver biopsy for the determination of HS. 
However, in 2011, a systematic review and meta- 
analysis reported that ultrasonography can accurately 
detect steatosis with high sensitivity (84.8%) and spec-
ificity (93.6%) and an area under the curve of 0.93.(42) 
More recently, a study that evaluated the validity of 
ultrasound versus magnetic resonance spectroscopy 
found a sensitivity of 96% and a specificity of 94%.(43) 
Moreover, both studies reported that abdominal ultra-
sound is a valid method for detecting HS in both 
clinical and population settings.(42,43) Furthermore, it 
would not be feasible to conduct routine liver biopsies 
as part of a population survey. Another limitation of 
the current study was the lack of validation of cause 
of death. However, a recent study validating causes of 
death in the NDI versus the Department of Defense’s 
Armed Forces Medical Examiner Systems found good 
agreement between the sources of information.(44) In 
addition, the current analysis was based on a single 
measurement of NAFLD, and changes could have 
occurred over time. In addition, although there was an 
attempt to control for important confounders in the 
analysis, residual confounding could still have affected 
the results, as is the case for any epidemiology study. 
Furthermore, because we only have U.S. estimates of 
the prevalence of NAFLD jointly with the other risk 
factors and covariates at the time of NHANES III, 
the calculation of the associated number of deaths for 
2015 uses these prevalences as an approximation of 
what they would be in 2015. Finally, some of the esti-
mates had limited statistical power because of small 
numbers of events, particularly in analyses stratified 
by race/ethnicity or sex.

In the current study, almost 8% of all-cause 
mortality and more than one-third of LD and 
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diabetes-specific deaths in the United States were 
associated with NAFLD in 2015. Regardless of sex 
or racial/ethnic group, prevalence of NAFLD is high 
in the population and is increasing; thus, the number 
of sequelae will continue to grow. NAFLD is already 
a major cause for liver transplantation,(45,46) under-
scoring the importance for effective interventions to 
reduce the prevalence of NAFLD and other metabolic 
conditions in the United States.
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