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but also a multisystem disease that affects various
extra-hepatic organs, including the cardiovascular
system.*+7

NAFLD is generally considered as the hepatic
manifestation of metabolic syndrome, sharing
common cardiometabolic risk factors with cardio-
vascular disease (CVD).8 Increasing studies indi-
cated that NAFLD is an independent risk factor
for CVD.%12 Other studies have demonstrated
that NAFLD was associated with subclinical ath-
erosclerosis,!? subclinical cardiovascular disease
(CVD) outcomes,!* clinically manifesting athero-
sclerosis,!5 vulnerable atherosclerotic plaque, and
adverse outcome.!%17 However, data on whether
NAFLD by itself is associated with increased car-
diovascular events and death remain an issue to
debate. A meta-analysis of 34 studies (164,494
participants, 21 cross-sectional studies, and 13
cohort studies) failed to find that the presence of
NAFLD was associated with risk of CVD and
overall mortality.!® By using electronic healthcare
databases from European countries, another
matched cohort study of 18million European
adults found that the diagnosis of NAFLD or
NASH is more weakly associated with any excess
risk of AMI and stroke after adjusting for multiple
confounding factors. Nevertheless, heterogeneity
across studies or databases was the concerning
limitation in these studies.!®

Here, a large-scale prospective cohort study with
more than 0.5million population from the UK
Biobank was conducted to investigate the associa-
tion between NAFLD and risk of CVD and all-
cause mortality. Whether the detection of
NAFLD could further improve the prediction
efficiency for adverse CVD outcomes and all
cause mortality more than that of traditional car-
diovascular risk factors was also evaluated.

Materials and methods
Data resource and participants

The UK Biobank is the world’s largest biomedical
database containing extensive epidemiological

resource, family and medical history, physical
and cognitive measures life-style questionnaires,
and biological samples (including genotyping).
Between 2006 and 2010, more than 500,000
volunteers aged 40-69years were recruited in
this cohort across the United Kingdom.20:21
Potential participants were identified from the
National Health Service patient registers and
invited to attend a local assessment center.
Starting from recruitment, participants have
been followed for health-related outcomes and
mortality via electronic linkage with hospital
inpatient, death register, and self-reported health
problems. The UK Biobank has ethical approval
from the North West Multi-center Research
Ethics Committee.

The preliminary data extraction included 502,492
participants. The exclusion criteria were as fol-
lows: (1) Alcohol consumption above threshold
(more than once or twice a week), participants
who took any alcohol were excluded in sensitivity
analysis; (2) event (AMI and stroke) occurrence
at baseline; (3) participants lost during the cohort;
(4) participants with event or death occurrence
less than 5years after admission time to reduce
potential reverse causation; (5) diagnosis of alco-
hol liver disease, toxic liver disease, and chronic
viral hepatitis; and (6) fatty liver index (FLI)
could not be calculated and missing data. The
ICD-10 code system was applied to define the
diagnosis of alcohol liver disease (K70), toxic
liver disease (K71), and chronic viral hepatitis
(B18). Finally, the number of eligible participants
in this study was 226,432 for all-cause outcome
and 215,245 for major adverse cardiovascular
event (MACE:s) outcome (Figure 1).

Exposure and variable definition

NAFLD is defined using FLI, which is calcu-
lated from the algorithm developed by Bedogni
et al.??2 The algorithm of FLI was composed of
BMI, waist circumference, triglycerides, and y-
glutamyl transferase. The algorithm is expressed
as follows

eO.953><ln(TG)+O.139><BMI+0.718><1n(GGT)+0.053><Waist—15.745

FLI =

100

1+

X
e0.953><1n(TG)+O.139><BMI+0.718><1n(GGT)+0.053><Waist—l5.745
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Participants were extracted from UK Biobank

Inclusion criteria:
Population between 40 and 69 years old
(Recruited Between 2006-2010)

Met inclusion criteria(n=502492)

(n=49091)

Exclusion criteria:

1.Alcohol consumption above threshold ( more than once or
twice a week) (n=210753)

2.Event (AMI and Stroke) occurrence at baseline (n=18939)
3.Event or Death occurrence less than 5 years after admission
time (n=7463)

4.Diagnosis of Alcohol liver disease (K70) ,Toxic liver disease
(K71) and Chronic viral hepatitis (B18) (n=1001)

5.Fatty Liver Index can not be calculated and missing data

Eligible participants for this study:
MACESs Outcome (n=215245)

Figure 1. Flowchart describing initial dataset and exclusions leading to final cohorts.

MACES, major adverse cardiovascular events.

FLI was categorized in accordance with Bedogni
et al. as follows: low FLI (<30) ruled out fatty
liver, intermediate FLI (30-59) ruled in interme-
diate status, and high FLI (=60) ruled in fatty
liver. Liver fibrosis was measured by FIB-4 score,
a non-invasive score calculated by age, ALT,
AST and platelet count. For the subgroup analy-
sis, we used 1.45 as the cut-off of value to rule in
liver fibrosis.??

Other variables included age, sex, ethnic,
Townsend deprivation index (TDI), BMI, waist
circumference, smoking status, fasting plasma
glucose, HbAlc, HDL (high density lipoprotein),
LDL (low-density lipoprotein), total cholesterol,
triglycerides, systolic and diastolic blood pres-
sure, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), direct bilirubin, y-
Glutamyl transpeptidase (y-GT), creatinine,
Statins therapy, C-reactive protein (CRP), hyper-
tension, and diabetes.

Outcome definition
The outcome definition was based on the
International Classification of Diseases, 10th

revision (ICD-10) code. Primary outcome was
MACES, which was defined as the first occur-
rence of myocardial infarction (121, 122, 123, 124,
125, and self-report), stroke (160, 161, 163, 164,
and self-report), or CVD death (I105-I89) after
admission. Secondary outcomes were defined as
all-cause mortality, CVD mortality (I05-189),
AMI mortality (I21), and stroke mortality (161,
163, 164).

Statistical analysis

This is a large scale population based prospective
cohort study. Baseline characteristics were
described as the number (percentage) for cate-
gorical variables, the mean (standard deviation)
for continuous variables. The clinicopathological
features of patients with different levels of FLI
and p values for trend were evaluated and com-
pared using Chi-square test and ANOVA. Cox
proportional hazard models were fitted for all the
outcomes, with the survival time being from
admission to the first event of occurrence or
death. Survival participants and other competing
outcomes were defined as censored data. Hazard
ratios (HRs) and 95% confidence interval (CI)
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were reported. Cause-specific (CS) method was
used to build competing-risks models to explore
cardiovascular mortality. The CS model is suita-
ble for answering etiological questions, and the
regression coefficient reflects the relative effect of
covariates on the increased incidence of the main
endpoint in the target event-free risk set. When
there are competing risk events and the formula
used for the CS model was 25 (0) = limAt—0

Pit<T t+t,D=k|T21)
t bl
sents the instantaneous probability of a class-k
event being observed in the individual who did
not experience any event at time z.2¢ Three models
were applied to evaluate the HR for NAFLD:
model 1 adjusted for age, sex, ethnic, Townsend
Deprivation Index, current smoking (current
never or previous), systolic blood pressure and
total cholesterol, model 2 additionally adjusted for
hypertension (yes or no) and diabetes (yes or no),
and model 3 additionally adjusted for representa-
tive indicators for hepatic function (AST ALT
and Bilirubin), renal function (creatinine),
HbAlc, CRP and statins therapy (yes or no).
Restricted cubic spline (RCS) was used to detect
the dose-response relationship between FLI and
mortality or cardiovascular outcomes. Subgroup
analysis stratified by age, sex, BMI, current smok-
ing, total cholesterol level, hypertension, diabetes,
AST level, ALT level and FIB-4 was also con-
ducted. C-index was calculated to evaluate the
discriminatory power of NAFLD predicting
model, comparing to traditional CVD risk model
(age, sex, ethnic, smoking status, total cholesterol,
diabetes, and hypertension). Sensitivity analysis
was performed to analyze other outcomes, such as
chronic ischemic heart disease (CIHD), nonfatal
AMI event, and nonfatal stroke event, while ana-
lyzing all the outcomes excluding participants who
took any alcohol. Sensitivity analysis with full
database was also conducted. Two sided statistical
tests were applied, with statistical significance
being determined by p < 0.05. All statistical analy-
sis were conducted on R software (www.r-project.
org). Competing-risks models were performed
using SAS software (version 9.4, SAS Institute).

where CS repre-

Results

Baseline characteristics
The information of 502,492 participants were
extracted from the UK Biobank database. After

exclusion, a total of 215,245 participants were
included in exploring the association between
NAFLD and MACEs. Overall, 134,183 (62.3%)
participants were female, with a mean age of
55.86years. Patients with NAFLD were observed
to have a higher proportion of male and smoking;
a higher prevalence of hypertension and diabetes;
higher proportion of taking statins; and higher
levels of TDI, glucose, HbAlc, LDL, AST, ALT,
cholesterol, triglycerides, systolic and diastolic
pressure, CRP, and creatinine than those with
non-NAFLD. The p values for trend of these var-
iables were significant (p <0.001, Table 1).

NAFLD and mortality outcomes

In primary outcome analysis, the median time to
follow-up was 11.62years for MACEs. MACEs
occurred in 4,080 patients during the follow-up.
Among these patients, 1516, 1133, and 1431
events occurred in patients with NAFLD, with
intermediate NAFLD, and without NAFLD,
respectively. Compared with non-NAFLD,
NAFLD is a risk factor for MACEs (HR: 1.25,
95% CI: 1.14-1.36) after adjusting for all covari-
ables. Individuals with intermediate-NAFLD
were already in higher risk of MACEs outcome
than those without NAFLD (HR 1.16, 95% CI:
1.07-1.26).

The median times to follow-up were 11.62years
for all-cause mortality, 11.61 years for CVD mor-
tality, and 11.59 years for AMI and stroke mortal-
ity. NAFLD was a risk factor for all-cause
mortality (HR 1.14, 95% CI 1.08-1.20), CVD
mortality (HR 1.61, 95% CI 1.42-1.82), and
AMI mortality (HR: 1.58, 95% CI: 1.19-2.11)
after adjusting for all covariables. Intermediate-
NAFLD was also a risk factor for CVD mortality
(HR 1.28, 95% CI: 1.14-1.45) and AMI mortal-
ity (HR 1.34, 95% CI: 1.01-1.78). However, no
significant association was found between
NAFLD and stroke mortality (Table 2).
Competing risk models showed a similar trend for
the association between NAFLD and mortality
outcomes (Supplementary Table 1).

RCS analysis between FLI and outcomes

The estimated nonlinear association between FLI
and outcomes is shown in Figure 2 and
Supplementary Figure 1. Evidence of nonlinear-
ity with all-cause mortality (p nonlinear<<0.001),
cardiovascular mortality (p nonlinear=0.02),
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Table 1. Baseline characteristics.

Overall Non-NAFLD Intermediate-NAFLD NAFLD P for trend
Characteristics n=215,245 n=113,802 n=150,632 n=150,811
Age [years) 55.86 (8.27) 55.21 (8.39) 56.83 (8.15) 56.37 (7.96) <0.001
Sex (%) <0.001
Male 81,062 (37.7) 29,129 (25.6) 24,756 (48.9) 27,177 (53.5) <0.001
Female 134,183 (62.3) 84,673 (74.4) 25,876 (51.1) 23,634 (46.5) <0.001
Ethnic (%)
White 197,928 (92.0) 104,889 (92.2) 45,988 (90.8) 47,051 (92.6) 0.92
Asian 6253 (2.9) 3061 (2.7) 1885 (3.7) 1307 (2.6) 0.06
Black 4468 (2.1) 2136 (1.9) 1226 (2.4) 1106 (2.2) <0.001
Mix 1529 (0.7) 890 (0.8) 308 (0.6) 331(0.7) <0.001
Other 5067 (2.4) 2826 (2.5) 1225 (2.4) 1016 (2.0) <0.001
Townsend Deprivation Index -1.11(3.15) -1.33(3.05) -1.09 (3.17) -0.66 (3.30) <0.001
BMI (kg/m?] 27.75 (5.08) 24.56 (2.74) 28.76 (2.68) 33.92 (4.82) <0.001
Waist circumference (cm) 89.97 (13.72) 80.52 (8.21) 94.23 (6.31) 106.88 (10.15) <0.001
Smoking status (%)
Current 20,705 (9.6) 10,360 (9.1) 4944 (9.8) 5401 (10.6) <0.001
Never 132,047 (61.3) 74,694 (65.6) 30,083 (59.4) 27,270 (53.7) <0.001
Previous 61,526 (28.6) 28,337 (24.9) 15,354 (30.3) 17,835 (35.1) <0.001
Systolic (mmHg) 138.36 (19.53) 134.50 (19.66) 141.48 (18.60) 143.90 (18.21) <0.001
Diastolic (mmHg) 81.65 (10.60) 78.79 (10.18) 83.52 (10.00) 86.20(10.07) <0.001
Glucose (mmol/L) 5.11(1.25) 4.94(0.88) 5.12(1.14) 5.48 (1.83) <0.001
HbA1c (mmol/mol) 36.39 (6.92) 34.98 (4.93) 36.60 (6.48) 39.36 (9.65) <0.001
HDL (mmol/L) 1.40 (0.35) 1.54 (0.35) 1.30 (0.29) 1.18 (0.27) <0.001
LDL (mmol/L) 3.58(0.87) 3.51(0.82) 3.70 (0.89) 3.62(0.92) <0.001
Cholesterol (mmol/L) 5.67 (1.14) 5.64(1.08) 5.75(1.17) 5.66(1.23) <0.001
Triglycerides (mmol/L) 1.76 (1.01) 1.29 (0.57) 1.98(0.87) 2.59 (1.27) <0.001
Fatty Liver Index 35.53(29.03) 12.19 (8.16) 44.01(8.71) 79.37 (11.52) <0.001
AST (U/L) 25.56 (9.10) 24.02 (7.48) 26.01(8.85) 28.56 (11.53) <0.001
ALT (U/L) 22.91(13.47) 18.45 (8.83) 24.75(12.98) 31.05(17.66) <0.001
Direct Bilirubin (umol/L) 8.78 (4.30) 8.88 (4.42) 8.79 (4.22) 8.55 (4.07) <0.001
[Continued)
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Overall Non-NAFLD Intermediate-NAFLD NAFLD P for trend
y-GT(U/L) 32.81(32.68) 22.67 (14.94) 35.46 (27.69) 52.89 (51.18) <0.001
Creatinine (umol/L) 71.19 (18.32) 68.35 (16.22) 73.90 (18.35) 74.84 (21.40) <0.001
CRP 2.72 (4.32) 1.87 (3.66) 2.94 (6.19) 4.39 (5.20) <0.001
Statins Therapy 31,379 (14.6) 10,104 (8.9) 8927 (17.6) 12348 (24.3) <0.001
Hypertension (%) 41,663 (19.4) 15,277 (13.4) 11,415 (22.5) 14,971 (29.5) <0.001
Diabetes (%) 20,882 (9.7) 3973 (3.5) 4942 (9.8) 11,967 (23.6) <0.001

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; HDL, high density lipoprotein;
LDL, low density lipoprotein; NAFLD, nonalcoholic fatty liver disease.

and nonfatal myocardial infarction (p nonlin-
ear=0.01) could be found, while other outcome
did not show any nonlinear relationship. Except
for fatal/nonfatal stroke, a positive association was
found in most outcomes (p overall <0.001).

Subgroup and sensitivity analyses

Stratified analyses were conducted in accordance
with the potential risk factors (Figure 3). The asso-
ciations between NAFLD and the risk of MACEs
were stronger among individuals with older age
(=60years), no current smoking, BMI < 25 kg/m?2,
and no hypertension (all p values for interac-
tion<<0.01). Similar results were found in CVD
mortality. No current smoking individuals showed
higher risk in fatal and nonfatal AMI outcomes,
and no hypertensive participants exhibited a higher
risk in the latter outcome (Supplementary Figure
2). Sensitivity analysis showed that the risk of non-
fatal myocardial infarction and CIHD mortality
was higher in participants with NAFLD, similar to
the result of MACEs (Supplementary Table 2).
Moreover, when participants who had a habit of
drinking alcohol were excluded, the HRs for all the
outcomes had no substantial change
(Supplementary Table 3). Finally, sensitivity anal-
ysis with full database (database without excluding
participants with event or death occurrence less
than 5years after admission time and drinking
alcohol) was also conducted and the similar results
were showed (Supplementary Table 4).

Risk prediction efficiency of FLI and NAFLD
When FLI was combined with other CVD risk fac-
tors (age, sex, ethnicity, total cholesterol, diabetes,

hypertension, and smoking status), a significant
improvement was observed in the discriminatory
power of the prediction for primary and secondary
outcomes (C index: 0.753 versus 0.754, p<<0.001
for all-cause outcome; 0.766 versus 0.768,
$»<0.001 for MACEs; 0.803 versus 0.809,
$<0.001 for CVD mortality; 0.804 versus 0.811,
$»<0.01 for AMI mortality; and 0.833 versus
0.838, p=0.03 for CIHD mortality) (Table 3).

Discussion

In this large prospective cohort study from the
United Kingdom, NAFLD was observed to be a
risk factor for MACE:s, all-cause mortality, CVD
mortality, and nonfatal AMI. An increased risk
was observed even in patients with intermediate
NAFLD, independent with demographic charac-
teristics, traditional cardiometabolic risks, hepatic
function, and renal function. Detection of
NAFLD could improve the risk prediction effi-
ciency of CVD based on traditional risk factors.

Basically, FLI and the exclusion of alcohol con-
sumption were main criteria to diagnose NAFLD
in our study. Several indexes have been developed
to predict the presence of fatty liver. Fatty liver
index has been proposed and validated in general
population. Highly accuracy has been proven in
detecting fatty liver (accuracy of 0.84 and specific-
ity >0.86 for an FLI>60).22 FLI has also been
validated using magnetic resonance spectros-
copy?> and other study using biopsy2 reported
that FLI could differentiate between moderate
and mild steatosis, and showed a linear trend
across the steatosis grades. In order to further dis-
cuss the relationship between NAFLD-related
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Table 2. Association of NAFLD with cardiovascular disease and all-cause mortality.

Participants/cases Model 1 Model 2 Model 3
HR (95% CI) Pvalue HR(95% CI) Pvalue HR(95% Cl) P value

Primary Outcome
MACEs

Non-NAFLD 113,802/1431 Ref Ref Ref

Intermediate-NAFLD 50,632/1133 1.31 (1.21-1.42) <0.001 1.19 (1.10-1.29) <0.001 1.16(1.07-1.26) < 0.001

NAFLD 50,811/1516 1.68 (1.55-1.81) <0.001 1.31(1.21-1.41) <0.001 1.25(1.14-1.36) < 0.001
Secondary Outcome
All-Cause Mortality

Non-NAFLD 117,359/3800 Ref Ref Ref

Intermediate-NAFLD 53720/2406 1.07 (1.02-1.13) <0.01 1.00 (0.95-1.06) 0.87 1.00(0.95-1.06)  0.87

NAFLD 55,353/3329 1.40 (1.33-1.47) <0.001 1.17 (1.11-1.23) <0.001 1.14(1.08-1.20)  <0.001
Cardiovascular Disease Mortality

Non-NAFLD 117,359/580 Ref Ref Ref

Intermediate-NAFLD 53,720/525 1.39 (1.23-1.56) <0.001 1.30 (1.15-1.47) <0.001 1.28 (1.14-1.45)  <0.001

NAFLD 55,353/849 2.03(1.82-2.27) <0.001 1.67 (1.48-1.87) <0.001 1.61(1.42-1.82)  <0.001
Acute Myocardial Infarction Mortality

Non-NAFLD 117,359/96 Ref Ref Ref

Intermediate-NAFLD 53,720/108 1.56 (1.18-2.07) <0.01 1.47 (1.11-1.95) <0.01 1.34(1.01-1.78]  0.04

NAFLD 55,353/180 2.31(1.79-2.99) <0.001 1.89 (1.44-2.47) <0.001 1.58(1.19-2.11)  <0.01
Stroke Mortality

Non-NAFLD 117,359/109 Ref Ref Ref

Intermediate-NAFLD 53,720/73 1.09 (0.80-1.47) 0.58 1.03 (0.76-1.40) 0.84 1.08 (0.79-1.47)  0.64

NAFLD 55,353/90 1.29 (0.97-1.73) 0.08 1.10 (0.81-1.50) 0.53 1.18 (0.85-1.64)  0.32

Cl, confidence interval; HR, hazard ratio; MACEs, major adverse cardiovascular events; NAFLD, non-alcoholic fatty liver disease.
Model 1: Age, sex, ethnic, Townsend Deprivation Index, current smoking (current never or previous), systolic blood pressure and total cholesterol

were adjusted;

Model 2: Variables included in model 1 and additionally hypertension (yes or no) and diabetes (yes or no) were adjusted;

Model 3: Variables included in model 2 and additionally AST ALT Bilirubin CRP HbA1c creatinine and Statins therapy (yes or no) were adjusted.

fibrosis and CVD outcomes, FIB-4 score was
used in subgroup analysis. However, the risk of
CVD and all cause mortality was not significantly
higher in high FIB-4 score subgroup. Other study
also reported that surrogate risk scores for
NAFLD-related fibrosis, such as FIB-4 do not
add information in assessing the CVD events in
patients with CAD proven by angiography.2?

CVD is one of the leading causes of death among
patients with NAFLD.28:29 However, as NAFLD
shares most of the components of metabolic-
related factors with CVD, whether NAFLD is a
risk factor for CVD on its own or mediated by
co-existing cardiometabolic risk factors has been
a controversial issue. Previous studies yielded
inconsistent results.!81%9:30-33 These differences
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Figure 2. Association of Fatty Liver Index and cardiovascular disease and all-cause mortality. (a) Major Adverse Cardiovascular
Events (MACEs]), (b) All-Cause Mortality, (c]) Cardiovascular Disease Mortality, (d) Acute Myocardial Infarction Mortality, (e} Stroke

databases reported that NAFLD was not associ-
ated with the risks of AMI or stroke after adjust-
ment for established cardiovascular risk factors.!?
While that study had a very large sample size

Mortality.
were possibly caused by the great heterogeneity of
pooled study!® and the NAFLD criteria.3® A
recently published matched cohort study based
on four large European electronic primary care
8
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(a) subgroup

Age(Years)
=60

Sex

Male

Female

Current Smoking
Yes

No

<25

Diabetes

Yes

No
Hypertension
Yes

No

Cholesterol(mmoliL)

26.0

<6.0
ALT(U/L)
240

<40
AST(U/L)

No of

participants

86749
128496

81062
134183

20705
194540

146704
68541

20882
194363

41663
173582

79580
135665

16630
198615

9268
205977

61951
148018

'

Hazard Ratio P value for

(95%Cl)

1.21(1.11 to 1.33)
1.17(1.04 to 1.33)

1.11(1.02 to 1.22)
1.19(1.06 to 1.34)

0.87(0.73 to 1.03)
1.24(1.14 to 1.34)

1.23(1.14 to 1.33)
2.00(1.08 to 3.71)

1.11(0.97 to 1.26)
1.15(1.06 to 1.26)

0.90(0.82 to 1.01)
1.39(1.26 to 1.54)

1.11(0.98 to 1.26)
1.18(1.08 to 1.29)

0.93(0.73 to 1.19)
1.17(1.09 to 1.26)

1.06(0.76 to 1.46)
1.18(1.09 to 1.27)

1.17(1.04 to 1.32)
1.13(1.04 to 1.24)

Figure 3. (Continued)

Interaction

<0.01

0.3

<0.001

0.001

0.15

<0.001
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(b)Subgroup

Age(Years)
260

Sex
Male

Female

Current Smoking

Yes

No

BMI

225

<25

Diabetes

Yes

No
Hypertension
Yes

No

Cholesterol(mmol/L)

6.0
<6.0
ALT(U/L)
240
<40
AST(U/L)

No of

participants

94037
132395

88153
138279

22494
203938

155831
70601

24210
202222

45501
180931

81511
144921

17761
208671

9983
216449

66767
154116

Hazard Ratio P value for

(95%Cl)

1.13(1.07 to 1.20)
1.10(1.01 to 1.21)

1.10(1.03 to 1.17)
1.19(1.11 to 1.29)

0.92(0.82 to 1.04)
1.22(1.15 to 1.28)

1.27(1.21 to 1.34)
1.36(0.81 to 2.29)

1.08(0.99 to 1.18)
1.18(1.12 to 1.26)

1.06(0.97 to 1.14)
1.19(1.12 to 1.27)

1.15(1.05 to 1.26)
1.15(1.08 to 1.22)

1.01(0.86 to 1.20)
1.20(1.15 to 1.25)

0.99(0.81 to 1.21)
1.17(1.11 to 1.23)

1.14(1.05 to 1.23)
1.16(1.09 to 1.23)

Interaction

<0.001

0.04

<0.001

<0.001

0.09

<0.001

0.33

0.17

0.32

0.86

Figure 3. (Continued)
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(c) Subgroup No of Hazard Ratio P value for
participants (95%Cl) Interaction

Age(Years)
=260 94037 — 1.44(1.28 to 1.62) 0.005
<60 132395 S — 1.64(1.35 to 2.00)
Sex
Male 88153 - 1.29(1.14 to 1.47) 0.11
Female 138279 —a— 1.63(1.37 to 1.94)

Current Smoking

Yes 22494 —— 0.99(0.78 to 1.25) <0.001
No 203938 --— 1.55(1.39 to 1.74)

BMI

225 155831 - 1.50(1.35 to 1.68) 0.01
<25 70601 B> 3.85(1.82t08.14)

Diabetes

Yes 24210 —— 1.29(1.09 to 1.53) 0.18
No 202222 —— 1.49(1.31 to 1.69)

Hypertension

Yes 45501 —— 1.11(0.94 to 1.32) <0.001
No 180931 —— 1.58(1.39to 1.79)
Cholesterol(mmol/L)

26.0 81511 —i— 1.37(1.11 to 1.69) 0.52
<6.0 144921 — 1.42(1.27 to 1.60)
ALT(U/L)

240 17761 —— 1.18(0.81t0 1.72) 0.55
<40 208671 - 1.34(1.21 to 1.49)
AST(U/L)

240 9983 4 1.36(0.86 to 2.13) 0.81
<40 216449 - 1.42(1.28 to 1.57)

FIB-4

=21.45 66767 —— 1.28(1.10 to 1.49) 0.58
<1.45 154116 —— 1.37(1.20 to 1.56)

Figure 3. (Continued)
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(d) Subgroup

Age(Years)
260

<60

Sex

Male

Female

Current Smoking

Yes

No

BMI

=225

<25
Diabetes
Yes

No
Hypertension
Yes

No

Cholesterol(mmol/L)

=6.0

<8.0
ALT(U/L)
240

<40
AST(U/L)

No of

participants

94037
132395

88153
138279

22494
203938

155831
70601

24210
202222

45501
180931

81511
144921

17761
208671

9983
216449

66767
154116

[ E—
JE " E—
[ S
I E—
| I I
0.5 1.5 25

Hazard Ratio P value for

(95%Cl)

1.39(1.06 to 1.82)
1.23(0.79 to 1.90)

1.52(1.17 to 1.98)
0.92(0.57 to 1.48)

0.88(0.52 to 1.49)
1.52(1.18 to 1.96)

1.31(1.03 to 1.66)
1.69(0.34 to 8.45)

1.18(0.81 to 1.73)
1.40(1.06 to 1.86)

1.31(0.90 to 1.91)
1.34(1.00 to 1.79)

1.38(0.90 to 2.11)
1.34(1.03 to 1.75)

1.27(0.62 to 2.59)
1.39(1.10 to 1.76)

0.92(0.36 to 2.38)
1.39(1.10 to 1.76)

1.73(1.22 to 2.45)
1.21(0.91 to 1.60)

Interaction

0.26

<0.01

0.31

0.18

0.91

0.51

0.7

0.9

Figure 3. (Continued)
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(e) Subgroup No of Hazard Ratio P value for
participants (95%Cl) Interaction
Age(Years)
260 94037 —— 1.08(0.79 to 1.49) 0.44
<60 132395 —. 1.07(0.54 to 2.13)
Sex
Male 88153 —— 0.86(0.58 to 1.27) 0.05
Female 138279 —— 1.55(1.01 to 2.36)
Current Smoking
Yes 22494 —— 0.69(0.35 to 1.36) 0.11
No 203938 - 1.20(0.88 to 1.64)
BMI
225 155831 —— 1.13(0.82 to 1.52) 0.06
<25 70601 #— 4.05(0.76 to 44.11)
Diabetes
Yes 24210 —a— 0.83(0.51 to 1.35) 0.29
No 202222 —— 1.29(0.91 to 1.83)
Hypertension
Yes 45501 —— 0.87(0.54 to 1.38) 0.01
No 180931 —— 1.24(0.86 t0 1.78)
Cholesterol(mmol/L)
26.0 81511 —— 1.76(1.03 to 3.01) 0.04
<6.0 144921 —_— 0.91(0.65 to 1.27)
ALT(U/L)
240 17761 - 0.61(0.19 to 1.98) 0.88
<40 208671 — 1.05(0.78 to 1.40)
AST(U/L)
240 9983 R 0.42(0.10 to 1.74) 0.81
<40 216449 —— 1.11(0.83 to 1.49)
FIB-4
21.45 66767 —— 0.99(0.65 to 1.49) 0.82
<145 154116 —— 1.07(0.73 to 1.57)
1 T T T 71T T 1
05 1 15 2 25 3 35 4

Figure 3. Forest plot for risks of all-cause and major adverse cardiovascular events associated with NAFLD
stratified by potential risk factors. (a) Major Adverse Cardiovascular Events (MACESs), (b) All-Cause Mortality,
(c) Cardiovascular Disease Mortality, (d) Acute Myocardial Infarction Mortality, (e] Stroke Mortality.

(data from 18million), the prevalence of a
recorded diagnosis of NAFLD (2.0%) was much
lower than expected (approximately 22% as the
median proportion in the present study), indicat-
ing that a large proportion of patients with
NAFLD was undetected and thus included in the

control group, which could bias the risk for CVD
toward the null. A Mendelian randomization
study from Denmark used a genetic variant in the
gene encoding the protein patatin-like phospholi-
pase domain containing 3 protein (PNPLA3) and
1148M (rs738409) to investigate the causality

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease Volume 13
Table 3. C-index for traditional risk model and NAFLD model.
Risk model NAFLD model p value
All-cause mortality 0.752 (0.736-0.768) 0.753 (0.737 to 0.769) <0.001
MACEs 0.765 (0.741-0.789) 0.766 (0.742-0.790) <0.001
CVD mortality 0.800 (0.767-0.833) 0.804 (0.773-0.835) <0.001
AMI mortality 0.809 (0.744-0.874) 0.816 (0.755-0.877) <0.01
Stroke mortality 0.815(0.731-0.899) 0.815 (0.729-0.901) 0.54
CIHD mortality 0.854 (0.807-0.901) 0.859 (0.812-0.906) 0.03

Risk model: simulated by age, sex, ethnic, smoking status, total cholesterol, diabetes, hypertension.
NAFLD model: In addition simulated FLI (continuous variables).
AMI, acute myocardial infarction; CIHD, chronic ischemic heart disease; CVD, cardiovascular disease; NAFLD,

nonalcoholic fatty liver disease.

between NAFLD and coronary heart disease
(CHD), and did not find any association.3!
However, that study was limited by the use of
only one variant as a genetic instrument for
NAFLD. PNPLA3 is also involved in lipid drop-
let remodeling and very low-density lipoprotein
production, which may explain the negative rela-
tionship of the variant with CHD. If genetic vari-
ants are pleiotropic (e.g. PNPLA3 for lipid
metabolism and NAFLD), Mendelian randomi-
zation studies may be biased.32 In another recently
published Mendelian randomization study, the
entire set of 12 NAFLD susceptibility genes was
not associated with CHD. However, after the
genes with an effect on lipid metabolism were
excluded, the remaining genetic variants showed
a positive relationship with CHD.33

Although still with controversies, some studies
aimed to demonstrate the fundamental mecha-
nisms linking NAFLD to CVD. First, dyslipi-
demia in patients with NAFLD induces hepatic
fat accumulation. This accumulation of visceral
fat helps activate inflammatory pathways as well
as releasing fat-derived toxic metabolites, ulti-
mately leading to the development of CVD, pos-
sibly via mechanisms beyond overweight and
obesity.3436 Second, apart from fat accumulation
in the liver, adipose tissue accumulating inside
and surround myocardial tissue, play a central
role in the pathogenetic association between
NAFLD and CVD. Third, hepatic/peripheral
insulin resistance, which is frequently in parallel
with NAFLD, affecting various processes

associated with development of CVD, such as
atherogenesis, atherosclerotic lesions progression,
and vulnerable plaque rupture.37-3° Finally, gene
alterations?! and gut microbiota dysbiosis are
increasingly considered as contributory factors
for the development of cardiometabolic diseases
associated with NAFLD.40

Besides, insulin resistance (IR) possibly plays a
crucial role connecting NAFLD and cardiovascu-
lar diseases. IR is the most relevant pathogenetic
features for NAFLD and causes an increase in
hepatic lipogenesis and a lack of suppression of
adipose tissue lipolysis, with an evaluated flow of
free fatty acids (FFAs) in liver.41-42 Once accumu-
lated in the liver, FFAs induce insulin signaling
pathway alteration, leading to the development of
the systematic state of IR.43> Therefore, bidirec-
tional relationship was showed between IR and
NAFLD.# The findings from the researches of
chronic hepatitis C virus (HCV) infection
strengthen the evidence of bidirectional relation-
ship between IR and NAFLD. NAFLD has been
reported with high prevalence (ranging from 40%
to 86%) in chronic hepatitis C virus (HCV) infec-
tion.#> Other researches also found that the risk of
developing type 2 diabetes mellitus is 11 times
higher in patients with HCV infection, and that
insulin resistance (IR) is the link between HCV
infection and diabetes.*%-*7 Furthermore, HCV
clearance by direct-acting antiviral (DAAS) treat-
ments reverses insulin resistance*® and allows a
significant reduction of MACEs in the predia-
betic population.#® Therefore, the improvement
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of IR degree could help reduce NAFLD progres-
sion and considered to be a potential therapeutic
target for NAFLD and NAFLD-related CVD
outcomes.

Considering the high prevalence of NAFLD and
the global epidemic of CVD, this study found
important novel findings for guiding clinical prac-
tice. Nowadays, the academic guidelines’ recom-
mendations on screening for NAFLD are
inconsistent. The 2018 American Association for
the Study of Liver Diseases (AASLD) guideline
does not recommend routine screening for
NAFLD even in high-risk patients, mainly due to
limited treatment options.3° By contrast, the 2016
European Association for the Study of the Liver
recommends screening for NAFLD in patients
with obesity, metabolic syndrome, and high CVD
risk.>1 The CardioMetabolic Heath Alliance
advocated for more comprehensive screening in
the community to improve the prevention of met-
abolic syndrome.>2 The data in the present study
showed that NAFLD was associated with
increased risk of CVD. More importantly, screen-
ing NAFLD could provide further incremental
value for CVD prediction based on the estab-
lished cardiovascular risk factors.

Subgroup analysis interestingly showed that
NAFLD had a greater impact on all-cause mor-
tality and CVD-related mortality in older partici-
pants (=60years), nonsmokers, participants
without obesity, and those without hypertension.
The exact pathophysiological mechanisms for
these differences among subgroups are still not
totally explored. A debate on whether patients
with NAFLD with or without obesity have worse
clinical outcomes exists. A strong effect of
NAFLD was found among participants without
obesity in some studies®3>-55 and the present study.
The data in the present study also suggested that
females were exposed to higher risk of all-cause
and stroke mortality than males. Some studies
supported this result.5%:57 Since the data focused
on middle to old participants (40-69years), the
gender difference was possibly related to the lev-
els of estrogens and faster loss of subcutaneous
adipose tissue in aging women than in men.56:58

Our study also found that NAFLD gained higher
hazard in nonsmokers. This result was not con-
tradicted with other researches which found that
cigarette smoking was independently associated

with the onset of NAFLD?>° and advanced liver
fibrosis among NAFLD patients,° since the sub-
group analysis in present study compared smoker
and nonsmoker separately and then the interac-
tion effect, rather than compared smoker with
nonsmoker directly. This is possibly because ciga-
rette smoking and NAFLD both involved with
the systemic inflammation and tissue hypoxemia,
oxidative stress, and insulin resistance, which are
the common mechanism or overlapping condi-
tions to induce cardiovascular diseases.%!
However, more researches are needed to investi-
gate the causal association among cigarette Smok-
ing NAFLD and adverse CVD outcomes.

Strengths and limitations

This study has several strengths. First, the UK
Biobank dataset is a national prospective popula-
tion-based cohort, which reflects a real-world set-
ting situation. Second, it included half a million
of individuals and more than 10-year follow-up
period, which provided adequate sample size to
explore the outcomes related to NAFLD. Third,
integrated and comprehensive demographic and
clinical information enabled the application of
sensitivity analyses which could help minimize
confounding factors. Finally, participants within
5years after admission were excluded, and the
detection of dose-response relationship between
FLI and outcomes helped enhance the level of
evidence on the cause-effect relationship.

Several limitations are important to consider.
First, the participants with NAFLD were identi-
fied using FLI, which is not the gold standard
(liver biopsy) in the evaluation of NAFLD status.
Second, nearly 92% participants were white,
these data may not be representative of more eth-
nically diverse populations. Third, alcohol con-
sumption above threshold (more than once or
twice a week) is not an exact amount for exclud-
ing alcoholic fatty liver. However, we conducted
sensitivity analysis excluded participants who had
a habit of drinking alcohol, the result for all the
outcomes had no substantial change.

Conclusion

NAFLD is an independent risk for all-cause mor-
tality and adverse cardiovascular outcomes. Even
in participants with intermediate NAFLD, a
higher risk for adverse cardiovascular outcomes
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was revealed. The detection of NAFLD enhanced
the prediction power for all-cause mortality and
adverse CVD outcomes. Therefore, screening
and management of NAFLD is conducive to the
prevention and precaution of CVD.
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