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Abstract
Background Nonalcoholic fatty liver disease (NAFLD) has become the most common form of chronic liver disease in the 
USA. Interestingly, most patients with NAFLD are unaware of having any liver disease (LD). We aimed to assess the aware-
ness of suspected NAFLD and factors associated with being aware of LD.
Methods Adult subjects with suspected NAFLD (BMI > 25) with elevated ALT in the absence of secondary causes of LD 
who participated in the continuous national health and nutrition examination survey (NHANES) during 2001–2016 were 
identified and analyzed. Trends of NAFLD awareness were then assessed in periods of 4 years each. Multivariable logistic 
regression analysis was performed to assess factors associated with LD awareness.
Results A total of 7033 subjects were included in the final analysis (1731, 1757, 1711, and 1834 subjects for the periods 
of 2001–2004, 2005–2008, 2009–2012, and 2013–2016, respectively). Over the study duration, an increase in BMI, waist 
circumference, diabetes, and HbA1c; and a decrease in the number of smokers, platelets count, bilirubin, total cholesterol, 
and LDL level were noticed (p < 0.001). Awareness of having LD across study periods has increased over time from 1.5% 
in the 2001–2004 periods to 3.1% in the 2013–2016 periods. Multivariable logistic regression analysis showed that older 
age, ethnicity (non-black), having fewer drinks/week, metabolic syndrome, higher ALT, ALP, and GGT were associated 
with being aware of having LD.
Conclusions Awareness of having LD among subjects with suspected NAFLD has increased over the last two decades, but 
more than 95% of these patients are still unaware of having LD. Educational programs to increase awareness of LD and risk 
factors for NAFLD should be implemented on a large scale.
Clinical Trial Registration Number Not required, as we used de-identified NHANES data.
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Introduction

Over the past few decades, nonalcoholic fatty liver disease 
(NAFLD) has become the most common form of chronic 
liver disease, both in developed and developing coun-
tries. The imaging-based global prevalence of NAFLD 
has been estimated to be around 25%, affecting nearly 1.8 
billion individuals worldwide [1]. The overall prevalence 
of NAFLD among US adults was found to be 21.9%, rep-
resenting 51.6 million adults, and as many as 5 million 
adults were estimated to have advanced disease [2]. The 
pathological spectrum of NAFLD ranges from simple stea-
tosis, which is considered as a benign condition, to nonal-
coholic steatohepatitis (NASH) to advanced fibrosis (AF), 
cirrhosis, and end-stage liver disease (ESLD). NASH is 
considered the trigger for progression to AF and cirrho-
sis, further leading to complications related to ESLD. 
In a recent study, the prevalence of NASH-cirrhosis and 
NAFLD-associated fibrosis has increased by 2.5- and two-
fold in the US population [3]. Over the last decade, hepa-
titis C virus (HSV) infection has been the leading cause 
of liver transplantation in men, but a recent study reported 
NASH to be the leading cause of liver transplantation in 
women, and the second leading cause for men in 2016, 
indicating the rising healthcare burden from NASH and 
its associated complications [4].

Insulin resistance and other features of metabolic 
syndrome (MetS) have been postulated to be associated 
with the pathogenesis of NAFLD, although the exact 
mechanisms are still unknown [5]. With the ongoing obe-
sity epidemic, an increasing prevalence of diabetes, and 
other features of MetS, the prevalence of NAFLD is on 
the rise with a fast pace [6, 7]. However, a majority of 
these patients will not develop liver-related complication 
with the most common cause of death being related to 
cardiovascular diseases, followed by malignancy [8, 9]. 
Patients with NAFLD are also at a higher risk of hav-
ing chronic kidney disease [10] and other complication 
related to metabolic syndrome, especially in diabetics [11]. 
Despite the growing burden of NAFLD and its associated 
complications, there is a lack of awareness among primary 
care physicians, hospital specialists, and most importantly 
among the patients. In a survey of 302 patients in an out-
patient clinical setting, only 18% of respondents were 
familiar with NAFLD. Interestingly, 67% of the unaware 
subjects had metabolic risk factors [6]. Another study from 
Hong Kong also showed low awareness (17%) of NAFLD 
among the general population, with misconceptions about 
the diagnosis and clinical presentation [12].

Low awareness of NAFLD among the general popula-
tion is a matter of great concern as low awareness can 
delay healthcare screening and prevention of NAFLD 

and its related complications. This is also important for 
resource allocation, and the creation and implementation 
of awareness programs. Therefore, we aimed to assess 
the awareness of suspected NAFLD and factors associ-
ated with being aware of having a liver disease (LD) in a 
large adult (age ≥ 20 years) US sample population using 
the National Health and Nutrition Examination Survey 
(NHANES) database.

Methods

Data Source

The NHANES is a survey program conducted by the 
National Center for Health Statistics (NCHS), which is part 
of the Centers for Disease Control and Prevention (CDC). 
The program is designed to assess the health and nutritional 
status of adults and children in the USA. It began in the 
early 1960s and became a continuous program in 1999. It 
examines a sample of 5000 persons a year from different 
counties across the USA representing the US population 
of all ages. The survey includes interview questionnaires, 
standardized physical examination, and laboratory tests from 
blood samples collected at examination centers and analyzed 
at a central laboratory. The survey was approved by the Insti-
tutional Review Board at the Center for Disease Control and 
Prevention, and informed consent was obtained from all par-
ticipants. Data obtained during the 2001–2004, 2005–2008, 
2009–2012, and 2013–2016 cycles were analyzed.

Inclusion and Exclusion Criteria

Participants 18 years or older with available demographic 
(gender, age, and ethnicity) and clinical (body mass index 
[BMI], waist circumference, systolic blood pressure, and 
diastolic blood pressure) data were analyzed. The follow-
ing laboratory data were collected for analysis: aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
γ-glutamyl transpeptidase (GGT), alkaline phosphatase, 
albumin, total bilirubin, platelet count, creatinine, fasting 
glucose, fasting insulin, hemoglobin A1C (HbA1c), triglyc-
erides, high-density lipoprotein (HDL), and low-density 
lipoprotein (LDL).

Patients were included if they had suspected NAFLD 
defined as being overweight (BMI ≥ 25 kg/m2) and elevated 
ALT, or hepatic steatosis index (HSI) ≥ 36, in the absence 
of secondary causes of hepatic steatosis.

We excluded participants with viral hepatitis (B or C), 
excessive alcohol consumption, AST or ALT > 500 U/l, 
patients on hepatotoxic drugs (known use of cholesterol-
lowering medications, steroids [prednisone or cortisone] or 
tuberculosis medications for preventing or treating disease), 
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and participants who did not respond to the liver-related 
questionnaires (Table 1).

Definitions

MetS was defined according to the updated International 
Diabetes Federation (IDF) [13] criteria as follows:

Central Obesity (waist circumference ≥ 102 cm for men 
or ≥ 88 cm for women) plus at least 2 of the following:

Fasting plasma glucose > 110 mg/dL or history of oral 
hypoglycemic, insulin or diabetes.
Blood pressure > 130/85 mmHg.
Triglycerides > 150 mg/dL.
Low HDL.

Obesity was defined as BMI ≥ 30 kg/m2 and severe obe-
sity as BMI ≥ 40 kg/m2.

Abnormal liver tests included one of the following: 
ALT > 30U/L for men and > 19 U/L for women, alkaline 
phosphatase > 113 U/L or total bilirubin > 1.3 mg/dL.

HSI [14] was calculated using the following formula: 
8 × (AST/ALT) + BMI (+2, if DM; +2, if female). The non-
invasive fibrosis scores (APRI, FIB-4, and NFS) were used 
to detect AF. We defined NAFLD-associated AF as one of 
the following fibrosis markers: AST/ALT > 1.4, APRI > 1.5, 
FIB-4 index > 2.67, or NFS > 0.676.

We used the following equation to calculate APRI: (AST 
[U/L]/ULN)/platelet [109/l]) × 100. ULN stands for upper 
limit of normal. FIB-4 was calculated from the following 
equation (Age [yrs.] × AST [U/L])/(platelets [10 9/l] × ALT 
[U/L] 1/2). NFS was calculated as: − 1.675 + (0.037 × Age 
[yrs.]) + (0.094 × BMI [kg/m2]) + (1.13 × impaired fasting 
glucose/diabetes) + (0.99 × AST/ALT) − (0.013 × platelet 
[10 9/L]) − (0.66 × albumin (g/dL)).

Excessive alcohol consumption was defined as > 2 
drinks/day for men and > 1 drink/day for women in the past 
year. A current smoker was defined as reports of ongo-
ing smoking. Hypertension was defined as systolic blood 

pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm 
Hg or use of antihypertensive medications.

Diabetes was defined as fasting blood glucose ≥ 126, 
HbA1c > 6%, history of use of oral hypoglycemic or insu-
lin, and/or report of having diabetes. Hypercholesterolemia 
was defined as cholesterol > 200 mg/dl or LDL ≥ 139 mg/dl. 
Hypertriglyceridemia was defined as triglycerides > 150 mg/
dl, and low HDL was defined as high-density lipopro-
tein ≤ 40 mg/dl for men or ≤ 50 mg/dl for women.

Awareness was defined according to the individual’s 
response to specific NHANES questionnaires (MCQ160L 
and MCQ170QL). The subjects were considered “aware” 
of ever having a LD or current LD, if they answered, “Yes” 
under questions MCQ160L (has a doctor or other health 
professional ever told you that you had any kind of liver 
condition?) and MC170QL (do you still have any kind of 
liver condition?) of the medical conditions questionnaire. 
An answer of “No” or “Don’t know” to MCQ160L or 
MCQ170L was considered as being “unaware.”

Statistical Analysis

Data are presented as a weighted mean ± standard error 
(SE) or percentage. Weighted linear and logistic regression 
analyses were used to assess trends across different time 
periods. In addition, multivariable weighted logistic regres-
sion analysis was performed to assess factors associated 
with LD awareness; all factors except steatosis and fibro-
sis scores were considered for inclusion, and a backward 
elimination method was used to choose the final model. All 
analyses were performed using SAS SURVEY procedures 
(version 9.4, The SAS Institute, Cary, NC), which account 
for the complex sampling design of NHANES and appropri-
ately weight participants in statistical models. Fasting glu-
cose weights were used in all analyses; combined weights 
were calculated following the guidelines provided in the 
NHANES analytic guidelines [15]. Survey sample weights 
account for oversampling as well as survey non-response; 
proper usage of these in analysis ensures the calculated 

Table 1  Summary of patient selection

2001–2004 2005–2008 2009–2012 2013–2016 Total

Adult participants with Suspected NAFLD 2614 2926 3059 3076 11,675
Exclusions
 Did not answer LD-related questions − 149 − 110 − 82 − 79 − 420
 No information on alcohol use − 151 − 188 − 303 − 242 − 884
 Excessive alcohol use − 205 − 252 − 320 − 267 − 1044
 Report of chronic viral infection − 78 − 80 − 77 − 70 − 305
 Report of hepatotoxic medications use − 300 − 539 − 566 − 584 − 1989

Included in analysis subset (unweighted N) 1731 1757 1711 1834 7033
Included in analysis subset (weighted N) 9,445,902 9,220,616 8,756,071 9,745,236 37,167,825
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estimates are representative of the US civilian non-institu-
tionalized population. Also, data sub-setting was done fol-
lowing the inclusion/exclusion criteria described above but, 
to have a proper estimation of the parameters of interest, the 
entire set of data containing appropriate weights was used 
with the estimation procedure indicating which records were 
in the subgroup of interest [15]. A significance level of 0.05 
was used for all analyses.

Results

Characteristics of Study Participants

After exclusions (Table 1), a total of 7033 subjects were 
included in the final analysis (1731, 1757, 1711, and 
1834 subjects for the periods of 2001–2004, 2005–2008, 
2009–2012, and 2013–2016, respectively). Table 2 shows 
the participants characteristics. Overall, there were no sig-
nificant differences among different cycles regarding age, 
gender, and ethnicity. A significant increase in BMI, waist 
circumference, severe obesity, diabetes, MetS, and hyper-
triglyceridemia was noted from 2001–2004 to 2013–2016 
cycles (p < 0.05 for all). Interestingly, there was no differ-
ence in central obesity among various cycles (p = 0.17). The 
percentage of current smokers decreased from 21.4% in 
2001–2004 cycles to 14.4% during 2013–2016 (p < 0.001). 
In terms of laboratory data, a significant decrease in albu-
min, platelets, creatinine, total cholesterol, and LDL; and an 
increase in AST, ALT, bilirubin, triglycerides, and HbA1c 
were noted with progressive study intervals (p < 0.05 for all).

Based on HSI ≥ 36, there has been a progressive rise 
in the prevalence of suspected NAFLD from 71.6% in 
2001–2004 to 74–74.5% in the next two cycles, and 76.1% 
during 2012–2016 (p = 0.04). A twofold increase in the prev-
alence of AF (NFS > 0.676) was noted during these progres-
sive intervals (2.2–4.4%, p < 0.001) (Table 2).

NAFLD Awareness in Different NHANES Cycles

In terms of awareness of LD, there was no difference in the 
awareness of participants regarding having an LD at any 
time (p = 0.29). But, awareness of having LD across study 
periods has increased over time from 1.5% in the 2001–2004 
periods to 3.1% during 2013–2016 (p = 0.03) (Table 2) Also, 
the awareness of LD among subjects with suspected NAFLD 
and HSI > 36 have increased from 1.6 to 3.4% (p = 0.025) 
during these study intervals. The awareness of LD among 
patients with suspected NAFLD and AF (NFS > 0.676) ini-
tially increased from 3.5% in 2001–2004 cycles to 12.5% in 
2005–2008. But, it decreased to 3% in 2009–2012 and 3.5% 
in 2013–2016 cycles (p = 0.88) (Fig. 1).

For multivariate analysis, age, gender, ethnicity, severe 
obesity, smoking, average number of drinks per day, MetS, 
albumin, platelet count, ALT, AST, alkaline phosphatase, 
bilirubin, creatinine, cholesterol, triglycerides, HDL, LDL, 
GGT and glycohemoglobin were considered for inclusion in 
the model. After using a backward elimination method gen-
der, severe obesity, smoking, albumin, platelet count, AST, 
bilirubin, creatinine, cholesterol, triglycerides, HDL, LDL, 
and glycohemoglobin were not included in the final model. 
The results of multivariable regression analysis showed that 
older age and having fewer number of drinks/day was asso-
ciated with being aware of having a LD (odd ratio [OR] 
95% confidence interval {CI}; 1.1 (1.04, 1.2) (p = 0.002) and 
0.47 (0.26, 0.88) (p = 0.018)). In terms of race, compared 
to blacks, Caucasian, other Hispanics (except Mexican-
American), or other races (American Indian/Alaska Native/
Asian/Pacific Islander/Native Hawaiian/multiracial) were 
more aware of having a LD (OR [95% CI]; 3.0 (1.3, 7.1), 
4.2 (1.7, 10.7), and 4.5 (1.4, 14.1)) with p values of 0.011, 
0.003, and 0.011, respectively. Subjects with MetS had two-
fold higher awareness of having an LD than without MetS 
(OR [95% CI]; 2.1 (1.3, 3.4) (p = 0.005)). Finally, subjects 
with higher ALT, ALP, and GGT were more aware of having 
a LD (OR [95% CI]; 1.3 (1.1, 1.5) (p < 0.001), 1.09 (1.00, 
1.2) (p = 0.039), and 1.1 (1.04, 1.2) (p = 0.004), respectively) 
(Table 3). 

Discussion

Our study highlights the critical findings that despite an 
increase in awareness of having a LD (1.5–3.1% during 
the study periods of 2001–2004 to 2013–2016 [p = 0.03]), 
especially among subjects with suspected NAFLD and 
HSI > 36 (1.6–3.4% [p = 0.025]), more than 95% of the adult 
US population with suspected NAFLD is still unaware of 
having any LD, suggesting the low awareness among this 
high-risk group. A twofold increase in the prevalence of AF 
was also noted during these progressive intervals (2.2–4.4%, 
p < 0.001), but only 3–3.5% of these high-risk patients had 
awareness of having LD over the past decade. There was no 
significant increase in awareness during different cycles in 
those with AF (p = 0.88). Over the study intervals, a signifi-
cant increase in BMI, waist circumference, severe obesity, 
diabetes, MetS, and hypertriglyceridemia was noted among 
these participants (p < 0.05 for all), indicating the increase in 
risk factors for NAFLD. Older age, non-blacks, and subjects 
with MetS, and higher values of liver enzymes (ALT, ALP, 
and GGT) were found to have a higher awareness of having 
LD. To our knowledge, this is the first and largest study 
highlighting the low awareness of having an LD among the 
representative US population, especially in subjects with 
suspected NAFLD and AF.
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Table 2  Characteristics of adult participants with suspected NAFLD

N missing: unweighted frequencies of missing values
Statistics presented as weighted mean ± standard error or unweighted frequency (weighted %)
Weighted univariate linear and logistic regression were used to obtain trend p values
Statistically significant results are higlighted in bold
BMI body mass index, HTN hypertension, HDL high-density lipoprotein, ALT alanine aminotransferase, AST aspartate aminotransferase, LDL 
low-density lipoprotein, GGT  gamma glutamyl transferase, HSI hepatic steatosis index, APRI AST to platelet ratio, FIB-4 fibrosis-4, NFS nonal-
coholic fatty liver fibrosis score, LD liver disease

Factor N missing 2001–2004 2005–2008 2009–2012 2013–2016 Trend p value
N = 1731 N = 1757 N = 1711 N = 1834

Gender 0 0.14
Female 983 (53.7) 963 (50.4) 896 (49.0) 993 (50.5)
Male 748 (46.3) 794 (49.6) 815 (51.0) 841 (49.5)
Age (years) 0 44.1 ± 0.43 44.2 ± 0.45 44.0 ± 0.51 43.7 ± 0.57 0.52
Race 0
Mexican–American 532 (11.6) 504 (13.3) 410 (13.7) 457 (15.9) 0.17
Other Hispanic 72 (6.0) 172 (5.5) 228 (8.0) 281 (9.1) 0.053
White (non-Hispanic) 799 (69.1) 751 (68.8) 678 (63.8) 610 (59.7) 0.013
Black (non-Hispanic) 273 (8.9) 275 (8.5) 268 (8.5) 278 (8.6) 0.81
Other race 55 (4.4) 55 (3.9) 127 (6.0) 208 (6.7) 0.008
BMI 0 32.0 ± 0.21 32.7 ± 0.25 32.5 ± 0.23 33.4 ± 0.23 < 0.001
Severely obese (BMI 40 +) 0 173 (10.2) 195 (12.0) 210 (11.2) 250 (14.3) 0.009
Waist Circumference (cm) 108 105.3 ± 0.52 106.8 ± 0.62 106.6 ± 0.57 108.7 ± 0.51 < 0.001
Central obesity 108 1333 (78.0) 1350 (78.2) 1324 (77.7) 1432 (81.2) 0.17
Avg. # of drinks/day 0 0.20 ± 0.02 0.20 ± 0.02 0.23 ± 0.02 0.23 ± 0.01 0.087
Current smoker 7 336 (21.4) 296 (17.5) 293 (15.5) 272 (14.4) < 0.001
HTN 113 611 (33.2) 575 (32.3) 578 (31.3) 596 (31.8) 0.43
Diabetes 0 292 (12.6) 306 (13.9) 392 (18.2) 413 (17.2) < 0.001
Low HDL 3 779 (47.4) 834 (47.8) 863 (50.3) 905 (46.4) 0.92
Hypertriglyceridemia 4 731 (41.4) 919 (52.7) 849 (49.7) 950 (51.8) < 0.001
Metabolic Syndrome 135 672 (38.8) 773 (45.1) 773 (44.4) 831 (44.7) 0.016
Albumin (g/dL) 1 4.3 ± 0.01 4.2 ± 0.01 4.3 ± 0.01 4.3 ± 0.01 < 0.001
Platelet count (1000 cells/uL) 19 276.8 ± 1.8 279.0 ± 1.7 243.3 ± 2.0 245.2 ± 2.0 < 0.001
ALT (U/L) 0 37.3 ± 0.68 38.6 ± 0.54 39.1 ± 0.56 39.3 ± 0.53 0.022
AST (U/L) 1 30.0 ± 0.60 30.6 ± 0.41 31.8 ± 0.61 31.4 ± 0.56 0.05
Alkaline phosphatase (U/L) 0 72.7 ± 0.76 72.4 ± 0.75 71.4 ± 0.62 72.5 ± 1.3 0.76
Bilirubin, total (mg/dL) 4 0.75 ± 0.01 0.75 ± 0.01 0.74 ± 0.01 0.58 ± 0.01 < 0.001
Creatinine (mg/dL) 1 0.87 ± 0.01 0.87 ± 0.01 0.86 ± 0.01 0.85 ± 0.01 0.037
Cholesterol (mg/dL) 1 211.3 ± 1.3 210.0 ± 1.4 204.1 ± 1.3 204.8 ± 1.9 < 0.001
Triglycerides (mg/dL) 4 169.7 ± 4.4 201.5 ± 6.3 192.3 ± 3.8 195.9 ± 8.2 0.018
HDL (mg/dL) 3 48.1 ± 0.39 47.5 ± 0.61 47.3 ± 0.44 48.3 ± 0.56 0.86
LDL (mg/dL) 7 129.3 ± 1.3 122.2 ± 1.2 118.5 ± 1.3 117.4 ± 1.3 < 0.001
GGT (U/L) 0 37.3 ± 0.96 38.2 ± 1.3 35.1 ± 0.77 39.2 ± 1.1 0.5
Glycohemoglobin (%) 9 5.6 ± 0.02 5.5 ± 0.03 5.7 ± 0.03 5.7 ± 0.03 < 0.001
HSI > 36 1 1262(71.6) 1335 (74.0) 1305 (74.7) 1416 (76.1) 0.04
AST/ALT > 1.4 1 35 (1.6) 34 (1.7) 51 (2.9) 58 (2.9) 0.015
APRI > 1.5 20 11 (0.59) 7 (0.26) 12 (0.60) 15 (0.63) 0.66
FIB-4 > 2.67 20 42 (1.8) 30 (1.06) 44 (2.3) 54 (2.4) 0.14
NFS > 0.676 21 57 (2.2) 61 (2.5) 78 (2.9) 102 (4.7) < 0.001
Aware of having liver disease at any time 0 0.29
Aware of LD 60 (3.4) 61 (3.3) 60 (2.9) 94 (4.5)
Not aware of any LD 1671 (96.6) 1696 (96.7) 1651 (97.1) 1740 (95.5)
Aware of currently having liver disease 0 0.03
Aware of current LD 26 (1.5) 35 (2.2) 31 (1.8) 57 (3.1)
Not aware of current LD 1705 (98.5) 1722 (97.8) 1680 (98.2) 1777 (96.9)
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With the ongoing obesity epidemic, increasing preva-
lence of diabetes, and other features of metabolic syndrome 
the prevalence of NAFLD, NASH-cirrhosis, and NAFLD-
associated fibrosis is on the rise making it the leading cause 
of liver transplantation in USA [4]. Even in our study a 
twofold increase in the prevalence of AF was noted dur-
ing progressive intervals (2.2–4.4%, p < 0.001). Despite all 
this, the overall awareness of NAFLD, especially with AF, 
has remained low in the general population. In 2012, in a 
survey of 302 patients, Wieland and colleagues [6] found 
that only 18% of the respondents were aware of NAFLD. 
Even in patients with major risk factors for NAFLD like 
overweight/obesity, insulin resistant, or both, the rates of 
NAFLD awareness were low at 19%, 23%, and 24%, respec-
tively. The awareness of NAFLD in 2009–2012 in our study 
was 2.1% and 3.3% during 2013–2016 cycles, which is 

significantly lower than what was reported (18%) by Wie-
land and colleagues [6]. Inclusion of high-risk patients with 
higher education and motivation level appears to be respon-
sible for higher awareness in the mentioned study. However, 
this limits the generalizability of the results but raises the 
concern of low awareness of NAFLD even in high-risk and 
medically engaged groups. Our results represent the US 
population sample and can be generalized. However, with 
the selection criteria’s of NAFLD based on obesity and high 
ALT, along with HSI ≥ 36 we might have underestimated the 
prevalence and awareness of NAFLD. As lack of obesity 
and normal liver enzymes does not necessarily eliminate 
one’s risk of NAFLD [16–18]. We also found an increasing 
prevalence of waist circumference, severe obesity, diabe-
tes, MetS, and hypertriglyceridemia in our study population 
again raising the concerns of low awareness of NAFLD, 

Fig. 1  Awareness of cur-
rently having a liver disease 
among subjects with suspected 
NAFLD and a HSI > 36 or b 
NFS > 0.676. (Diamonds cor-
respond to weighted percent. 
The whiskers represent the 
weighted 95% confidence 
interval estimates. p values cor-
respond to unadjusted weighted 
trend test.) Abbreviations: HSI 
hepatic steatosis index, NAFLD 
nonalcoholic fatty liver disease, 
NFS nonalcoholic fatty liver 
disease fibrosis score

Table 3  Analysis of factors 
associated with awareness of 
LD: multivariable weighted 
logistic regression

Statistically significant results are higlighted in bold
OR weighted odds ratio, CI weighted confidence interval
ALT alanine aminotransferase, GGT  gamma glutamyl transferase

Factor OR (95% CI) p value

Age (5-year increment) 1.1 (1.04, 1.2) 0.002
Ethnicity
 White (non-Hispanic) versus black (non-Hispanic) 3.0 (1.3, 7.1) 0.011
 Mexican-American versus black (non-Hispanic) 1.9 (0.76, 4.7) 0.17
 Other Hispanic versus black (non-Hispanic) 4.2 (1.7, 10.7) 0.003
 Other race versus black (non-Hispanic) 4.5 (1.4, 14.1) 0.011

Avg. # of drinks/day (1 drink/day increment) 0.47 (0.26, 0.88) 0.018
Metabolic Syndrome 2.1 (1.3, 3.4) 0.005
ALT (25 U/L increment) 1.3 (1.1, 1.5) < 0.001
Alkaline phosphatase (25 U/L increment) 1.09 (1.00, 1.2) 0.039
GGT (25 U/L increment) 1.1 (1.04, 1.2) 0.004
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despite an increase in the prevalence of metabolic risk fac-
tors for NAFLD. Interestingly, the majority of the partici-
pants in the survey by Wieland and colleagues, expressed 
interest in learning about NAFLD suggesting opportunities 
to raise awareness of NAFLD, particularly among patients 
with high metabolic risks, and to provide education to high-
risk individuals with the goal of implementing early preven-
tion strategies and optimizing care.

In our study, older age, non-black ethnicity, fewer drinks/
day, and subjects having MetS, and higher liver enzymes 
were associated with being aware of having LD. The preva-
lence of NAFLD increases with age, and patients tend to 
seek more medical attention in older age groups providing 
more opportunities to learn about NAFLD [19]. African 
Americans (AA) tend to have a significantly lower preva-
lence of NAFLD compared with Caucasians and Hispan-
ics [20]. Lower prevalence, poor socioeconomic status, and 
lower education levels in them could be the reasons for low 
awareness of NAFLD in this group [21]. But, once NAFLD 
develops, NASH occurs as frequently, and as severe, as in 
Caucasian patients. Therefore, AA with NAFLD should be 
screened for NASH with the same degree of clinical resolve 
as in Caucasian patients. Patients with MetS and high liver 
enzymes tend to get more attention and more testing for 
having LD, explaining higher awareness in these patients 
[16, 17]. This also highlights the poor understanding and 
awareness of NAFLD among patients and primary care phy-
sicians. In a telephone survey of 521 subjects in Hong Kong, 
only 17% were aware of NAFLD, and 78% of them had a 
misconception that NAFLD can be diagnosed with blood 
tests. Among the participants who were aware of NAFLD, 
their knowledge was perceived as either inadequate (46%) 
or highly inadequate (35%) [12]. Similarly, multiple studies 
have demonstrated the lack of awareness regarding preva-
lence, diagnosis, and guidelines among primary care/com-
munity physicians and non-hepatologist hospital specialists, 
which further reflects the poor awareness among general 
populations [22–24].

To increase the awareness of NAFLD, it is essential to 
understand the perceptions of patients regarding lifestyle, 
diet, exercise, and metabolic risk factors. In a prospective 
study [25] of 326 incidentally detected NAFLD patients, 
79% were either overweight or obese, about 50% did not 
know that fast foods promoted obesity, about 24% did 
not know harmful effects of obesity. Additionally, 38.7% 
of the obese patients presumed that they had a normal 
body weight in comparison with lean NAFLD (38.7% vs. 
67.6%; p < 0.0002), and 9.5% didn’t want to lose weight. 
Moreover, two-thirds of NAFLD patients were neither 
educated by their physicians about the effects of obesity 
nor advised to lose weight [25]. Dietary factors like higher 
intake of meat, fat, and fried food render an individual 
more susceptible to NAFLD [26, 27]. On the other aspect, 

coffee has been shown to have a favorable effect on liver 
enzymes and fibrosis stage [28]. Patients with NAFLD 
tend to have lower physical activity, and regular exercise 
has been shown to be reducing the risk of NAFLD, with an 
inverse relationship between exercise intensity and sever-
ity of liver injury [29]. Early intervention with intensive 
lifestyle modifications in high-risk diabetics has been 
shown to improve cardiovascular risk and glucose toler-
ance [30], which is one of the major causes of morbidity 
and mortality in patients with NAFLD. While counseling 
about weight loss, diet and exercise healthcare providers 
should mention about NAFLD to increase awareness and 
re-enforce counseling, and these patients should be put 
under surveillance programs due to the risk of progression 
to cirrhosis and HCC. This information is of utmost impor-
tance suggesting healthcare providers and policymakers 
to work together to facilitate opportunities for education, 
risk factor modifications, lifestyle intervention, resource 
allocation, and development of educational strategies to 
improve recognition and management of NAFLD.

Despite the relatively large sample size, we excluded a 
substantial number of patients (~ 40%), which could have 
impacted the results. There are certain other limitations 
of this study. First, due to the diagnostic criteria used for 
NAFLD diagnosis, we might have missed some patients with 
normal liver enzymes and/or normal BMI leading to under-
estimation of patients with NAFLD awareness. We excluded 
subjects with viral hepatitis and excessive alcohol use but 
did not exclude other liver diseases, and did not account 
patient symptoms which could have impacted patient’s 
perceptions of liver disease during the survey. Secondly, 
these results cannot be generalized due to the exclusion of 
prisoners, immigrants, and other institutionalized individu-
als which might have different prevalence and awareness 
of NAFLD. Thirdly, although HSI ≥ 36 has high sensitiv-
ity and specificity to diagnose NAFLD, it is not the “gold 
standard” diagnostic test for NAFLD. Fourthly, despite using 
the strict exclusion criteria, some degree of recall bias may 
have been present while evaluating for alcohol consumption 
and medication use. Fifthly, the cross-sectional nature of 
NHANES does not allow investigating outcomes of individ-
uals with low awareness of having LD and NAFLD. Sixthly, 
even though the survey examines a nationally representative 
sample, these persons are in different counties across the 
country with different socioeconomic and education levels 
which could be a reason for the fluctuations in the awareness 
of LD and NAFLD over the study periods. Lastly, due to the 
use of backward elimination method to identify covariates 
for multivariate regression analysis, we might have excluded 
some factors of clinical significance. In conclusion, aware-
ness of having LD among subjects with suspected NAFLD 
has increased over the last two decades but more than 95% 
of these patients are still unaware of having LD. Educational 
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programs to increase awareness of liver diseases and risk 
factors for NAFLD should be implemented on a large scale.
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