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Abstract

Background: Non-communicable chronic diseases have become the leading causes of disease burden worldwide. The trendsg
burden of “metabolic associated fatty liver disease” (MAFLD) are unknown. We aimed to investigate the cardiovascular and renal
burdens in adults with MAFLD and non-alcoholic fatty liver disease (NAFLD).

Methods: Nationally representative data were analyzed including data from 19,617 non-pregnant adults aged >20 years from the
cross-sectional US National Health and Nutrition Examination Survey periods, 1999 to 2002, 2003 to 2006, 2007 to 2010, and
2011 to 2016. MAFLD was defined by the presence of hepatic steatosis plus general overweight/obesity, type 2 diabetes mellitus, or
evidence of metabolic dysregulation.

Results: The prevalence of MAFLD increased from 28.4% (95% confidence interval 26.3-30.6) in 1999 to 2002 to 35.8% (33.8—
37.9)in 2011 t0 2016.1In 2011 to 2016, among adults with MAFLD, 49.0% (45.8-52.2) had hypertension, 57.8% (55.2-60.4) had
dyslipidemia, 26.4% (23.9-28.9) had diabetes mellitus, 88.7% (87.0-80.1) had central obesity, and 18.5% (16.3-20.8) were
current smokers. The 10-year cardiovascular risk ranged from 10.5% to 13.1%; 19.7% (17.6-21.9) had chronic kidney diseases
(CKDs). Through the four periods, adults with MAFLD showed an increase in obesity; increase in treatment to lower blood pressure
(BP), lipids, and hemoglobin Alc; and increase in goal achievements for BP and lipids but not in goal achievement for glycemic
control in diabetes mellitus. Patients showed a decreasing 10-year cardiovascular risk over time but no change in the prevalence of
CKDs, myocardial infarction, or stroke. Generally, although participants with NAFLD and those with MAFLD had a comparable
prevalence of cardiovascular disease and CKD, the prevalence of MAFLD was significantly higher than that of NAFLD.
Conclusions: From 1999 to 2016, cardiovascular and renal risks and diseases have become highly prevalent in adults with MAFLD.
The absolute cardiorenal burden may be greater for MAFLD than for NAFLD. These data call for early identification and risk
stratification of MAFLD and close collaboration between endocrinologists and hepatologists.
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Introduction Among patients with NAFLD, the most common cause of
death is cardiovascular disease (CVD),1>*®! while only a
minority of patients develo71i> advanced liver disease or die
from liver-related causes.”) Thus, CVD prevention may
have a core role in MAFLD management. Unsurprisingly,
with the new diagnosis criteria, MAFLD would be more
closely associated with an increased risk of CVD, given the
associations between MAFLD diagnosis and established

Non-alcoholic fatty liver disease (NAFLD) affects about a
quarter of the world’s adult population and poses major
health and economic burdens to all societies.!""*! Recently,
two-position papers proposed changing the definition of
NAFLD to “metabolic associated fatty liver disease”
(MAFLD).** This changes an exclusive definition to an

inclusiye one, as present criteria require evidence of hepgtic CVD risk factors including abdominal obesity, hyperten-
steatosis accompanied by one of three features: overweight

X ) ; sion, atherogenic dyslipidemia, and insulin resistance (IR)/
o i, e 8 datees el (120N, o g et e o e o

. ; and their implications for MAFLD development remain
The prevalence of MAFLD in the US is unknown. unknown.
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Chronic kidney disease (CKD) is another important cause of
death and loss of disability-adjusted life-years,'”'°! and there
is robust evidence of a strong association between NAFLD
and severity with CKD stages and risks."" MAFLD and
CKD also share similar pathophysiology risk factors, that is
IR pre-disposes patients to atherogenic dyslipidemia, etc. 121
As anew potential “driving force” for CKD development and
progression, the extent of the association of MAFLD with
CKD remains the subject of much scrutiny.

There are concerns that with the new definition of
MAFLD, its cardiovascular and renal burden might vary
with changes in the diagnostic criteria. Little is known
about the cardiovascular and renal risk of MAFLD, and it
is unclear as to whether identifying individuals with
MAFLD would provide an opportunity to more intensively
manage these common causes of morbidity and mortality.
To address these questions, we analyzed nationally
representative data from the US National Health and
Nutrition Examination Surveys (NHANESs) from 1999 to
2016 to examine the cardiovascular and renal burdens in
adults with MAFLD and NAFLD over time.

Methods

Study design and participants

The NHANES, which is conducted by the National Center
for Health Statistics, comprises cross-sectional, multistage,
stratified, clustered probability samples of the non-
institutionalized US population. Each 2-year NHANES
cycle represents American civilians that are not in an
institution. The National Center for Health Statistics
Research Ethics Review Board approved the NHANES
(Protocol #98-12, #2005-06, and #2011-17). All partic-
ipants provided informed consent before participating.

Data were obtained from nine continuous surveys over
18 years from 1999 to 2016. The response rates of the
NHANESs from 1999 to 2016 ranged from 58.7% to
84.0%. Our analyses included all non-pregnant participants
aged >20 years. Because we defined liver steatosis based on
ultrasound-fatty liver index (US-FLI),!"! fasting sub-sample
was used. We further excluded adults with missing data for
waist circumference (n = 1127), fasting plasma glucose (FPG;
n=2869), vy-glutamyl transferase (7=249), and insulin
(n=269), and the final sample was 19,617 [Supplementary
Figure 1, http:/links.lww.com/CM9/A549]. Data were
analyzed to examine trends in the prevalence of hypertension,
dyslipidemia, smoking, diabetes, obesity, and central obesity;
an average 10-year risk of CVD; and the presence of
cardiovascular and renal comorbidities in the US adult
populations with MAFLD or NAFLD.

Measurements

Demographic characteristics were obtained through
interviewer-administered questionnaires. Demographic
information regarding age, sex, race, or ethnic group,
the highest level of education attained, household income,
and health status was obtained via interviewer-adminis-
tered questionnaires at the participants’ homes. At the
NHANES Medical Examination Center (MEC), anthro-

WWW.Cmj.0rg

pometric measurements including weight, waist circum-
ference, and height were taken by trained staff using
standardized techniques. Three or four brachial arteries
blood pressure (BP) (mmHg) readings were taken by
physicians after 5 min of rest in a sitting position, and an
average of measurements was used.

Fasting blood samples after a minimum of 8 h in a fasted
state and a random urine sample were collected at the
MEC. FPG (mg/dL), hemoglobin Alc (HbA1c) (%), low-
density lipoprotein (LDL, mg/dL) cholesterol, and urinary
creatinine (g/dL) and albumin (mg/dL) were estimated.
Laboratory analyses for biochemical indicators followed
standard protocols and used the following methods and
kits: FPG, hexokinase enzymatic method (Roche Modular
P chemistry analyzer, Roche Diagnostics, Indianapolis, IN,
USA); HbA1c, glycohemoglobin analyzer (Tosoh Medics,
Inc., San Francisco, CA, USA) and assays were standard-
ized according to national reference methods; LDL
cholesterol, Roche Modular P chemistry analyzer (Roche
Diagnostics); urinary creatinine, enzymatic endpoint
reaction that resembles high-performance liquid chroma-
tography (Roche/Hitachi Modular P up to 2012 and
Roche/Hitachi Cobas 6000 chemistry analyzer thereafter,
both from Roche Diagnostics); serum y-glutamyl transfer-
ase, enzymatic rate method (Beckman Coulter UniCel DxC
800 Synchron chemistry analyzer, Beckman Coulter, Brea,
CA, USA); and urinary albumin, solid-phase fluorescent
immunoassay. Regarding the needs of trend analyses, FPG
within the eight consecutive  NHANES cycles were
adjusted into values detected by the above method and
equipment according to the equations provided by the
National Center for Health Statistics.

Body mass index (BMI) was calculated as weight (kg)
divided by the square of height (m?). Given the large
sample size, the homeostasis model assessment (HOMA)
was used to assess IR. HOMA-IR was calculated as FPG
multiplied by fasting insulin and then divided by 22.5.

Definition of variables

MAFLD was defined by hepatic steatosis in adults (detected
by US-FLI >30!'3)) in addition to one of the following three
criteria: general overweight/obesity, T2DM, or evidence of
metabolic dysregulation.’*’ Overweight was defined as
BMI >25kg/m? in Caucasians and BMI >23 kg/m” in
Asians, and general obesity was defined as BMI >30 kg/m*
in Caucasians and BMI >25kg/m” in Asians. Central
obesity was defined by waist circumference >102/88 cm in
Caucasian men and women and >90/80 cm in Asian men
and women, respectively. Metabolic risk abnormalities
for lean/normal weight patients include central obesity, BP
>130/85 mmHg or undergoing treatment, plasma triglyc-
erides >150 mg/dL (>1.70 mmol/L) or undergoing treat-
ment, plasma HDL-cholesterol <40 mg/dL (<1.0 mmol/L)
for men and <50 mg/dL (<1.3 mmol/L) for women or
undergoing treatment, prediabetes (FPG 100-125 mg/dL
[5.6-6.9 mmol/L] or HbA1¢ 5.7%-6.4% [39-47 mmol/mol]),
and HOMA-IR score >2.5.

NAFLD was based on US-FLI evidence of liver steatosis
(detected by US-FLI >30) and the exclusion of viral
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hepatitis (B or C), excessive alcohol consumption (an
alcohol consumption >30g/d for male and >20g/d for
female), or aspartate aminotransferase or alanine amino-
transferase >500 U/L.14

Sex, race or ethnic group, education (<high school vs. at
least high school education), and mean age were reported
at the time of the survey. To categorize income (above vs.
at or below poverty level), the poverty-income ratio was
used as an indicator of income relative to the inflation-
adjusted family need.

Cardiovascular risk factors and treatment goals

Hypertension was defined as self-reported use of anti-
hypertensive drugs or measured BP >140/90 mmHg.
The goal for control of hypertension was set at
<140/90 mmHg.""! Dyslipidemia was defined as self-
reported use of lipid-lowering drugs or measured LDL
cholesterol >130 mg/dL (>3.36 mmol/L) or higher. Al-
though since 2013 the new cholesterol guidelines have
abandoned specific LDL targets, we used <100 mg/dL for
LDL cholesterol treatment and control status.''®! Smoking
status was classified as current, former, or never. “Not
currently smoking” was used as the tobacco control goal.
Diabetes mellitus was defined as self-reported diabetes
mellitus, HbA1c level >6.5% or FPG level >7.0 mmol/L.
The goal for control for most diabetic patients was set at
HbAlc 7%.1"7)

Cardiovascular and renal complications of MAFLD and
NAFLD

The mean 10-year risk of cardiovascular events was
calculated by the modified Framingham risk score
(FRS)'®! and the more contemporary American College
of Cardiology and American Heart Association Athero-
sclerotic Cardiovascular Disease (ASCVD) risk calcula-
tor."” In the FRS and ASCVD risk calculator, participants
aged 30 to 74 years and 40 to 79 years, respectively, were
included according to the equation restrictions. Previous
myocardial infarction and stroke were described based on
self-reported information.

The following CKD markers were examined: mean
estimated glomerular filtration rate (eGFR) <60 mL/min
per 1.73m? (stages III-V), and urinary albumin-to-
creatinine ratio (ACR) >30 mg/g. Any CKD was referred
to as urinary ACR >30mg/g, eGFR <60 mL/min per
1.73 m?, or both. eGFR was calculated using the CKD-
Epidemiology Collaboration equation.*”! The prevalence
of hyperfiltration (eGFR >135 mL/min per 1.73 m?) was
also estimated as an early indicator of renal damage related
to hyperglycemia.l*"

Statistical analysis

The NHANES uses a complex sampling design that
requires the use of sample weights to adjust for the unequal
probability of selection into the survey and to adjust for the
possible bias resulting from non-response, which thus
provides estimates representative of the civilian, non-
institutionalized US population. To account for differential

WWW.Cmj.0rg

probabilities of selection and non-response, we used
fasting weights from individuals with US-FLI so that the
sum of the sampling weights was added to the total US
population. Missing data for any variable were none or
<1%, and sample sizes were reduced for each specific
analysis where data for the dependent variable were
missing. All data analyses were performed using IBM SPSS
Statistics, Version 24 (IBM Corp., Armonk, NY, USA) by
the Complex Samples module. A two-tailed P value < 0.05
was considered statistically significant.

To increase the sample size in each analytic period, we
combined nine cycles into four periods (1999-2002,2003—
2006, 2007-2010, and 2011-2016). Sociodemographic
and clinical characteristics of individuals with MAFLD,
without MAFLD, with NAFLD, and without NAFLD in
each period were reported. The prevalence of hyperten-
sion, dyslipidemia, diabetes, general obesity, and central
obesity and corresponding values of continuous variables
were calculated, and the trends in distributional differences
in these characteristics and risk factors for CVD in
successive periods were tested. Tests for trends were
performed by including the midpoint of each survey period
as a continuous variable in a regression model.

We estimated the proportion of treatment and control of
hypertension in participants with and without MAFLD.
Treatment information was based on self-reports, and
“control” was defined as BP <140/90 mmHg under
treatment. Therefore, proportions of “treated and con-
trolled,” “treated and uncontrolled,” and “untreated and
uncontrolled” were obtained. This same approach was
used for dyslipidemia and diabetes mellitus.

In each time period, we also reported the mean 10-year risk
of cardiovascular events and estimated the prevalence of
myocardial infarction and stroke. For CKD, we reported
the mean eGFR, the prevalence of moderate-to-severe
albuminuria, and reduced eGFR separately and together,
and the prevalence of hyperfiltration.

For all estimates of prevalence and mean levels, we
calculated the predicted changes from 1999 to 2002 to
2011 to 2016 using interaction terms of MAFLD and
NAFLD status by survey periods in the regression models
adjusted for age, sex, and race or ethnic group. The odds
ratios (ORs) or B coefficients (95% confidence interval
[CI]) were also obtained in the MAFLD and NAFLD
groups and compared with the non-MAFLD and non-
NAFLD groups, respectively.

Results

Over successive survey periods, the prevalence and
absolute number of MAFLD cases increased significantly
and were significantly greater than those of the NAFLD
cases [Table 1]. In the MAFLD and non-MAFLD groups,
the mean age of US adults remained stable, more women
developed MAFLD over time, and higher proportions
reported completing high school education in non-
MAFLD but not in MAFLD. The race stays largely the
same except for reduced proportions of non-Hispanic
white in the non-MAFLD group. The mean BMI and waist
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Table 1: Characteristics of US adults aged 20 years and older by MAFLD and NAFLD status, from 1998 to 2016.

Items 1999-2002 2003-2006 2007-2010 2011-2016 Pyend
MAFLD
n 1367 1281 1931 2552
Estimated population size (millions)* 11.7 (0.7) 13.2 (0.8) 15.5 (0.9) 25.6 (1.2)
Prevalence (%) 28.4 (1.1) 31.0 (1.0) 34.4 (1.2) 35.8 (1.0) <0.001
Mean age (years) 50.9 (0.7) 49.5 (0.7) 51.0 (0.5) 51.3 (0.4) 0.210
Male (%) 60.1 (2.1) 61.0 (1.4) 59.4 (1.3) 55.6 (1.3) 0.022
Mean BMI (kg/m?) 33.1 (0.3) 34.1 (0.3) 33.4 (0.2) 34.5 (0.2) 0.006
Mean waist circumference (cm) 110.6 (0.8) 113.5 (0.6) 111.4 (0.4) 114.1 (0.5) 0.001
Completed high-school education (%) 75.0 (1.7) 80.1 (1.3) 75.6 (1.4) 79.7 (1.4) 0.138
At or below poverty line (%) 14.0 (1.6) 11.2 (1.0) 15.2 (1.4) 15.9 (1.3) 0.092
Non-Hispanic white (%) 72.3 (2.8) 74.8 (2.6) 70.0 (3.0) 67.3 (2.5) 0.052
Non-Hispanic black (%) 6.5 (1.0) 7.0 (0.9) 6.7 (0.8) 6.5 (0.8) 0.154
Mexican American (%) 10.8 (1.5) 11.0 (2.2) 13.1 (2.2) 13.0 (1.9) 0.456
NAFLD
n 1286 1214 1794 2364
Estimated population size (millions)* 10.9 (0.7) 12.4 (0.8) 14.5 (0.9) 23.6 (1.2)
Prevalence (%) 26.4 (1.2) 29.2 (1.0) 32.2 (1.1) 33.0 (1.0) <0.001
Mean age (years) 51.0 (0.8) 49.7 (0.7) 51.2 (0.5) 51.3 (0.4) 0.304
Male (%) 58.3 (2.2) 59.5 (1.4) 58.4 (1.4) 54.2 (1.4) 0.040
Mean BMI (kg/m?) 33.3 (0.3) 34.3 (0.3) 33.5 (0.2) 34.7 (0.2) 0.004
Mean waist circumference (cm) 110.5 (0.8) 113.6 (0.6) 111.8 (0.5) 114.4 (0.5) <0.001
Completed high-school education (%) 74.7 (1.8) 80.3 (1.3) 76.1 (1.6) 79.9 (1.4) 0.096
At or below poverty line (%) 14.1 (1.9) 10.8 (1.1) 14.7 (1.5) 15.7 (1.2) 0.125
Non-Hispanic white (%) 71.4 (3.0) 74.6 (2.6) 71.0 (3.1) 66.9 (2.5) 0.096
Non-Hispanic black (%) 6.6 (1.0) 6.8 (0.9) 6.3 (0.8) 6.3 (0.8) 0.176
Mexican American (%) 10.8 (1.6) 11.3 (2.2) 12.8 (2.3) 13.1 (1.8) 0.581
Non-MAFLD
n 2587 2508 3072 4319
Estimated population size (millions)" 29.7 (1.1) 29.4 (1.3) 29.7 (1.4) 45.9 (1.9)
Prevalence (%) 71.6 (1.1) 69.0 (1.0) 65.6 (1.2) 64.2 (1.0) <0.001
Mean age (years) 44.2 (0.6) 45.1 (0.5) 44.7 (0.5) 45.2 (0.4) 0.239
Male (%) 44.9 (1.1) 44.0 (0.9) 43.8 (1.1) 45.5 (0.9) 0.568
Mean BMI (kg/m?) 25.8 (0.1) 26.2 (0.1) 26.0 (0.1) 26.2 (0.1) 0.057
Mean waist circumference (cm) 89.6 (0.3) 91.4 (0.3) 91.0 (0.4) 91.9 (0.3) <0.001
Completed high-school education (%) 80.4 (1.2) 83.8 (1.4) 84.1 (0.9) 86.0 (1.2) 0.003
At or below poverty line (%) 12.8 (1.1) 10.6 (0.9) 13.3 (0.9) 15.8 (1.1) 0.011
Non-Hispanic white (%) 72.9 (2.2) 71.2 (2.3) 68.7 (2.1) 65.2 (2.2) 0.006
Non-Hispanic black (%) 11.6 (1.5) 12.7 (1.5) 13.1 (1.3) 13.5 (1.4) 0.182
Mexican American (%) 5.3(0.7) 6.4 (0.9) 6.0 (0.8) 6.0 (0.7) 0.085
Non-NAFLD
n 2668 2575 3209 4507
Estimated population size (millions)” 30.5 (1.2) 30.2 (1.3) 30.7 (1.4) 47.9 (1.8)
Prevalence (%) 73.6 (1.2) 70.8 (1.0) 67.8 (1.1) 67.0 (1.0) <0.001
Mean age (years) 44.3 (0.6) 45.1 (0.5) 44.8 (0.5) 45.5 (0.4) 0.152
Male (%) 45.9 (1.1) 45.1 (0.9) 44.8 (1.1) 46.7 (0.8) 0.512
Mean BMI (kg/m?) 26.0 (0.1) 26.3 (0.1) 26.2 (0.1) 26.5 (0.1) 0.019
Mean waist circumference (cm) 90.2 (0.3) 91.9 (0.3) 91.5 (0.3) 92.7 (0.3) <0.001
Completed high-school education (%) 80.4 (1.2) 83.6 (1.4) 83.5 (0.9) 85.7 (1.2) 0.005
At or below poverty line (%) 12.8 (1.1) 10.8 (0.9) 13.6 (0.9) 15.9 (1.2) 0.010
Non-Hispanic white (%) 73.2 (2.1) 71.3 (2.4) 68.3 (2.1) 65.4 (2.2) 0.004
Non-Hispanic black (%) 11.4 (1.5) 12.6 (1.4) 13.1 (1.3) 13.4 (1.4) 0.162
Mexican American (%) 5.5(0.7) 6.4 (0.9) 6.4 (0.8) 6.2 (0.8) 0.094

Data are from the NHANESs between 1999 and 2016. Data are expressed as mean or percentage (standard error). P values are for the trends over time in
each characteristic within each group. "Population size was estimated for civilian US adults aged 20 years and older who were not living in an institution,
using the current population survey totals and the proportion of individuals in each MAFLD group. BMI: Body mass index; MAFLD: Metabolic
associated fatty liver disease; NAFLD: Non-alcoholic fatty liver disease; NHANESs: National Health and Nutrition Examination Surveys.
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circumference increased substantially in both groups. In
the multivariable logistic model, male, older age, central
obesity, diabetes, elevated systolic BP and triglyceride
levels, and lower HDL cholesterol levels were significantly
associated with a higher risk of MAFLD [Supplementary
Table 1, http:/links.lww.com/CM9/A549].

The adjusted prevalence of hypertension, dyslipidemia,
and diabetes remained stable in the MAFLD and NAFLD
groups between the 1999 to 2002 and 2011 to 2016
surveys [Table 2]. The prevalence of general and central
obesity increased greatly over time in both groups.
Compared with the non-MAFLD group, the MAFLD
group had significantly higher odds in all five factors,
especially in diabetes (OR 5.73, 95% CI 5.10-6.45) and
central obesity (OR 17.05, 95% CI 15.32-18.97).

Between 1999 to 2002 and 2011 to 2016, among those
with hypertension [Figure 1], the proportion of adults with
MAFLD using anti-hypertensive medications increased
from 67.9% (95% CI 62.4-73) to 77.8% (74.5-80.7)
(P=0.006). A similar increase was also evident in the non-
MAFLD group. Achievement of the BP-treatment target
increased in both groups over time. The mean systolic BP
over time verified these findings [Supplementary Table 2,
http:/links.lww.com/CM9/A549]. Among those with
hypertension, the MAFLD group had lower systolic
pressure, but the non-MAFLD group had a greater
decreasing trend in systolic pressure (Pjperaction < 0.001).

Among participants with dyslipidemia [Figure 1], the use
of lipid-lowering medicines increased in the MAFLD group
over time: 28.5% (24.4-32.9) to 50.2% (46.8-53.5).
There was also a substantial increase in the proportion of
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LDL <100 mg/dL after treatment in the MAFLD group
(9.3% [7.1-12.0] t0 28.9% [25.4-32.5], P < 0.001). In the
whole population and those with dyslipidemia [Supple-
mentary Table 2, http:/links.lww.com/CM9/A549], the
mean LDL concentrations declined over time. However,
there was still no lipid-lowering treatment in 49.8% of the
population with MAFLD and dyslipidemia.

Over successive periods from 1999-2002 to 2011-2016,
among eligible individuals with diabetes [Figure 1], the use
of anti-diabetic medications increased in the two groups.
However, in MAFLD, the proportion of reaching the
control target fluctuated, and it did not significantly change
between 1999 to 2002 and 2011 to 2016 (22.0-25.8%
[+4.3%, 95% CI —3.1, 11.6]). Although more diabetic
patients were treated, no significant decreasing trend in
FPG and HbA1lc was found in adults with diabetes and
MAFLD [Supplementary Table 2, http:/links.lww.com/
CMO9/A549].

The prevalence of current smokers decreased substantially
between the first and last survey periods for the non-
MAFLD group (26.0% [23.2-29.1] t0 19.8% [17.3-22.6],
P =0.006), while there was no significant trend in the
MAFLD group over time.

After adjusting for age, sex, and race or ethnic differences
and excluding adults with a history of cardiovascular
events, from 1999-2002 to 2011-2016, the 10-year risk of
having a cardiovascular event declined for both groups,
using the FRS and ASCVD risk scores within a certain age
range [Table 3]. History of previous myocardial infarction
and previous stroke largely remained stable over time in
the MAFLD group. Compared with the non-MAFLD

Table 2: Prevalence of risk diseases in US adults aged 20 years and older, by MAFLD and NAFLD status, from 1999 to 2016.

Items 1999-2002 2003-2006 2007-2010 2011-2016 Total Pyena  Pinteraction P OR (95% CI)°

Hypertension (%)
MAFLD 47.4 (43.9, 50.9) 49.1 (45.9, 52.3) 46.9 (43.8,50.1) 49.0 (45.8, 52.2) 48.2 (46.5, 49.9) 0.846 0.976 0.040  3.16 (2.85, 3.50)
NAFLD 47.9 (44.3, 51.5) 49.0 (45.6, 52.3) 46 9 (43.6, 50.2) 47.6 (44.3, 51.0) 47.8 (46.0, 49.5) 0.342 0.289 2.85 (2.56, 3.17)
Non-MAFLD  22.3 (20.2, 24.6) 22.2 (20.0, 24.4) 21.7 (19.3,24.3) 23.4 (21.3,25.5) 22.5 (21.4,23.6)  0.401
Non-NAFLD  22.8 (20.8, 25.1) 23.0 (20.9, 25.2) 22 6(20.1,25.2) 25.1(23.0,27.3) 23.6 (22.5,24.7) 0.942

Dyslipidemia (%)
MAFLD 57.2(52.9,61.4) 53.4 (49.8,56.9) 56.0 (52.7,59.2) 57.8 (55.2,60.4) 56.4 (54.8, 58.0) 0.488  0.099 0.124  1.57 (1.45, 1.70)
NAFLD 56.5(52.0, 60.9) 54.3 (50.6, 58.0) 56.4 (53.1,59.7) 58.3(55.5,61.1) 56.8(55.1, 58.5) 0.334  0.056 1.58 (1.45, 1.72)
Non-MAFLD 41.7 (38.9, 44.5) 40.0 (37.1, 43.0) 38.0 (35.8,40.2) 39.9 (38.7,41.1) 39.9 (38.7, 41.1) 0.070
Non-NAFLD 42.3 (39.6,45.1) 39.9 (37.0,42.9) 38.4 (36.3,40.5) 40.4 (38.4,42.4) 40.3 (39.1, 41.5) 0.062

Diabetes (%)
MAFLD 24.2 (20.8,28.1) 22.5(19.6,25.6) 23.9 (22.1,25.8) 26.4 (23.9,28.9) 24.6 (23.3, 26.0) 0.408 0.163 0.347  5.73 (5.10, 6.45)
NAFLD 24.3 (20.8,28.1) 22.9 (19.9, 26.3) 242(214,2&2) 26.4 (23.8,29.1) 24.8 (23.4, 26.3) 0.415  0.104 5.10 (4.55, 5.73)
Non-MAFLD 3.5 (2.8, 4.3) 5.3 (4.4,6.3) 6 (4.6, 6.8) 5.6 (4.9, 6.4) 5.1 (4.6,5.5) 0.020
Non-NAFLD 4.0 (3.3, 4.9) 5.5 (4.7, 6.5) 0 (5.0, 7.2) 6.4 (5.7,7.3) 5.6 (5.2,6.1) 0.006

General obesity (%)
MAFLD 64.6 (60.4, 68.6) 71.2 (67.9,74.4) 67.1 (63.7,70.3) 74.0 (71.9, 76.1) 70.2 (68.7,71.7) <0.001 0914 <0.001 15.32 (13.82, 16.99)
NAFLD 65.4 (61.4,69.2) 72.1(68.4,75.6) 67.9 (64.3,71.3) 75.0(72.8,77.2) 71.1(69.5,72.6) <0.001  0.923 13.65 (12.34, 15.10)
Non-MAFLD 14.8 (13.1, 16.6) 17.5 (15.9,19.3) 17.1 (15.2,19.2) 20.2 (18.6,21.8) 17.7 (16.9, 18.6) <0.001
Non-NAFLD 16.0 (14.4, 17.8) 18.6 (17.0,20.3) 18.5 (16.6,20.5) 22.0 (20.3,23.7) 19.2 (18.3,20.1) <0.001

Central obesity (%)
MAFLD 82.6 (79.1, 85.7) 88.4 (86.1,90.4) 84.6 (82.1, 86.7) 88.7 (87.0,90.1) 86.6 (85.5,87.7)  0.004  0.996 0.006 17.05 (15.32, 18.97)
NAFLD 82.7 (78.8, 85.9) 88.5 (86.1,90.5) 85.5(83.0,87.6) 89.6(88.0,90.9) 89.6 (88.0,90.9) <0.001  0.452 15.06 (13.55, 16.73)
Non-MAFLD 32.7 (30.8, 34.6) 39.5 (36.8, 42.3) 37.8 (35.2,40.5) 40.8 (38.1, 43.4) 38.1(36.8,39.4) <0.001
Non-NAFLD  34.0 (32.2, 35.9) 40.8 (38.2,43.3) 38.9 (36.4, 41.5) 42.3 (39.7,45.0) 39.4 (38.1,40.7) <0.001

Data are from the NHANESs between 1999 and 2016. Data are expressed as percentage (95% CI). All analyses were adjusted for age, sex, and race or
ethnic group. Py eng was calculated for each group by including a continuous variable for the midpoint of each survey period in logistic regression models;
significant values indicate variation over time w1th1n MAFLD or NAFLD groups. Significant Piyeraction values indicate varying associations between

prevalence estimates over time across groups.

“MAFLD vs. NAFLD. "MAFLD vs. non-MAFLD or non-NAFLD. CI: Confidence interval; MAFLD:

Metabolic associated fatty liver disease; NHANESs: National Health and Nutrition Examination Surveys; NAFLD: Non-alcoholic fatty liver disease;

OR: Odds ratio.
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Figure 1: The treatment and control status of hypertension, diabetes, dyslipidemia, and smoking status in US populations with and without MAFLD. MAFLD: Metabolic associated fatty liver
disease.

Table 3: Estimates of 10-year risk of cardiovascular events, prevalence of myocardial infarction, and prevalence of strokes in US adults, by
MAFLD and NAFLD status, from 1999 to 2016.

ltems 1999-2002 2003-2006 20072010 2011-2016 Total Puend  Puteracion P or OR (95% CI)°

10-year risk of cardiovascular events
Framingham

MAFLD 4.5 (13.5,15.4) 13.4 (12.6,14.1) 12.3 (11.5,13.1) 13.1 (12.3, 14.0) 13.2 (12.8, 13,7) 0.001  0.760  0.001 3.7 (3.4, 4.1)
NAFLD 4.1 (13.1,15.1) 13.0 (12.2,13.8) 12.3 (11.5, 13.1) 12.6 (11.8, 13.4) 12 9 (12.4,13.3) <0.001  0.385 3.2(2.8,3.6)
Non-MAFLD 7.5 (7.0, 8.0) 7.0 (6.5, 7.4) 6.7 (6.3,7.2) 7.1 (6.7,7.6) 1(6.9,7.3) <0.001
Non-NAFLD 7.9 (7.4, 8.4) 7.3 (6.8,7.8) 7.0 (6.5, 7.4) 7.7 (7.2, 8.2) 5(7.2,7.7) <0.001
ASCVD
MAFLD 11.8 (10.6, 12.9) 11.0 (10.0, 11.9) 10.3 (9.4, 11.3)  10.5 (9.9, 11.1) ~ 10.8 (10.4, 11.2) 0.001  0.755  0.326  2.5(2.2,2.9)
NAFLD 11 8 (10.5, 13.0) 10 9 (9.8, 12. 0) 10 4(9.4,11.3)  10.3 (9.7, 10.9) 10 7(10.3, 11.1) <0.001  0.625 2.2 (1.8, 2.6)
Non-MAFLD 2 (6.7,7.7) 6.3 (5.8, 6.8) 2 (5.7, 6.7) 6.7 (6.2,7.2) 6 (6.4, 6 9) <0.001
Non-NAFLD 7 4 (6.9, 7.9) 6.5 (6.0, 6.9) 3(5.8,6.8) 7.1 (6.5, 7.6) 8 (6.6,7.1) <0.001
Previous myocardial infarction
MAFLD 5.4 (4.0,7.1) 6.3 (4.9, 8.1) 6.1(5.2,7.2) 4.9 (3.8,6.2) 5.5 (4.9, 6.3) 0.297 0374 0.360 1.79 (1.50, 2.13)
NAFLD 5.5 (4.1, 7.4) 6.5 (5.0, 8.4) 6.1(5.2,7.1) 5.0 (4.0, 6.2) 5.6 (5.0, 6.3) 0239 0316 8 (1.50, 2.11)
Non-MAFLD 2.3 (1.7, 3.1) 2.3 (1.7, 3.1) 2.5 (1.9, 3.3) 2.4 (1.8, 3.2) 2.4 (2.0,2.7) 0.930
Non-NAFLD 2.3 (1.7, 3.1) 2.4 (1.8,3.2) 2.6 (2.0, 3.5) 2.4 (1.8, 3.3) 2.4(2.1,2.8) 0.908
Previous stroke
MAFLD 3.9 (2.6,5.7) 4.7 (3.6, 6.2) 4.0 (2.9, 5.4) 3.6 (2.9, 4.5) 4.0 (3.4, 4.6) 0.293  0.024  0.512 1.63 (1.32,2.01)
NAFLD 4.2 (2.9,6.2) 4.8 (3.6, 6.4) 3.9 (2.8,5.4) 3.6 (2.8, 4.6) 4.0 (3.4,4.7) 0.141 0.010 1.60 (1.27, 2.02)
Non-MAFLD 1.4 (1.0, 2.0) 2.2 (1.6,2.9) 2.1 (1.6, 2.8) 2.4 (1.8, 3.1) 2.1(1.8,2.4) 0.038
Non-NAFLD 1.3 (0.9, 1.9) 2.2 (1.6, 3.0) 2.2 (1.6, 3.0) 2.5 (1.9, 3.3) 2.1(1.8,2.4) 0.022

Data are from the NHANESs between 1999 and 2016. Data are expressed as percentage (95% CI). All analyses were adjusted for age, sex, and race or
ethnic group. Ten-year cardiovascular risks were calculated using Framingham and ASCVD risk scores. P g Was calculated for the MAFLD status
group by including a continuous variable for the midpoint of each survey period in logistic regression models; significant values indicated variation over
tlme within MAFLD groups. Significant Pjeraction Values indicate varying associations between prevalence estimates over time across MAFLD groups.

*MAFLD vs. NAFLD. "MAFLD vs. non-MAFLD or non-NAFLD. ASCVD: Atherosclerotic Cardiovascular Disease guidelines (from the American Heart
Association and American College of Cardiology); CI: Confidence interval; MAFLD: Metabolic associated fatty liver disease; NHANESs: National
Health and Nutrition Examination Surveys; NAFLD: Non-alcoholic fatty liver disease; OR: Odds ratio.
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Table 4: Renal markers in US adults aged 20 years and older by MAFLD and NAFLD status, from 1999 to 2016.

Items 1999-2002 2003-2006 2007-2010 2011-2016 Total Pyena  Pinteraction P B or OR (95% CI)"

Any CKD (%)
MAFLD 17.9 (15.4, 20.7) 19.2 (16.2,22.7) 17.0 (14.9,19.3) 19.7 (17.6,21.9) 18.7 (17.5,20.0)  0.883  0.861 0.599 1.67 (1. 49 1 87)
NAFLD 18 2 (15.4,21.4) 19.6 (16.3,23.3) 17.0 (14.6,19.6) 19.8 (17.9,21.9) 18.8 (17.5,20.2) 0.946 0.734 1.59 (1.42, 1.78)
Non-MAFLD 3(8.3,10.4) 10.7 (9.2, 12.4) 11.2 (10.1, 12.5) 10.4 (9.3,11.6) 10.5 (9.8, 11.1) 0.716
Non-NAFLD 5 (8.5, 10.5) 10.9 (9.4, 12.5)  11.5 (10.4, 12.8) 10.8 (9.7, 12.1)  10.7 (10.1, 11.3)  0.572

ACR >30 mg/g (A))
MAFLD 13.2 (10.9, 15.8) 13.8 (11.5, 16.4) 12.3 (10.4, 14.5) 14.5 (12.7,16.6) 13.6 (12.5,14.8) 0.786  0.777 0.915 1.81 (1.61, 2.04)
NAFLD 13 4(11.0,162)  13.9 (11.5,16.7) 12.1 (10.0, 14.5) 14 5 12.7,16.5) 13.6 (12.5,14.8)  0.927  0.948 1.71 (1.52, 1.92)
Non-MAFLD 0 (6.0, 8.1) 7.1 (5.9, 8.6) 7.4 (6.3, 8.6) 6.4, 8.3) 7.2 (6.7, 7.8) 0.891
Non-NAFLD 0 (6.0, 8.2) 7.3 (6.2, 8.6) 7.7 (6.6, 8.9) 6.8, 8.6) 7.4 (6.9, 8.0) 0.835

eGFR <60 mL/min per 1.73m? (%)
MAFLD 6 2 (4.9,7.9) 7.6 (5.7, 10.1) 7.1 (6.0, 8.5) 7.7 (6.6, 9.0) 7.3 (6.6, 8.1) 0.307  0.900 0.001 1.29 (1.09, 1.52)
NAFLD 4 (5.0, 8.2) 7.9 (5.9, 10.5) 7.3 (6.0, 8.8) 8.1 (6.9, 9.4) 7.6 (6.8, 8.4) 0.195 0.843 1.30 (1.10, 1.53)
Non-MAFLD 8 (3.2, 4.5) 4.9 (4.1, 6.0) 5.6 (4.9, 6.4) 4.5 (3.9,5.2) 4.7 (4.3, 5.1) 0.182
Non-NAFLD 8 (3.2, 4. 5) 4.9 (4.0, 5.9) 5.5 (4.8,6.3) 4.5 (3.8,5.2) 4.6 (4.3, 5.0) 0.208

Mean eGFR (mL/mm per 1.73m?%)
MAFLD 96.4 (94.4, 98.3) 91.7 (89.5, 94.0) 92.4 (91.0, 93.9) 92.3 (91.2,93.3) 929 (92.1,93.7)  0.002 0.590 <0.001 0.74 (0.11, 1.37)
NAFLD 96.1 (94.0, 98.3) 91.2 (88.9, 93.5) 92.1 (90.6, 93.6) 91.9 (90.8, 93.0) 92.6 (91.7,93.4) 0.002  0.839 0.03 (—0.62, 0.68)
Non-MAFLD 102.3 (100.8, 103.8) 95.4 (94.0, 96.8) 97.6 (96.1, 99.0) 97.4 (96.4, 98.5) 98.1 (97.4,98.8) <0.001
Non-NAFLD 102.2 (100.7, 103.7) 95.5 (94.1, 96.9) 97.6 (96.1, 99.0) 97.4 (96.4, 98.4) 98.1 (97.4,98.8) <0.001

Hyperfiltration (%)
MAFLD 3.5 (2.6, 4.8) 0.9 (0.5, 1.8) 0.5 (0.3, 1.0) 1.1 (0.7, 1.9) 1.4 (1.1, 1.8) 0.001  0.414 0.417 1.75 (1.29, 2.38)
NAFLD 3.6 (2.6, 5.0) 0.9 (0.4, 1.8) 0.5 (0.3, 1.0) 1.2 (0.7, 2.0) 1.4 (1.1, 1.8) 0.003  0.607 1.67 (1.21, 2.31)
Non-MAFLD 4.3 (3.4,5.4) 1.5 (1.0, 2.2) 1.7 (1.2, 2.4) 2.0 (1.5, 2.7) 2.3 (2.0,2.7) <0.001
Non-NAFLD 4.3 (3.4, 5.4) 1.5 (1.0, 2.2) 1.7 (1.2, 2.3) 2.0 (1.5, 2.6) 23(2.0,27)  <0.001

>

Data are from the NHANESs between 1999 and 2016. Data are expressed as percentage or mean (95% CI) Any CKD refers, urinary ACR >30 mg/g,
eGFR <60 mL/min per 1.73 m?, or both. Hyperfiltration was defined as ¢GFR >135 mL/min per 1.73 m?. All analyses were adjusted for age, sex, and
race or ethnic group. Py eng Was calculated for MAFLD or non-MAFLD group by including a continuous variable for the midpoint of each survey perlod

in regression models. Significant Piyeraction values indicate varying associations between prevalence estimates over time across groups.

“MAFLD us.

NAFLD. "MAFLD vs. non-MAFLD or non-NAFLD. ACR: Albumin-to-creatinine ratio; CKD: Chronic kidney disease; CI: Confidence interval; eGFR:
Estimated glomerular filtration rate; MAFLD: Metabolic associated fatty liver disease; NHANESs: National Health and Nutrition Examination Surveys;

NAFLD: Non-alcoholic fatty liver disease; OR: Odds ratio.

group, the MAFLD group has a significantly higher 10-year
CVD risk and odds of myocardial infarction and stroke.
Overall, a non-significant increasing trend was found in the
prevalence of any CKD in both groups [Table 4]. The mean
eGFR was decreasing over time in MAFLD. The MAFLD
group has significantly greater odds of any CKD and ACR.
We also compared the cardiorenal markers in MALFD
participants with and without significant alcohol use.
Participants with MAFLD and significant alcohol use were
leaner and had a higher prevalence of hypertension and a
greater 10-year risk of cardiovascular events as indicated by
Framingham scores [Supplementary Table 3, http:/links.
lww.com/CM9/A549].

Along with the results from the MAFLD group, reciprocal
results from the NAFLD group were obtained. Generally,
patients with NAFLD showed similar trends to those with
MAFLD in terms of cardiovascular risk factors and disease
and any CKD. However, the ORs of the MAFLD group (vs.
the non-MAFLD group) for general and central obesity were
greater than those of the NAFLD group (vs. the non-
NAFLD group). When excluding participants taking any
anti-hypertensive, anti-diabetic, or lipid-lowering medica-
tion, participants with MAFLD had a significantly
greater 10-year risk of cardiovascular events (as indicated
by Framingham and ASCVD scores) than those with
NAFLD [Supplementary Table 4, http:/links.lww.com/
CM9/A549]. By applying the new definition, MAFLD, we
could screen more people; therefore, we further compared
the characteristics of the larger population obtained using
the MAFLD definition to the population obtained using the
previous definition of NAFLD [Supplementary Table 3,
http:/links.lww.com/CM9/A549]. We can observe that the

Framingham cardiovascular score of the NAFLD group is
significantly lower than that of the MAFLD group.

Discussion

In the serial cross-sectional national surveys, the absolute
numbers of people with MAFLD in the USA grew
substantially over 18 years. By 2011 to 2016, in the
USA, more than a third of adults had MAFLD, and about
half of adults with MAFLD had hypertension and
dyslipidemia, a quarter had diabetes, about 90% had
central obesity, a fifth was smoking, about a fifth had some
form of CKD, 8.5% reported a previous myocardial
infarction or stroke, and the mean 10-year risk of a
cardiovascular event was 13.1% (FRS) and 10.5% (a more
contemporary ASCVD risk calculator). The odds of central
obesity, diabetes, hypertension, and dyslipidemia in people
in the MAFLD group were 17.05, 5.46, 2.90, and 1.57
times that in people in the non-MAFLD group, respective-
ly. Our analyses also show that much work looms ahead
for improvement among people with MAFLD, especially
for weight management and lowering lipid and HbAlc
levels, since only half of the people with dyslipidemia
received treatment and a quarter of patients with diabetes
mellitus were treated and controlled. Moreover, owing to a
greater absolute number of patients being identified using
the MAFLD definition compared to the NAFLD definition,
using the MAFLD definition could lead to the early
management of more patients.

Since the MAFLD definition was established, to our
knowledge, this is the first study reporting the latest
prevalence of MAFLD and its trends in the US population
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using national representative data. First, unlike a very recent
article that used liver ultrasonography from NHANES III to
define liver steatosis,'**! our study used the recently updated
and validated US-FLI, which is an improvement over the FLI,
especially in the multiethnic US population,!** and is an
important tool in epidemiological studies.!

Second, our data suggest that MAFLD has reached an alert
level in US adults, with the potential for a major epidemic of
MAFLD-related complications or outcomes, including
CVD, stroke, and CKD in the USA in the near future in
the absence of effective national intervention, the compli-
cations being confined not only to liver-related morbidity
and mortality. Several cohort studies have shown increased
CVD mortality in NAFLD patients.*>**!  Moreover,
increasing attention has also been paid to NAFLD-related
CKD, and a recent meta-analysis found that NAFLD was
associated with an increased risk and severity of CKD.!*’!
Currently, the MAFLD concept includes diabetes and
adiposity, which makes the casual role of MAFLD in CVD
and CKD incidence and increased morbidity and mortality
clearer."® Our study also suggests the odds of reported
myocardial infarction, stroke, and any CKD in the MAFLD
group, which were 75%, 58 %, and 64 % higher than that in
the non-MAFLD group. The 10-year risk of cardiovascular
events was also 3.7% (percentage points) higher in the
MAFLD group. Defining MAFLD subtypes related to CVD,
CKD, or liver disease may be one of the future directions,
rather than being just a dichotomous state based on
steatohepatitis and non-steatohepatitis MAFLD.

Third, since the MAFLD definition was released, clinicians
and scientists have been discussing redefining the nosolog-
ical framework for NAFLD.*®! Compared with partic-
ipants with NAFLD, there was a significantly higher
prevalence of hypertension and a lower prevalence of
general obesity and central obesity in patients defined by
MAFLD. Our findings indicate that, although NAFLD and
MAFLD showed similar trends in terms of cardiovascular
and renal burdens, 2 million more people had MAFLD
than NAFLD in 2011 to 2016; thus, the absolute
cardiovascular and renal burdens may still be greater for
MAFLD patients. Moreover, participants with MAFLD
may have a greater 10-year risk of cardiovascular events
than those with NAFLD, especially participants receiving
no medication intervention. Thus, adopting the MAFLD
definition may result in more relevant patients for potential
early management.

Fourth and foremost, early intervention is beneficial. In
primary prevention, the most important part could be
weight management, given that approximately 70% of the
US population with general obesity had MAFLD in 2015
to 2016. In secondary prevention, FRS is suggested to be
routinely used in MAFLD to risk-stratify patients and
guide subsequent treatment of risk factors.*”! Well-
established evidence confirms the significant benefit of
statins in CVD.*” However, 50% of dyslipidemia cases in
MAFLD were not treated and only 29% were controlled
by 2011 to 2016. Another intriguing type of medication is
glucagon-like peptide-1 receptor agonist. In 2011 to 2016,
more people with MAFLD and diabetes mellitus were
treated but were not controlled into the target HbAlc

WWW.Cmj.0rg

range. As a premature consideration in NAFLD treat-

28] . :
ment, GLP-1 receptor agonists could be especially
appropriate in patients with both MAFLD and diabetes
mellitus.?”>!"" Other cutting-edge therapies such as
sodium-glucose cotransporter 2 inhibitors and bariatric
surgery need further exploration.*?

The study may have important implications from the
clinical and public health perspective. Our findings point to
the increasing risk and burden of CVD and CKD in
MAFLD patients. Given the sizable and growing number
of adults with MAFLD and its potential morbidity and
mortality extending beyond the liver, primary care
physicians, endocrinologists, and other specialists should
be aware of the long-term effect of the disease. If screening
for cardiovascular and renal diseases is initiated once the
MAFLD is diagnosed, we may embrace an early window of
opportunity for prevention in many patients and thus help
improve patient outcomes through education and early
intervention.

This study had several limitations. First, considering the
cross-sectional design, data could only explore secular
trends but did not provide longitudinal follow-up data.
Second, the application of the blood-marker equation to
define liver steatosis may not be accurate enough.
However, liver biopsy, the current gold standard for
diagnosing hepatic steatosis, was not feasible in such a
large epidemiological study. This study also had several
strengths. The NHANES is a series of meticulously
conducted surveys with validated and standardized
methods of data collection, and the results are representa-
tive of the general population, and therefore, can be
extrapolated to the entire nation. Second, comprehensive
information of trends with age, sex, and race adjustment
was presented including continuous, categorical, and
contemporary parameters (old and new CVD risk
estimator). Finally, the new US-FLI was used, which
showed higher sensitivity and specificity than the FLI in the
multiethnic US population.!

In conclusion, MAFLD and NAFLD are increasingly
prevalent in US adults. Further, it is a matter of greater
concern to note that a considerable number of these adults
have CVD and CKD risk factors and disease, and the
absolute cardiorenal burden may be greater for adults with
MAFLD than those with NAFLD. These data call for early
identification and risk stratification of MAFLD, close
collaboration between endocrinologists and hepatologists,
and application of novel medication with CVD and renal
benefit. Then, we might be in a prime position to pursue a
broader population of cardiometabolic health.
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