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ABSTRACT

OBJECTIVE

To investigate the risk of non-alcoholic fatty liver
disease (NAFLD) for cardiovascular disease and all
cause death in patients with type 2 diabetes mellitus
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Longitudinal cohort study in Korea.

PARTICIPANTS

7796763 participants in the National Health
Screening Programme in 2009 were divided into three
groups based on NAFLD status: no NAFLD (fatty liver
index<30); grade 1 NAFLD (30sfatty liver index<60);
and grade 2 NAFLD (fatty liver index=60). Median
follow-up was 8.13 years.

MAIN OUTCOME MEASURES

The primary outcome was incident cardiovascular
disease (myocardial infarction, ischaemic stroke) or all
cause death.

RESULTS

0f 7796 763 participants, 6.49% (n=505763) had
T2DM. More patients with T2DM had grade 1 NAFLD
(34.06%) and grade 2 NAFLD (26.73%) than those
without T2DM (grade 1 NAFLD: 21.20%; grade 2
NAFLD: 10.02%). The incidence rate (per 1000
person years) of cardiovascular disease and all cause
death increased in the order of no NAFLD, grade 1
NAFLD, and grade 2 NAFLD, and the incidence rates
in patients with T2DM were higher than those in

Accepted: 02 January 2024

WHAT IS ALREADY KNOWN ON THIS TOPIC

Non-alcoholic fatty liver disease and type 2 diabetes mellitus might have a
synergistic association that contributes to cardiovascular risk in affected patients

Large scale, population based, longitudinal studies are needed that evaluate the
association between non-alcoholic fatty liver disease and cardiovascular disease
risk in patients with type 2 diabetes mellitus

WHAT THIS STUDY ADDS

Non-alcoholic fatty liver disease in patients with type 2 diabetes mellitus seems
to be associated with a higher risk of cardiovascular disease and all cause death,
even in patients with a mild degree of fatty liver

Risk differences for cardiovascular disease and all cause death between patients
without non-alcoholic fatty liver disease and those with grade 1 or grade 2 non-
alcoholic fatty liver disease were higher in those with type 2 diabetes mellitus
than in those without this condition

Non-alcoholic fatty liver disease screening and prevention could reduce the risk
of cardiovascular disease and all cause death in patients with type 2 diabetes
mellitus
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patients without T2DM. The five year absolute risk for
cardiovascular disease and all cause death increased
in the order of no NAFLD, grade 1 NAFLD, and grade 2
NAFLD in patients without and with T2DM (no NAFLD,
without T2DM: 1.03, 95% confidence interval 1.02 to
1.04, and 1.25, 1.24 to 1.26, respectively; grade 1
NAFLD, without T2DM: 1.23, 1.22 to 1.25, and 1.50,
1.48t0 1.51, respectively; grade 2 NAFLD, without
T2DM: 1.42, 1.40 to 1.45, and 2.09, 2.06 to 2.12,
respectively; no NAFLD, with T2DM: 3.34, 3.27 to 3.41,
and 3.68, 3.61 to 3.74, respectively; grade 1 NAFLD,
with T2DM: 3.94, 3.87 to 4.02, and 4.25, 4.18 to 4.33,
respectively; grade 2 NAFLD, with T2DM: 4.66, 4.54 to
4.78,and 5.91, 5.78 to 6.05, respectively). Patients
with T2DM and without NAFLD had a higher five year
absolute risk for cardiovascular disease and all cause
death than those without T2DM and with grade 2
NAFLD. Risk differences for cardiovascular disease
and all cause death between no NAFLD and grade 1 or
grade 2 NAFLD were higher in patients with T2DM than
in those without T2DM.

CONCLUSIONS

NAFLD in patients with T2DM seems to be associated
with a higher risk of cardiovascular disease and all
cause death, even in patients with mild NAFLD. Risk
differences for cardiovascular disease and all cause
death between the no NAFLD group and the grade 1
or grade 2 NAFLD groups were higher in patients with
T2DM than in those without T2DM.

Introduction
The prevalence of non-alcoholic fatty liver disease
(NAFLD) is increasing worldwide.! > Many studies
have found that NAFLD is associated with various
metabolic disorders based on insulin resistance.’?
NAFLD is a global health problem because of its ability
to cause liver related complications (such as cirrhosis
and hepatocellular carcinoma) and cardiovascular
disease.®*> Cardiovascular disease is one of the leading
causes of death in patients with NAFLD.'* '®

Type 2 diabetes mellitus (T2DM) is one of the
most important risk factors for cardiovascular
disease,’® 7 and is strongly associated with greater
NAFLD prevalence and severity.” ¥ Many studies
have described a complex bidirectional association
between NAFLD and T2DM’ °—60-70% of patients
with T2DM have NAFLD.® NAFLD and T2DM might
have a synergistic association that contributes to
cardiovascular risk in affected patients.’® However,
some studies have reported mixed results when
examining the association between NAFLD and
cardiovascular disease in patients with T2DM.!* 122021
Although one study found no correlation between
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NAFLD and cardiovascular disease,’! a meta-analysis
of 11 studies showed that patients with T2DM
and NAFLD had double the risk of cardiovascular
disease compared with those with T2DM but without
NAFLD.}? However, previous studies assessing the
risk of cardiovascular disease in patients with T2DM
and NAFLD have been limited by small sample sizes
or cross sectional design. Large scale, population
based, longitudinal studies are needed evaluating
the association between NAFLD and cardiovascular
disease risk in patients with T2DM. Therefore, the
aim of this study was to evaluate the risk of NAFLD for
cardiovascular disease and all cause death in patients
with T2DM using a nationwide database.

Methods

Data source

This is a nationwide, population based cohort study
that used data from the National Health Information
Database, which is administered by the National
Health Insurance Service with linkage to the National
Health Screening Programme. The National Health
Insurance Service is a single payer healthcare system
that is managed by the Korean government and
covers more than 97% of the Korean population. The
National Health Information Database contains data
on sociodemographic variables, diagnoses (defined
by the international classification of diseases, 10th
revision—ICD-10), prescriptions, and hospital
visit dates. Medical interviews, anthropometric
measurements, blood tests, urine tests, and additional
assessments were included in the National Health
Screening Programme. We obtained mortality data
from the National Death Registry. The current study
protocol (SSU-202003-HR-201-01) was approved by
the institutional review board of Soongsil University.
The requirement for informed consent was waived by
the institutional review board because the dataset was
deidentified to protect personal information.

Study design and participants

We selected 10 601 283 participants from the National
Health Screening Programme in 2009. We excluded
patients who were younger than 20 years (n=15 431);
had type 1 diabetes mellitus (n=172315); consumed
230 g/day alcohol and had chronic hepatitis B, chronic
hepatitis C, liver cirrhosis, or hepatocellular carcinoma
(n=1766863); had cardiovascular disease (myocardial
infarction or ischaemic stroke; n=363151); or who
had missing data (n=455 454; supplementary figure
S1). To overcome bias, we also excluded those who
developed cardiovascular disease within one year
(lag period; n=31306). Finally, 7 796 763 participants
were included and followed from baseline to the date
of incident cardiovascular disease, all cause death,
or until 31 December 2018. The median follow-up
duration was 8.13 years.

Measurements
Anthropometric and laboratory data were obtained
through the National Health Screening Programme.
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Blood pressure was measured while participants
were seated. After an overnight fast of at least eight
hours, venous blood samples were obtained to
measure glucose, aspartate aminotransferase, alanine
aminotransferase, y-glutamyl transferase, total
cholesterol, triglycerides, high density lipoprotein
cholesterol, low density lipoprotein cholesterol, and
creatinine levels. The estimated glomerular filtration
rate was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation.

We wused a standardised self-assessment
questionnaire to obtain information about smoking
status, alcohol consumption, and regular exercise.
Mild drinker was defined as drinking <30 g/day
alcohol. Regular exercise was defined as moderate
intensity activity performed for at least 30 min, five
or more times per week, or high intensity activity
performed for at least 20 min, three or more times per
week. Low income was defined by the lowest income
group or meeting criteria for medical aid benefit.

Definitions
T2DM was defined by fasting plasma glucose
concentration 2126 mg/dL or the presence of at
least one prescription claim per year for antidiabetic
drugs under ICD-10 codes E11-14. Hypertension was
defined as blood pressure >140/90 mm Hg or the
presence of at least one prescription claim per year for
antihypertensive drugs under ICD-10 codes 110-13 or
I15. Dyslipidemia was defined using ICD-10 code E78
and at least one claim per year for prescription of a
lipid lowering agent, or a total cholesterol level 2240
mg/dL. Obesity was defined as a body mass index >25.
Abdominal obesity was defined as waist circumference
>90 cm in men and =85 cm in women. Chronic kidney
disease was defined as estimated glomerular filtration
rate <60 mL/min/1.73 m>.

Fatty liver index was used to define hepatic steatosis

and was calculated using the following equation: (*°°%"
In(TG)+0.139xbody mass index+0.718xIn(GGT)+0.053xwaist circumference—

15.745) . (1+e0.953><ln(TG)+0.139><body mass index+0.718xIn(GGT)+0.053x

waist circumference—15.745)x100’ where TG=trig1yceride and
GGT= y-glutamyl transferase.”?> NAFLD was defined as
the presence of hepatic steatosis without viral hepatitis
or excessive alcohol consumption (=30 g/day). Because
we excluded patients who consumed excessive alcohol
and those with chronic hepatitis B or hepatitis C, we
defined NAFLD by the presence of hepatic steatosis
assessed by fatty liver index alone. Patients were divided
into three groups: no NAFLD, fatty liver index<30; grade
1 NAFLD, 30<fatty liver index<60; and grade 2 NAFLD,
fatty liver index=60.

Study outcomes

The endpoint of this study was the development
of cardiovascular disease or all cause death.
Cardiovascular disease was defined as myocardial
infarction or ischaemic stroke. Myocardial infarction
was defined as ICD-10 code 121 or 122 during hospital
admission. Ischaemic stroke was defined as ICD-10
code 163 or 164 during hospital admission with claims
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for brain magnetic resonance imaging or computed
tomography.

Statistical analysis

Data for continuous variables are presented as
meanststandard deviation or geometric mean
(95% confidence interval). Categorical variables
are reported as number (%). Incidence rates are
presented as the number of events occurring per
1000 person years. Hazard ratio and 95% confidence
interval for cardiovascular disease or all cause death
were estimated using a Cox proportional hazards
model. The multivariable models were adjusted for
basic factors (age, sex), personal characteristics
(smoking status, alcohol consumption, physical
activity, and low income), and history or condition
of disease (hypertension, dyslipidemia, body mass
index, diabetes mellitus, and estimated glomerular
filtration rate). We constructed Kaplan-Meier
survival curves to compare the cumulative incidence
rate of cardiovascular disease or all cause death
according to the presence of NAFLD. Subgroup
analysis was performed under the categories of
sex, smoking status, abdominal obesity, aspartate
aminotransferase or alanine aminotransferase,
income level, alcohol consumption, regular exercise,

obesity, hypertension, dyslipidemia, chronic kidney
disease, or y-glutamyl transferase. Variance inflation
factor was calculated to assess the collinearity
assumption, with variance inflation factor <5
considered to indicate no significant collinearity.
Statistical significance was defined as a two sided
P value<0.05. Analyses were performed with SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Patient and public involvement

No patients were involved in setting the research
question or the outcome measures. No patients
were involved in developing plans for design or
implementation of the study. Patient and public
involvement was not commonly used in our discipline
in this region when we started the study.

Results

Table 1 and supplementary table S1 present the
baseline characteristics of the study population.
Of 7796763 participants, 6.49% (n=505763) had
T2DM; additionally, 22.04% had grade 1 NAFLD and
11.11% had grade 2 NAFLD (supplementary tables
S1 and S2). More patients with T2DM had grade 1
NAFLD (34.06%) and grade 2 NAFLD (26.73%) than

Table 1 | Baseline characteristics of the study population
Without type 2 diabetes mellitus With type 2 diabetes mellitus
Total No NAFLD Grade 1 NAFLD Grade 2 NAFLD No NAFLD Grade 1 NAFLD Grade 2 NAFLD
Characteristics (n=7796763) (n=5014234) (n=1546035) (n=730731) (n=198322) (n=172257) (n=135184)
Age, years 4594+13.74 44.35+13.81 48.16+13.07 45.30+12.15 57.08+12.57 56.91+11.46 52.68+11.75
20-29 1053565 (13.51) 877157 (17.49) 110632 (7.16) 57090 (7.81) 4779 (2.41) 1603 (0.93) 2304 (1.70)
30-39 1589009 (20.38) 1016399 (20.27) 327512(21.18) 206776 (28.30) 12057 (6.08) 9,949 (5.78) 16316 (12.07)
40-49 2128010 (27.29) 1400149 (27.92) 411094 (26.59) 212256 (29.05) 35860 (18.08) 33142 (19.24) 35509 (26.27)
50-59 1611415 (20.67) 948858 (18.92) 363885 (23.54) 148967 (20.39) 55643 (28.06) 52903 (30.71) 41159 (30.45)
60-69 943502 (12.10) 504806 (10.07) 230581 (14.91) 76686 (10.49) 55110 (27.79) 48593 (28.21) 27726 (20.51)
70-79 411689 (5.28) 228679 (4.56) 92087 (5.96) 26612 (3.64) 29840 (15.05) 23330 (13.54) 11141 (8.24)
>80 59573 (0.76) 38186 (0.76) 10244 (0.66) 2344 (0.32) 5033 (2.54) 2737 (1.59) 1029 (0.76)
Male 4058470 (52.05) 2040555 (40.7) 1102651 (71.32) 611600 (83.70) 95510 (48.16) 106579 (61.87) 101575 (75.14)
Body mass index 23.57+3.21 22.17+2.41 25.54%2.23 27.99+3.03 22.73+2.29 25.37+2.27 27.95+3.22
<18.5 309619 (3.97) 300951 (6) 1379 (0.09) 235 (0.03) 6675 (3.37) 297 (0.17) 82 (0.06)
18.5-22.9 3169779 (40.66) 2855099 (56.94) 169574 (10.97) 18544 (2.54) 99245 (50.04) 22608 (13.12) 4709 (3.48)
23.0-24.9 1902839 (24.41) 1235636 (24.64) 460369 (29.78) 78245 (10.71) 60212 (30.36) 52296 (30.36) 16081 (11.90)
25.0-29.9 2156883 (27.66) 616277 (12.29) 863366 (55.84) 470029 (64.32) 31927 (16.10) 92125 (53.48) 83159 (61.52)
>30.0 257 643 (3.30) 6271 (0.13) 51347 (3.32) 163678 (22.40) 263 (0.13) 4931 (2.86) 31153 (23.04)
Waist circumference,  79.54%9.03 75.26x6.96 85.75¢5.32 91.98+6.77 78.78£6.23 86.21+5.55 92.72+7.21

cm

Smoking status

Never

4861868 (62.36)

3546339 (70.73)

756908 (48.96)

269372 (36.86)

132366 (66.74) 96 803 (56.20) 60080 (44.44)

Former 1026023 (13.16) 505882 (10.09) 288054 (18.63) 144674 (19.80) 28047 (14.14) 32073 (18.62) 27293 (20.19)

Current 1908872 (24.48) 962013 (19.19) 501073 (32.41) 316685 (43.34) 37909 (19.11) 43381 (25.18) 47811 (35.37)
Mild drinker 3580521 (45.92) 2078837 (41.46) 823292 (53.25) 469766 (64.29) 63128 (31.83) 71133 (41.29) 74365 (55.01)
Regular exercise 1375132 (17.64) 860257 (17.16) 283495 (18.34) 121718 (16.66) 46744 (23.57) 37614 (21.84) 25304 (18.72)
Low income 1718725(22.04) 1173477 (23.40) 296780 (19.20) 133560 (18.28) 46553 (23.47) 38600 (22.41) 29755 (22.01)
Hypertension 1784001 (22.88) 758171 (15.12) 475757 (30.77) 278841 (38.16) 90076 (45.42) 97 989 (56.89) 83167 (61.52)
Dyslipidemia 1210841 (15.53) 501756 (10.01) 322357 (20.85) 205089 (28.07) 59870 (30.19) 64169 (37.25) 57600 (42.61)
Diabetes duration 135466 (1.74) — — — 63475 (32.01) 46863 (27.21) 25128 (18.59)
25 years
Insulin use 150559 (1.93) = = = 64282 (32.41) 52700 (30.59) 33577 (24.84)
Oral antidiabetic 274454 (3.52) = = = 115353 (58.16) 96631 (56.10) 62470 (46.21)
drugs

Metformin 267070 (3.43) = = = 111494 (56.22) 94322 (54.76) 61254 (45.31)

Sulfonylurea

257015 (3.30)

106 433 (53.67) 90990 (52.82) 59592 (44.08)

thelbmj | BMJ2024;384:e076388 | doi: 10.1136/bmj-2023-076388
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Table 1 | Continued

Total
(n=7796763)

121631 (1.56)

Characteristics
a-glucosidase

Without type 2 diabetes mellitus

With type 2 diabetes mellitus

No NAFLD
(n=5014234)

Grade 1 NAFLD
(n=1546035)

Grade 2 NAFLD
(n=730731)

No NAFLD
(n=198322)

53417 (26.93)

Grade 1 NAFLD
(n=172257)

42013 (24.39)

Grade 2 NAFLD
(n=135184)

26201 (19.38)

inhibitor

Dipeptidyl 218008 (2.80) = = = 89410 (45.08) 77361 (44.91) 51237 (37.90)

peptidase 4

inhibitor

Thiazolidinedione ~ 117003 (1.50) — — — 49315 (24.87) 40485 (23.50) 27203 (20.12)

Meglitinide 36133 (0.46) = = = 16843 (8.49) 12121 (7.04) 7,169 (5.30)
No of oral 237501 (3.05) = = — 98082 (49.46) 84010 (48.77) 55409 (40.99)

antidiabetic drugs =3

Systolic blood 121.63+14.84

pressure, mm Hg

118.49+14.06

125.85+14.08

129.22+14.31

125.79+15.61

129.56+15.32

132.33+15.56

Diastolic blood 75.88+9.97

pressure, mm Hg

73.90+9.48

78.66%9.52

81.35£9.95

76.759.83

79.54+9.85

82.24+10.27

AST, IU/L 22.78 (22.77 to 21.06 (21.05 to 24.88 (24.87 to 30.06 (30.03 to 21.91(21.88to 25.09 (25.05 to 31.77 (31.69 to
22.78) 21.06) 24.89) 30.09) 21.94) 25.14) 31.85)

ALT, IU/L 20.55 (20.55 to 17.03 (17.03 to 26.22 (26.20 to 37.65 (37.60 to 19.98 (19.94 to 26.82 (26.76 to 37.95(37.84 to
20.56) 17.04) 26.24) 37.70) 20.02) 26.89) 38.07)

GGT, IU/L 24.34(24.33 to 18.26 (18.25 to 35.32(35.29t0 62.27 (62.17 to 21.36 (21.32to 36.28 (36.18 to 67.37 (67.11to0
24.35) 18.27) 35.35) 62.37) 21.41) 36.38) 67.63)

Fasting plasma 95.73+£21.36 90.76+10.85 94.55+11.69 96.56+12.28 142.83+46.90 147.03+47.05 154.89+49.86

glucose, mg/dL

Total cholesterol, 195.13+36.47

mg/dL

189.00£34.18

204.81£35.96

213.33£37.96

191.02+38.80

201.32+40.64

211.58+43.24

Triglyceride, mg/dL

109.12 (109.08 to

85.51 (85.47 to

154.19 (154.09 to

226.16 (225.91 to

100.87 (100.67 to

159.2 (158.87 to

239.78 (239.13 to

109.17) 85.54) 154.29) 226.41) 101.07) 159.53) 240.43)
HDL cholesterol, 56.25+27.82 58.84+26.02 52.27+31.17 49.53+29.69 55.48+27.95 51.45+28.48 49.33+26.67
mg/dL
LDL cholesterol, 114.41+38.25 112.28+35.98 120.93+40.03 115.61+44.38 114.57+39.18 116.38+42.22 109.59+46.92
mg/dL
eGFR, mL/min/ 88.35+22.66 89.99+22.21 85.76+21.82 86.77+22.00 82.37+20.91 81.33+£20.70 83.52+£21.19
1.73m?

Data are presented as mean+standard deviation or geometric mean (95% confidence interval), or number (%). No NAFLD: fatty liver index<30; grade 1 NAFLD: 30sfatty liver index<60; grade 2

NAFLD: fatty liver index=60.

AlLT=alanine aminotransferase; AST=aspartate aminotransferase; eGFR=estimated glomerular filtration rate; GGT=y-glutamyl transferase; HDL=high density lipoprotein; LDL=low density
lipoprotein; NAFLD=non-alcoholic fatty liver disease.

those without T2DM (grade 1 NAFLD: 21.20%; grade

2 NAFLD: 10.02%).

During a median follow-up of 8.13 years, 34255
people (6.77%) had cardiovascular disease and there
were 42372 deaths (8.38%) in patients with T2DM,

whereas 163 657 people (2.24%) had cardiovascular

disease and there were 197645 deaths (2.71%)

in those without T2DM (table 2). Incidence rates
for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death increased in

Table 2 | Risk of cardiovascular disease and all cause death according to non-alcoholic fatty liver disease

Hazard ratio (95% Cl)

Incidence Five year absolute  Risk difference

Disease and death by NAFLD Number Event Person years rate* Unadjusted Adjustedt risk (95% Cl) (95% CI)

Cardiovascular disease without T2DM

No NAFLD 5014234 92960 412149511 2.26 1 (reference) 1 (reference)  1.03 (1.02to 1.04) 1 (reference)

Grade 1 NAFLD 1546035 48244 126120225 3.83 170 (1.68t0  1.23(1.22to  1.23(1.22t01.25) 0.21(0.19t0 0.22)
1.72) 1.25)

Grade 2 NAFLD 730731 22453 5951160.3 3.77 1.68(1.65t0 1.44(1.42to 1.42(1.40to 1.45) 0.40(0.37 t0 0.42)
1.70) 1.47)

Cardiovascular disease with T2DM

No NAFLD 198322 12899 1558526.3 8.28 1 (reference) 1 (reference)  3.34(3.27to 3.41) 1 (reference)

Grade 1 NAFLD 172257 12456 1355111.2 9.19 1.11(1.08t0 1.10(1.07to 3.94 (3.87t04.02) 0.61(0.51t00.70)
1.14) 1.13)

Grade 2 NAFLD 135184 8900 1066899.4 8.34 1.01(0.98to 1.25(1.22t0  4.66 (4.54t04.78) 1.32 (1.17 to 1.47)
1.04) 1.29)

Myocardial infarction without T2DM

No NAFLD 5014234 40913 41385047.1 0.99 1 (reference) 1 (reference)  0.40 (0.40t00.41) 1 (reference)

Grade 1 NAFLD 1546035 22073 12701919.7 1.74 1.76 (1.73to  1.27 (1.24to 0.50 (0.49t00.51) 0.10 (0.09t0 0.11)
1.79) 1.29)

Grade 2 NAFLD 730731 11075 5990134.5 1.85 1.88(1.84to 1.52(1.48to 0.60(0.58t00.61) 0.19 (0.18t00.21)
1.92) 1.57)

(Continued)

doi: 10.1136/bm;j-2023-076388 | BMJ 2024;384:e076388 | thebmj

1ybuAdoo

Aq pe1oaiold “Ausianiun BueAueH qi [ealpai SINY ¥e 1202 Aeln 2 Uo /oo g mmwy/:diny woly papeojumod 20z Areniged €T U0 88£9/0-6202-IWa/9ETT 0T St paysiiand 1s1y NG


http://www.bmj.com/

RESEARCH

Table 2 | Continued

Hazard ratio (95% Cl)

Incidence Five year absolute  Risk difference

Disease and death by NAFLD Number Event Person years rate* Unadjusted Adjustedt risk (95% Cl) (95% CI)

Myocardial infarction with T2DM

No NAFLD 198322 5397 1583174.8 3.41 1 (reference) 1 (reference)  1.29 (1.24to 1.33) 1 (reference)

Grade 1 NAFLD 172257 5236 1379825.8 3.79 1.11(1.07to  1.07 (1.03to 1.49(1.44t01.53) 0.20(0.14t0 0.26)
1.16) 1.12)

Grade 2 NAFLD 135184 3840 1084 404.2 3.54 1.04 (1.00to 1.20(1.15to0 1.73(1.65t0 1.80) 0.44 (0.35t0 0.53)
1.09) 1.25)

Ischaemic stroke without T2DM

No NAFLD 5014234 55611 41323432.0 1.35 1 (reference) 1 (reference)  0.65 (0.64t0 0.66) 1 (reference)

Grade 1 NAFLD 1546035 28163 12675882.6 2.22 1.65(1.63t0 1.21(1.19t0 0.77(0.761t00.78) 0.12 (0.11t0 0.13)
1.68) 1.24)

Grade 2 NAFLD 730731 12242 5984307.2 2.05 152 (1.49t0 1.39(1.36to 0.87 (0.85t00.89) 0.22 (0.20t0 0.24)
1.55) 1.42)

Ischaemic stroke with T2DM

No NAFLD 198322 8283 1572058.3 5.27 1 (reference) 1 (reference)  2.18 (2.13to 2.24) 1 (reference)

Grade 1 NAFLD 172257 7937 1369675.0 5.79 1.10 (1.07to  1.12(1.08to 2.63(2.561t02.69) 0.44(0.361t00.52)
1.13) 1.15)

Grade 2 NAFLD 135184 5556 1077814.5 5.15 0.98(0.95t0 1.30(1.25to 3.16 (3.06t03.27) 0.98 (0.85 to 1.10)
1.01) 1.35)

All cause death without T2DM

No NAFLD 5014234 125920 41500456.8 3.03 1 (reference) 1 (reference) 1.25(1.24t0 1.26) 1 (reference)

Grade 1 NAFLD 1546035 49862 12769900.0 3.90 1.29(1.27to  1.22(1.21to 1.50 (1.48to 1.51) 0.25 (0.23 t0 0.26)
1.30) 1.24)

Grade 2 NAFLD 730731 21863 6025139.8 3.63 1.20(1.18to0 1.75(1.72to 2.09(2.06t02.12) 0.84(0.81t00.87)
1.22) 1.78)

All cause death with T2DM

No NAFLD 198322 18597 1598077.3 11.64 1 (reference) 1 (reference)  3.68 (3.611t03.74) 1 (reference)

Grade 1 NAFLD 172257 14155 13,95864.0 10.14 0.87 (0.85t0 1.14(1.12to  4.25 (4.18t0 4.33) 0.58 (0.49 t0 0.67)
0.89) 1.17)

Grade 2 NAFLD 135184 9620 1096381.8 8.77 0.76 (0.74t0  1.61(1.57to 5.91(5.78t06.05) 2.24 (2.08 to 2.39)
0.77) 1.65)

No NAFLD: fatty liver index<30; grade 1 NAFLD: 30<fatty liver index<60; grade 2 NAFLD: fatty liver index=60.
95% Cl=95% confidence interval; NAFLD=non-alcoholic fatty liver disease; T2DM=type 2 diabetes mellitus.

*Incidence per 1000 person years.

tAdjusted for age, sex, smoking status, alcohol consumption, physical activity, low income, hypertension, dyslipidemia, body mass index, diabetes mellitus, and estimated glomerular

filtration rate.

the order of no NAFLD, grade 1 NAFLD, and grade 2
NAFLD, and the incidence rates in patients with T2DM
were higher than those in patients without T2DM
(table 2, supplementary table S3). The hazard ratios
for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death were higher in the
order of grade 1 NAFLD and grade 2 NAFLD compared
with those in the no NAFLD group in patients with and
without T2DM. Furthermore, the five year absolute
risk for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death increased in
the order of no NAFLD, grade 1 NAFLD, and grade
2 NAFLD in patients without and with T2DM. In
particular, patients with T2DM without NAFLD had
a higher five year absolute risk for cardiovascular
disease, myocardial infarction, ischaemic stroke, and
all cause death than patients without T2DM with
grade 2 NAFLD. Risk differences for cardiovascular
disease, myocardial infarction, ischaemic stroke,
and all cause death between no NAFLD and grade 2
NAFLD were higher than those between no NAFLD
and grade 1 NAFLD. Additionally, risk differences
for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death between no
NAFLD and grade 1 or grade 2 NAFLD were higher in
patients with T2DM than in those without T2DM.

thelbmj | BMJ2024;384:e076388 | doi: 10.1136/bmj-2023-076388

Kaplan-Meier survival curves showed that NAFLD
was associated with a higher risk of cardiovascular
disease (fig 1), myocardial infarction (fig 2), ischaemic
stroke (fig 3), and all cause death (fig 4) in patients
with and without T2DM (all P<0.001). Patients with
grade 2 NAFLD had the highest risk of cardiovascular
disease, myocardial infarction, ischaemic stroke, and
all cause death, followed by those with grade 1 NAFLD.

The incidence rate of cardiovascular disease,
myocardial infarction, ischaemic stroke, and all cause
death increased in the order of no NAFLD, grade 1
NAFLD, and grade 2 NAFLD across all age groups,
and increased with age (table 3). These rates were also
higher in patients with T2DM than in those without
T2DM. In the 20-29 year age group, the incidence
rate of cardiovascular disease for patients with T2DM
and no NAFLD was 0.40 per 1000 person years, but
the rate was 23.25 per 1000 person years in the =70
year age group for patients with T2DM and grade 2
NAFLD. The hazard ratios for cardiovascular disease,
myocardial infarction, ischaemic stroke, and all cause
death were higher in the order of grade 1 NAFLD and
grade 2 NAFLD compared with the hazard ratios for the
no NAFLD group in all age groups.

The five year absolute risk for cardiovascular disease,
myocardial infarction, ischaemic stroke, and all cause
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Fig 1 | Kaplan-Meier survival curve for cardiovascular disease according to the presence
of non-alcoholic fatty liver disease (NAFLD) in patients with and without type 2 diabetes
mellitus after adjusting for age, sex, smoking status, alcohol consumption, physical
activity, low income, hypertension, dyslipidemia, body mass index, diabetes mellitus, and
estimated glomerular filtration rate (all P<0.001). Numbers at risk presented below graphs

death increased in the order of no NAFLD, grade 1
NAFLD, and grade 2 NAFLD across all age groups,
and increased with age. The risk was also higher in
patients with T2DM than in those without T2DM. Risk
differences for cardiovascular disease, myocardial
infarction, ischaemic stroke, and all cause death
between no NAFLD and grade 2 NAFLD were higher
than those between no NAFLD and grade 1 NAFLD in
all age groups, and increased with age. Risk differences
for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death between no
NAFLD and grade 1 or grade 2 NAFLD were higher in
patients with T2DM in all age groups compared with
those without T2DM.

Subgroup analysis was performed for the
following categories: sex, smoking status, abdominal
obesity, aspartate aminotransferase or alanine

aminotransferase, income, alcohol consumption,
regular exercise, obesity, hypertension, dyslipidemia,
chronic kidney disease, or y-glutamyl transferase
(supplementary figure S2). Across all subsets of patients
with and without T2DM, NAFLD was associated with a
higher risk of cardiovascular disease (supplementary
figure S2A and S2B), myocardial infarction
(supplementary figure S2C and S2D), ischaemic stroke
(supplementary figure S2E and 2F), and all cause death
(supplementary figure S2G and S2H). Hazard ratios
for cardiovascular disease, myocardial infarction,
ischaemic stroke, and all cause death for the grade 2
NAFLD group were mostly higher than those for the
grade 1 NAFLD group, although the risks in both groups
were higher than those for patients without NAFLD.
Collinearity analysis showed no collinearity among the
variables (supplementary table S4).

Discussion

This nationwide, population based, longitudinal cohort
study showed that NAFLD in patients with T2DM was
associated with a higher risk of cardiovascular disease
and all cause death. The risk of cardiovascular disease
and all cause death in patients with T2DM appears to
be increased even in those with grade 1 NAFLD, which
is a relatively mild degree of fatty liver. The grade
2 NAFLD group had a higher risk of cardiovascular
disease and all cause death than patients in the no
NAFLD group and those in the grade 1 NAFLD group.
The five year absolute risk for cardiovascular disease
and all cause death increased in the order of no
NAFLD, grade 1 NAFLD, and grade 2 NAFLD in patients
without and with T2DM, but it was higher in those with
T2DM than in those without T2DM. Risk differences for
cardiovascular disease and all cause death between
no NAFLD and grade 2 NAFLD were higher than those
between no NAFLD and grade 1 NAFLD, and they
were also higher in patients with T2DM than in those
without T2DM. This large study used real world data
obtained from a national database to examine the risk
of NAFLD for cardiovascular disease and all cause
death in patients with T2DM.

Comparison with other studies

NAFLD is an underappreciated risk factor for
atherosclerotic cardiovascular disease.”> ** In a
matched cohort study that enrolled 120795 adults
with NAFLD or non-alcoholic hepatic steatosis, the
diagnosis of NAFLD did not appear to be associated
with acute myocardial infarction or stroke risk after
adjusting for established cardiovascular risk factors
including T2DM.?> However, a systematic review
and meta-analysis of 26 observational studies with
85 395 participants showed that patients with NAFLD
had a higher risk of subclinical atherosclerosis than
those in the non-NAFLD group (odds ratio 1.60,
95% confidence interval 1.45 to 1.78).2° Another
meta-analysis of 16 observational studies including
34043 participants and a median follow-up of
6.9 years showed that NAFLD is associated with
increased odds of fatal or non-fatal cardiovascular

doi: 10.1136/bm;j-2023-076388 | BMJ 2024;384:e076388 | thebmj
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Fig 2 | Kaplan-Meier survival curve for myocardial infarction according to the presence

of non-alcoholic fatty liver disease (NAFLD) in patients with and without type 2 diabetes
mellitus after adjusting for age, sex, smoking status, alcohol consumption, physical
activity, low income, hypertension, dyslipidemia, body mass index, diabetes mellitus, and
estimated glomerular filtration rate (all P<0.001). Numbers at risk presented below graphs

disease events (random effects odds ratio 1.64, 95%
confidence interval 1.26 to 2.13).” Additionally,
NAFLD has been associated with an increased long
term risk of fatal or non-fatal cardiovascular disease
events in a meta-analysis of 36 longitudinal studies
with aggregate data on 5802226 middle aged
participants.?

Because T2DM is a well known risk factor for
cardiovascular disease, patients with T2DM and NAFLD
might be at greater risk of cardiovascular disease than
those without these diseases. However, few studies
have focused on people with T2DM, and the results are
inconsistent. One study of 300 outpatients with T2DM
from a tertiary care teaching hospital in India found
no correlation between NAFLD and cardiovascular
disease.'! In contrast, a prospective case-control study
of 2103 patients with T2DM without cardiovascular

thelbmj | BMJ2024;384:e076388 | doi: 10.1136/bmj-2023-076388

disease found that NAFLD was associated with an
increased risk of cardiovascular disease during a five
year follow-up after adjusting for other cardiovascular
risk factors.”® Another retrospective cohort study of
134368 patients with T2DM from diabetes registry
in Scotland found that patients with NAFLD had
increased risk of cardiovascular disease and mortality
compared with those without NAFLD during 4.5 years
of follow-up.** In our study, we evaluated more than
7.7 million people including half a million patients
with T2DM for a median of 8.13 years of follow-up. We
were able to show an association between NAFLD and
cardiovascular disease or all cause death in patients
with T2DM.

Most studies that have investigated NAFLD and
cardiovascular disease in patients with T2DM have
evaluated hepatic steatosis using ultrasonography.
Although it is a non-invasive and widely used
procedure, ultrasonography is limited by substantial
intraobserver and interobserver variability, can be
unreliable with mild degrees of steatosis, and is
not suitable for large scale population studies.’®
We used the fatty liver index instead of ultrasound,
which is a simple and accurate surrogate marker of
hepatic steatosis that has been validated in many
studies.’? 2% 3° Therefore, we were able to evaluate
the association between NAFLD and cardiovascular
disease in a large nationwide population of more
than 7.7 million people. In Western populations,
fatty liver index=60 accurately identified the
presence of hepatic steatosis.’> When this cut-off
value was applied to an Asian population, although
the accuracy was similar (area under the curve 0.87),
the Youden index decreased to 23-27%.>' A study
has reported that the optimal cut-off value of the fatty
liver index to detect fatty liver with ultrasonography
has been validated at =30 in the general population
of Korea, with an area under the receiver operating
characteristic curve of 0.82 (95% confidence interval
0.81 to 0.84).>? In middle aged to elderly Chinese
participants, the cut-off value of fatty liver index=30
has presented a maximum Youden’s index of 0.51
and achieved a high sensitivity of 79.9% and a
specificity of 71.5%.3°

The grade 1 NAFLD group had been associated with
a higher risk of ischaemic stroke than the no NAFLD
group in those with new onset T2DM.* Similarly,
another study found that grade 1 and grade 2 fatty liver
groups had higher risks of hepatocellular carcinoma
and mortality than the no fatty liver group in those
with chronic viral hepatitis.>* In this study, the risk of
cardiovascular disease and all cause death in patients
with T2DM appears to be higher in those with grade 1
NAFLD, which is a relatively mild degree of fatty liver.
This result shows that even mild NAFLD, which might
not be detected by ultrasound, in patients with T2DM
was associated with a higher risk of cardiovascular
disease and all cause death. These findings suggest
that mild NAFLD should be evaluated and managed to
reduce the risk of cardiovascular disease or all cause
death in patients with T2DM.
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Fig 3 | Kaplan-Meier survival curve for ischaemic stroke according to the presence of non-
alcoholic fatty liver disease (NAFLD) in patients with and without type 2 diabetes mellitus
after adjusting for age, sex, smoking status, alcohol consumption, physical activity, low
income, hypertension, dyslipidemia, body mass index, diabetes mellitus, and estimated
glomerular filtration rate (all P<0.001). Numbers at risk presented below graphs

According to a previous study, the prevalence of
fatty liver disease was highest in young patients (20-39
years) with T2DM compared with middle aged or older
T2DM groups; there was also a steep increase in fatty
liver disease in young patients with T2DM from 2009 to
2017.2 Another study in a general population of people
aged 20-39 years showed that NAFLD was associated
with a higher risk of myocardial infarction (hazard
ratio 1.69, 95% confidence interval 1.61 to 1.77).>° A
study of the Swedish National Diabetes Registry found
that patients with T2DM detected at <40 years had an
increased risk of myocardial infarction (hazard ratio
3.41, 95% confidence interval 2.88 to 4.04) compared
with those without T2DM.*® However, studies
evaluating the risk of cardiovascular disease in young
patients with T2DM and NAFLD have been lacking. In
this study, although the incidence rate and absolute
risk for cardiovascular disease in younger patients with

T2DM were not higher than those for older age groups,
the five year absolute risk for cardiovascular disease
was higher in young patients with T2DM and grade
1 or grade 2 NAFLD than in those without NAFLD.
Considering the recent increase in young patients with
T2DM and NAFLD, preventative measures are needed
to reduce the risk of cardiovascular disease.

Potential mechanisms for development of
cardiovascular disease in patients with T2DM

and NAFLD

The mechanisms linking NAFLD with cardiovascular
disease in patients with T2DM are not clear. However,
there are several potential pathophysiological
pathways. NAFLD and T2DM create systemic, low
grade inflammatory states that might promote
atherosclerosis by secreting multiple cytokines and
acute phase proteins.’’ Additionally, NAFLD and
T2DM are proatherogenic conditions that result from
increased levels of very low density lipoproteins and
small, dense particles of low density lipoprotein
cholesterol.®  Prothrombotic  conditions caused
by increased platelet reactivity, higher levels of
procoagulant drugs, and lower concentrations of
endogenous anticoagulants might influence the
development of cardiovascular disease in patients
with T2DM and NAFLD.** NAFLD has a deleterious
effect on glycaemic control in patients with T2DM;
hyperglycaemia could account for the increased risk
of cardiovascular disease in patients with T2DM and
NAFLD.* Finally, because patients with T2DM and
NAFLD tend to have a less healthy lifestyle, they are
susceptible to unfavourable metabolic profiles that
increase the risk of cardiovascular disease.

Limitations of this study

There are several limitations that should be considered.
NAFLD was defined by the fatty liver index because
liver biopsy or ultrasonography are not suitable for
large scale epidemiologic studies. However, this index
is a well known, non-invasive biomarker for predicting
hepatic steatosis and has been validated in the Korean
population*’ and worldwide.”> We were unable to
analyse haemoglobin A, variability or changes in
diabetes drugs during the follow-up period owing to
database limitations.

Although the results of this study might not be
generalisable to other ethnicities because of the Korean
study population, we believe that the findings are
important for Asians who have similar eating habits and
body composition to Koreans. However, generalising
the results of this study to Western populations with
different eating habits, body composition, and genetic
factors might require caution. Finally, we could not
evaluate hepatic fibrosis, which might influence the
risk of cardiovascular disease in patients with T2DM
and NAFLD. Overall, however, our study findings are
valuable because they show the association between
NAFLD and cardiovascular disease risk in patients
with T2DM.

doi: 10.1136/bm;j-2023-076388 | BMJ 2024;384:e076388 | thebmj
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Fig 4 | Kaplan-Meier survival curve for all cause death according to the presence of non-
alcoholic fatty liver disease (NAFLD) in patients with and without type 2 diabetes mellitus
after adjusting for age, sex, smoking status, alcohol consumption, physical activity, low
income, hypertension, dyslipidemia, body mass index, diabetes mellitus, and estimated
glomerular filtration rate (all P<0.001). Numbers at risk presented below graphs

Conclusions

NAFLD in patients with T2DM seems to be associated
with a higher risk of cardiovascular disease and all
cause death even in patients with mild NAFLD. Risk
differences for cardiovascular disease and all cause
death between no NAFLD and grade 1 or grade 2
NAFLD were higher in patients with T2DM than in
those without T2DM. This study suggests that NAFLD
screening and prevention are required to reduce the
risk of cardiovascular disease and all cause death in
patients with T2DM.
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Table 3 | Risk of cardiovascular disease and all cause death according to non-alcoholic fatty liver disease stratified by age

Without type 2 diabetes mellitus

With type 2 diabetes mellitus

Disease and Incidence Hazard ratiot Five year absolute  Risk difference Incidence Hazard ratiot Five year absolute  Risk difference
death by age rate* (95% Cl) risk (95% Cl) (95% Cl) rate* (95% CI) risk (95% Cl) (95% Cl)
Cardiovascular disease
20-29 years

No NAFLD 0.26 1 (reference) 0.09 (0.08t0 0.09) 1 (reference) 0.40 1 (reference) 0.11(0.03t00.19) 1 (reference)

Grade 1 NAFLD 0.41 1.27 (1.14t0 1.42) 0.09 (0.081t00.11) 0.01(-0.01t00.02) 0.60 1.63(0.70t03.82) 0.15(0.03t00.27) 0.04 (-0.09t0 0.17)

Grade 2 NAFLD  0.76 2.18(1.94t02.44) 0.13(0.11t00.15) 0.04 (0.02 to 0.06) 1.21 3.53(1.861t06.68) 0.24(0.05t00.43) 0.13(-0.07 to 0.34)
30-39 years

No NAFLD 0.47 1 (reference) 0.18 (0.17t00.19) 1 (reference) 1.10 1 (reference) 0.56 (0.43t00.70) 1 (reference)

Grade 1 NAFLD  0.80 1.42 (1.35t0 1.50) 0.23(0.21t00.24) 0.05 (0.03 to 0.06) 1.60 1.50(1.161t0 1.94) 0.65(0.53t00.78) 0.09 (-0.07 to 0.25)

Grade 2 NAFLD  1.30 2.12(2.01t02.24) 0.28(0.26t00.30) 0.10(0.08t00.12) 2.57 2.57 (2.071t03.20) 0.82(0.70t00.95) 0.26 (0.07 to 0.45)
40-49 years

No NAFLD 1.17 1 (reference) 0.49 (0.48t0 0.50) 1 (reference) 3.02 1 (reference) 1.36 (1.25t0 1.48) 1 (reference)

Grade 1 NAFLD  2.12 1.45(1.40t0 1.49) 0.64(0.62t00.65) 0.14(0.12t00.16) 3.87 1.26 (1.15t01.38) 1.58 (1.47t01.69) 0.22 (0.08t0 0.36)

Grade 2 NAFLD  2.72 1.67 (1.61t01.73) 0.65(0.63t00.68) 0.16(0.13t00.19) 4.45 1.48(1.35t01.62) 1.72(1.59t01.85) 0.35(0.17 to 0.54)
50-59 years

No NAFLD 2.49 1 (reference) 1.10(1.08t0 1.12) 1 (reference) 5.30 1 (reference) 2.35(2.23t02.47) 1 (reference)

Grade 1 NAFLD  3.93 1.35(1.32t01.38) 1.35(1.32t01.38) 0.25(0.22t00.29) 6.31 1.20(1.13t01.27) 2.70(2.58t02.82) 0.35(0.20t0 0.50)

Grade 2 NAFLD  4.81 1.49 (1.45t01.54) 1.41(1.36t01.46) 0.31(0.26t00.36) 7.34 1.44(1.35t01.53) 3.13(2.97t03.29) 0.78(0.57 t0 0.99)
60-69 years

No NAFLD 5.89 1 (reference) 2.47 2.43t02.51) 1 (reference) 10.20 1 (reference) 4.16 (4.01t04.31) 1 (reference)

Grade 1 NAFLD 7.63 1.18(1.16t0 1.21) 2.97 (2.91t03.03) 0.50(0.43t00.57) 11.73 1.20(1.15t0 1.25) 5.06 (4.89t05.23) 0.90(0.69t0 1.11)

Grade 2 NAFLD  9.02 1.31(1.27t01.35) 3.33(3.22t03.44) 0.86(0.74t00.98) 13.10 1.40(1.33t01.48) 6.00(5.72t06.28) 1.84 (1.521t02.16)
>70 years

No NAFLD 14.12 1 (reference) 6.32 (6.23t06.41) 1 (reference) 19.84 1 (reference) 8.58 (8.291t08.86) 1 (reference)

Grade 1 NAFLD 15.76 1.03(1.00t0 1.05) 7.27 (7.13t07.42) 0.95(0.79t0 1.12) 21.59 1.15(1.10t01.20) 10.0(9.66t0 10.3) 1.42 (1.00to 1.84)

Grade 2 NAFLD  17.25 1.07 (1.03t0 1.11) 8.15(7.861t08.44) 1.83(1.531t02.14) 23.25 133(1.25t01.41) 11.6(11.0t012.2) 3.03(2.36t03.71)
Myocardial infarction
20-29 years

No NAFLD 0.16 1 (reference) 0.05 (0.05t0 0.06) 1 (reference) 0.33 1 (reference) 0.11 (0.01t00.21) 1 (reference)

Grade 1 NAFLD 0.27 1.24(1.08t0 1.43) 0.05(0.05t00.06) 0.00(-0.01t00.01) 0.15 0.49(0.11t02.15) 0.04 (0.00t00.09) -0.07 (-0.18t0 0.03)

Grade 2 NAFLD  0.46 1.99(1.72t02.30) 0.07 (0.06t00.09) 0.02 (0.01 to 0.04) 0.53 1.75(0.77 t0 4.00) 0.10 (0.00t0 0.21) -0.01 (-0.16 t0 0.14)
30-39 years

No NAFLD 0.27 1 (reference) 0.09 (0.09t00.10) 1 (reference) 0.65 1 (reference) 0.29 (0.20t00.37) 1 (reference)

Grade 1 NAFLD  0.49 1.51(1.41t01.61) 0.13(0.12t00.14) 0.03 (0.02t0 0.04) 0.98 1.49(1.071t02.07) 0.37(0.27t00.46) 0.08 (-0.031t00.19)

Grade 2 NAFLD  0.82 2.28(2.12t02.44) 0.17 (0.15t00.18) 0.07 (0.06 to 0.09) 1.65 2.62(1.981t03.47) 0.54(0.43t00.65) 0.26(0.111t00.40)
40-49 years

No NAFLD 0.61 1 (reference) 0.24(0.23t00.25) 1 (reference) 1.51 1 (reference) 0.73(0.64100.82) 1 (reference)

Grade 1 NAFLD 1.17 1.48 (1.42t01.54) 0.31(0.30t00.33) 0.07 (0.06 t0 0.09) 1.93 1.23(1.081t0 1.40) 0.76(0.69t00.84) 0.03 (-0.07 t0 0.14)

Grade 2 NAFLD  1.59 1.78(1.70t01.87) 0.34(0.32t00.36) 0.10(0.08t00.12) 2.29 1.47 (1.29t01.67) 0.79(0.71t00.87) 0.06 (-0.07 t0 0.19)
50-59 years

No NAFLD 1.17 1 (reference) 0.48 (0.46t00.49) 1 (reference) 2.34 1 (reference) 0.98 (0.90t0 1.06) 1 (reference)

Grade 1 NAFLD  1.95 1.41(1.36t01.46) 0.60(0.581t00.62) 0.12(0.10t00.15) 2.98 1.27(1.17t01.38) 1.19(1.11t0 1.26) 0.21(0.11t00.30)

Grade 2 NAFLD  2.39 1.55(1.48t01.62) 0.62(0.59t00.65) 0.14(0.11t00.17) 3.29 1.43(1.30t01.57) 1.29(1.19t01.39) 0.31(0.18t0 0.44)
60-69 years

No NAFLD 2.38 1 (reference) 0.92(0.90t00.95) 1 (reference) 4.07 1 (reference) 1.54 (1.45t0 1.63) 1 (reference)

Grade 1 NAFLD  3.11 1.18(1.14t01.22) 1.11(1.07to 1.14) 0.18(0.15t00.22) 4.56 1.15(1.08t01.23) 1.78(1.68t0 1.88) 0.24 (0.12t0 0.36)

Grade 2 NAFLD  3.72 1.32(1.25t01.38) 1.25(1.19t0 1.31) 0.33(0.26t00.39) 5.15 1.35(1.25t01.47) 2.09(1.94t02.25) 0.55(0.37t0 0.74)
>70 years

No NAFLD 5.15 1 (reference) 2.08 (2.03t02.13) 1 (reference) 7.51 1 (reference) 2.95(2.78t03.11) 1 (reference)

Grade 1 NAFLD 5.84 1.01(0.98t01.05) 2.53 (2.441t02.62) 0.45(0.351t00.54) 7.88 1.08 (1.00t0 1.15) 3.40(3.20t0 3.60) 0.45 (0.21 t0 0.69)

Grade 2 NAFLD  6.31 1.04 (0.99t0 1.11) 2.95(2.771t03.12) 0.87 (0.681t0 1.05) 7.90 1.13(1.03t0 1.24) 3.79(3.45t04.13) 0.84(0.461t0 1.23)
Ischaemic stroke
20-29 years

No NAFLD 0.10 1 (reference) 0.04 (0.03t00.04) 1 (reference) 0.08 1 (reference) 0.02 (0.00t0 0.04) 1 (reference)

Grade 1 NAFLD  0.15 1.32(1.10t0 1.58)  0.04 (0.031t0 0.05) 0.00 (0.00t0 0.01) 0.45 6.77 (1.69 to 0.11(0.00t00.23) 0.10(-0.02t0 0.21)

27.05)
Grade 2 NAFLD  0.30 2.44(2.04t02.93) 0.06 (0.04t00.07) 0.02(0.01t00.04) 0.68 11.34 (3.23to 0.16 (0.00t0 0.35)  0.14 (-0.05t0 0.34)
39.80)

30-39 years

No NAFLD 0.21 1 (reference) 0.09 (0.08t00.10) 1 (reference) 0.48 1 (reference) 0.32(0.19t0 0.44) 1 (reference)

Grade 1 NAFLD 0.32 1.31(1.21t01.43) 0.10(0.09t00.11) 0.01 (0.00t0 0.02) 0.65 1.41(0.961t02.09) 0.30(0.20t00.39) -0.02 (-0.15t00.11)

Grade 2 NAFLD  0.50 1.92(1.77t02.09) 0.12(0.11t00.13) 0.03 (0.02 to 0.04) 1.00 2.38(1.71t03.32) 0.29(0.22t00.36) -0.03(-0.17t00.12)
40-49 years

No NAFLD 0.58 1 (reference) 0.26 (0.25t00.26) 1 (reference) 1.61 1 (reference) 0.67 (0.59t00.74) 1 (reference)

Grade 1 NAFLD  0.98 1.40(1.35t0 1.47) 0.33(0.32t00.34) 0.07 (0.06 to 0.09) 2.01 1.26 (1.11t01.43) 0.84(0.76t00.92) 0.18 (0.08 t0 0.28)

Grade 2 NAFLD  1.18 1.53(1.45t01.61) 0.32(0.30t00.34) 0.06 (0.04 to 0.09) 2.25 1.45(1.29t01.64) 0.96 (0.86t0 1.06) 0.29 (0.16 t0 0.43)
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Table 3 | Continued

Without type 2 diabetes mellitus

With type 2 diabetes mellitus

Disease and Incidence Hazard ratiot Five year absolute  Risk difference Incidence Hazard ratiot Five year absolute  Risk difference
death by age rate* (95% Cl) risk (95% Cl) (95% Cl) rate* (95% CI) risk (95% Cl) (95% Cl)
50-59 years
No NAFLD 1.37 1 (reference) 0.64(0.62t00.65) 1 (reference) 3.15 1 (reference) 1.43(1.34t01.52) 1 (reference)
Grade 1 NAFLD  2.07 1.31(1.27t01.35) 0.77 (0.75t00.79) 0.14(0.11t00.16) 3.53 1.15(1.06t01.23) 1.59(1.50t0 1.68) 0.16 (0.04 t0 0.28)
Grade 2 NAFLD  2.52 1.46 (1.39t0 1.52) 0.82(0.781t00.85) 0.18(0.14t00.22) 4.27 1.44(1.33t01.56) 1.95(1.82t02.08) 0.52(0.351t00.69)
60-69 years
No NAFLD 3.68 1 (reference) 1.60 (1.57to 1.64) 1 (reference) 6.62 1 (reference) 2.78 (2.661t02.91) 1 (reference)
Grade 1 NAFLD  4.74 1.19(1.16t01.22) 1.94(1.891t01.99) 0.33(0.281t00.39) 7.68 1.23(1.16t01.29) 3.49 (3.35t03.63) 0.71(0.53t0 0.88)
Grade 2 NAFLD  5.61 1.33(1.28t01.38) 2.19(2.10t02.28) 0.58 (0.491t0 0.68) 8.62 1.45(1.361t0 1.55) 4.22(3.98t04.46) 1.43(1.15t01.71)
>70 years
No NAFLD 9.56 1 (reference) 4.52 (4.45 t0 4.60) 1 (reference) 13.20 1 (reference) 6.07 (5.82t06.31) 1 (reference)
Grade 1 NAFLD 10.59 1.05(1.02t01.08) 5.11 (4.99105.24) 0.59 (0.45 t0 0.73) 14.64 1.20(1.13t01.26) 7.16 (6.86t07.45) 1.09 (0.72to 1.45)
Grade 2 NAFLD 11.71 1.11(1.06t01.16) 5.67 (5.42t05.91) 1.14(0.88to 1.40) 16.33 1.46 (1.36t01.56) 8.56(8.03t09.08) 2.49 (1.89 to 3.09)
All cause death
20-29 years
No NAFLD 0.33 1 (reference) 0.17 (0.16t00.18) 1 (reference) 0.60 1 (reference) 0.30(0.13t00.47) 1 (reference)
Grade 1 NAFLD  0.45 1.49(1.35t01.66) 0.17 (0.15t00.19) 0.00 (-0.02t00.02) 0.83 2.00(0.98104.08) 0.38 (0.14t00.63) 0.08 (-0.21t0 0.37)
Grade 2 NAFLD  0.62 274 (2.42t03.09) 0.22(0.19t00.26) 0.05 (0.02 to 0.09) 0.79 2.88(1.51t05.49) 0.36 (0.08t00.63) 0.05(-0.31t00.41)
30-39 years
No NAFLD 0.54 1 (reference) 0.25(0.24t00.26) 1 (reference) 1.17 1 (reference) 0.45(0.34100.55) 1 (reference)
Grade 1 NAFLD  0.65 1.35(1.27t01.42) 0.29(0.271t00.30) 0.03 (0.02 to 0.05) 1.22 1.32(1.01t01.73) 0.48(0.37t00.58) 0.03 (-0.10t0 0.16)
Grade 2 NAFLD  0.82 2.10(1.97t02.23) 0.36(0.33t00.39) 0.11 (0.08t0 0.14) 1.56 237 (1.89t02.98) 0.67 (0.53t00.80) 0.22 (0.041t00.41)
40-49 years
No NAFLD 0.97 1 (reference) 0.45 (0.44t00.46) 1 (reference) 2.38 1 (reference) 0.86 (0.781t00.95) 1 (reference)
Grade 1 NAFLD  1.43 1.43(1.38t01.48) 0.59(0.57t00.61) 0.15(0.12t00.17) 2.53 1.22(1.09t01.35) 1.10(1.01t0 1.19) 0.23(0.12t0 0.35)
Grade 2 NAFLD 1.77 1.98 (1.90t02.06) 0.75(0.71t00.78) 0.30(0.26t0 0.34) 3.18 1.85(1.681t02.05) 1.71(1.55t01.86) 0.84(0.661t01.02)
50-59 years
No NAFLD 2.11 1 (reference) 0.94(0.92t00.96) 1 (reference) 4.74 1 (reference) 1.80(1.71t0 1.90) 1 (reference)
Grade 1 NAFLD  2.85 1.40(1.37t0 1.44) 1.20(1.17t0 1.23) 0.26 (0.22t0 0.29) 4.84 1.19(1.12t01.26) 2.10(2.00t02.20) 0.30(0.17 t0 0.43)
Grade 2 NAFLD  3.99 2.12(2.05t02.19) 1.69(1.63t01.75) 0.75(0.681t00.81) 6.05 1.76 (1.65t0 1.88) 3.06 (2.89t03.24) 1.26 (1.06t0 1.46)
60-69 years
No NAFLD 6.71 1 (reference) 2.57 (2.53t02.61) 1 (reference) 11.38 1 (reference) 4.01(3.87 to 4.14) 1 (reference)
Grade 1 NAFLD 7.24 1.28(1.25t01.30) 3.17 (3.11t03.23) 0.60(0.53 t0 0.67) 11.20 1.21(1.16t01.27) 4.72 (4.561t04.88) 0.72(0.521t00.91)
Grade 2 NAFLD  9.37 1.83(1.77t01.88) 4.41 (4.27t0 4.54) 1.84(1.70t0 1.98) 13.36 1.73(1.65t01.82) 6.53(6.241t06.82) 2.52(2.20t0 2.84)
>70 years
No NAFLD 24.01 1 (reference) 10.5 (10.4t0 10.6) 1 (reference) 32.97 1 (reference) 13.2(12.9t013.5) 1 (reference)
Grade 1 NAFLD 21.76 1.09(1.07t0 1.11) 12.1(11.9t0123) 167 (1.47t01.87) 29.77 1.13(1.09t0 1.17) 147 (143t015.1) 1.55 (1.10t0 1.99)
Grade 2 NAFLD  24.77 1.40 (1.36t0 1.44) 15.8(15.4t016.2) 5.34 (4.93t05.75) 33.98 1.53 (1.47t01.60) 19.3(18.6t020.0) 6.15(5.39t06.91)

No NAFLD: fatty liver index<30; grade 1 NAFLD: 30<fatty liver index<60; grade 2 NAFLD: fatty liver index=60.
95% Cl=95% confidence interval; NAFLD=non-alcoholic fatty liver disease.
*Incidence per 1000 person years.

tAdjusted for age, sex, smoking status, alcohol consumption, physical activity, low income, hypertension, dyslipidemia, body mass i
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