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ABSTRACT

Objective Fatty liver disease (FLD), a global epidemic, is
also a predictor of cardiometabolic disease (CMD) (type

2 diabetes or cardiovascular disease). Our objective was
to examine whether progressive FLD, as assessed by
fatty liver index (FLI), predicts increasing future CMD risk
compared with relatively stable FLD, among middle-aged
men.

Design Prospective epidemiological study.

Setting University affiliated research centre in Kuopio,
Eastern Finland.

Participants Our subjects were 501 men without CMD
during the initial 4-year follow-up in the Kuopio Ischaemic
Heart Disease Risk Factor Study cohort.

Outcome measure Over the initial 4-year follow-up, 135
men (26.9%) had a significant (>10) FLI increase. The
association of 4-year FLI increase with incident CMD was
analysed in multivariable-adjusted Cox regression models,
adjusting for baseline constitutional and lifestyle factors
(model 1) and, in addition, metabolic and inflammation
biomarker factors (model 2).

Results During a mean follow-up of 15 years, 301 new
CMD cases occurred. We used subjects with low baseline
FLI and no significant 4-year FLI increase as the reference.
For subjects with intermediate baseline FLI and significant
4-year FLI increase, the HRs and 95% Cls for incident CMD
in model 1 (2.13 (1.45 t0 3.13)) and model 2 (1.73 (1.13 10
2.66)) exceeded values for subjects with similar baseline
FLI without a significant 4-year change (HRs (95% Cls)
were 1.36 (0.94 to 1.97) for model 1 and 1.18 (0.81 to
1.70) for model 2). They approached HRs (95% ClI) for
subjects who maintained high FLI over the 4 years (HRs
(95% Cls) were 2.18 (1.54 to 3.10) in model 1 and 1.85
(1.21 t0 2.82) in model 2).

Conclusion Persons with significant FLI increase are
likely with increasing CMD risk. Such persons should be
evaluated for progressive FLD and CMD and managed to
reduce CMD risk.

INTRODUCTION

Fatty liver disease (FLD) has become a global
epidemic. Although the incidence of FLD
varies widely, the current global prevalence is

Strengths and limitations of this study

» The study is population-based with a prospective
design and a long follow-up.

» Our statistical models were adjusted for a range of
constitutional factors, lifestyle factors and metabolic
and inflammation biomarkers.

» Categorisation according to fatty liver index changes
allowed clear comparison of cardiometabolic dis-
ease risk between change categories.

» The study population comprised men only.

» The statuses of the men with respect to viral hepa-
titis were not established at baseline, although the
prevalence of viral hepatitis has remained low in the
Finnish population.

estimated to be over 25%." Despite the rising
incidence and prevalence, primary-care
record studies and the limited data avail-
able from vital registries indicate that there
is significant underdiagnosing and under-re-
porting of the condition.”® FLD is a hetero-
geneous disease. Although it is classified
broadly into to alcoholic fatty liver disease
(AFLD) and non-alcoholic fatty liver disease
(NAFLD), it comprises a spectrum of histo-
logical features, including simple steatosis,
acute hepatitis and cirrhosis.*”

Recent studies on NAFLD indicate that
hepatic lipid accumulation, particularly satu-
rated free fatty acids and free cholesterol,
can promote lipotoxicity and mitochondrial
dysfunction, resulting in hepatocyte apop-
tosis, inflammation and fibrosis. Thus, FLLD
can progress from steatosis to steatohepatitis,
fibrosis and cirrhosis.® The natural course,
however, is variable. NAFLD patients without
steatohepatitis may also develop progres-
sive fibrosis.” The presence of fibrosis has
been recognised as the strongest marker of
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severity,® and it can occur in both NAFL and NASH.? In
recent years, attention has been drawn to the fact that
progression of FLD, including AFLD and NAFLD, is also
associated with risk of long-term extrahepatic cardiomet-
abolic disease (CMD) outcomes.'*!? Meta-analyses of
studies on NAFLD show that the NAFLD is associated
with significant increase in risks of type 2 diabetes (T2D),
CVD and CVD events." '* Similarly, the fibrosis stage has
been recognised as a predictor of incident cardiovascular
events.”

Evidence on the rising global prevalence of FLD and
its hepatic and CMD outcomes, highlight the need for
public health initiatives, together with basic and clinical
research, aimed ultimately at controlling FLD and its
outcomes."” '° Fatty liver is reversible and amenable to
treatment and intervention can prevent progression.'
It is logical, therefore, to deduce that such intervention
can prevent further increase in the risk of incident CMD.
However, the effect of FLD progression on the risk of inci-
dent CMD is less studied, to the effect that there is paucity
of comparative studies of the association of progressive
hepatic steatosis with increased cardiometabolic risk.
CMDs (T2D and CVD) are leading causes of mortality
and are largely preventable, potentially also through
intervention resulting from early detection of occurrence
and progression of FLDs.”*!

One major challenge militating against the study of the
consequences of progressive FLD on the risk of CMD is
the need for repeated liver assessment. Liver biopsy and
MRI are expensive. The fatty liver index (FLI), an algo-
rithm which was developed by Bedogni et al, is also easy
to employ, being derived from routine tests and measure-
ments. It had an accuracy of 0.84 (95% CI 0.81 to 0.87) in
detecting fatty liver.”* Therefore, it can provide informa-
tive indication regarding metabolic derangements, asso-
ciated liver histology and need for further evaluation. For
example, it can identify patients who need radiological
evaluation.” A significant increase in FLI suggests either
a development of new FLD or a progression of existing
FLD.*

The development of NAFLD and fibrosis depends on
metabolic factors that occur at an increased frequency
with advancing age,” and this may have a bearing on
the risk of CMDs. The observation in the Kuopio Isch-
aemic Heart Disease Risk Factor Study (KIHD) cohort is
that, for a significant proportion of the subjects, the FLIs
increased by the 11" year of follow-up.?® The objective of
our study was to determine whether progression of FLD,
as assessed by significant increase in FLI, is associated with
increased risk of future CMD when compared with the
corresponding stable status. Although, high FLI has been
shown to identify people at risk of incident CMDs.?*?” The
risk of incident CMDs in relation to FLI changes has not
been documented. Itis expected that among subjects with
similar baseline FLI values, a significant increase in FLI is
associated with greater risk of incident CMD compared
with stable FLI. This study will provide further justifica-
tion in the monitoring of people for increased risk.

METHODS

Study population

Our study population comprised participants in the KIHD.
The KIHD study is a prospective population-based study
designed to investigate risk factors for CVDs and related
outcomes in middle-aged and ageing men from Eastern
Finland. The original study population consisted of an
age-stratified sample of 2682 men. These were enrolled at
baseline between March 1984 and December 1989. The
men were 42, 48, 54 or 60 years of age at baseline.”®

Data collection

Data were collected through self-administered question-
naires, interviews, physical examinations and various
blood tests to determine physiological and biochemical
parameters.” * The self-administered questionnaires
were used to collect data on medical history, including
history of T2D, CVD, metabolic diseases, liver disease and
other chronic diseases, medication history, family history
of diabetes and family history of CVD.* Data on lifestyle
factors, including physical activity, smoking habit, alcohol
consumption and diet, were also collected.™ Categorisa-
tion of alcohol consumption was done according to stan-
dard guidelines by the National Institute of Alcohol Abuse
and Alcoholism™ and Dietary Guidelines for Americans
2010.% Fruit, berry and vegetable consumption was calcu-
lated as the mean consumption over 4 days in gram.34 %

Physical included anthropometric
indices, vital signs and physiologic measurements. Waist
circumference was calculated as the mean of waist circum-
ferences taken at maximal inspiration and maximal expi-
ration. Body mass index (BMI) was calculated as the ratio
of weight in kilogram to the square of height in metre
(kg/ m?). Blood pressure (BP) was taken as the mean of
measurements in supine, standing and sitting positions
with 5 min intervals.”

Blood samples were collected between 8 and 10 hours
after 3 days of abstinence from alcohol consumption and
12 hours abstinence from smoking and eating. These were
processed using standard methods. Data on complete
blood count; serum electrolytes; homeostatic model
assessment of insulin resistance; fasting glucose; lipopro-
tein fractions (including total cholesterol, high-density
lipoprotein cholesterol (HDLc), low-density lipoprotein
cholesterol (LDLc) and serum triglycerides); liver func-
tion tests, including albumin, gamma-glutamyl trans-
ferase (GGT), fibrinogen and ferritin; and biomarkers
like C reactive protein (CRP) were each determined from
the appropriate samples.”® A subject was categorised as
having metabolic syndrome, according to the harmonised
criteria, if at least three of the following alterations were
present: waist circumference 294 cm, serum triglycerides
>1.70 mmol/L or specific treatment for hypertriglyceri-
demia, serum HDLc <1.03 mmol/L, systolic BP 2130 mm
Hg or diastolic BP 285 mm Hg or treatment for previously
diagnosed hypertension, and fasting plasma glucose 25.6
mmol/L.*°

examinations
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Subjects recruited at baseline n=2682

Not eligible at baseline — 1106
-40 with history of liver disease

-910 with history of CVD alone

e
- 69 with history of T2D alone
- 87 with history of both CVD and
l T2D

Subjects without history of liver disease,
CVD or T2D at baseline n= 1576

Not eligible at 4th year — 183
- 3 had liver disease by 4th year
[—— »| -123 had CVD alone by 4*" year

- 9 had T2D alone by 4* year

- 48 had both CVD and T2D bv 4%

A4

Subjects without history of liver disease,
CVD or T2D at 4'" year of follow-up

n=1393

‘ Incomplete data for FLI - 892
- 82 missing baseline data only
*| -s30 missing 4* year data only

- 280 missing data in both
baseline and 4*" year

v

Subjects in analyses n=501

Figure 1 Flowchart depicting the selection of study
participants. CVD, cardiovascular disease; FLlI, fatty liver
index; T2D, type two diabetes.

Included and excluded subjects

The selection of subjects is illustrated in figure 1. The
initial number of subjects at baseline was 2682. After
excluding 1289 subjects with either liver disease or CMD,
501 subjects had complete data for calculating both base-
line and fourth-year FLI. These were eligible for the study.

Measuring the components of the FLI

We calculated baseline and fourth-year FLI using the
algorithm developed by Bedogni et al.”* The component
variables of the algorithm are BMI, waist circumference,
triglycerides and GGT. These are routine measurements
in clinical practice. An FLI<30 ruled out and an FLI=60
ruled in hepatic steatosis as detected by ultrasonography.
The algorithm is expressed as follows:

0.953 X In(triglycerides) + 0.139 X BMI + 0.718 X In(GGT)
e +0.053 X waist circumference — 15.745

FLI = x 100

0.953 X In(triglycerides) + 0.139 X BMI + 0.718
1 + e X In(GGT) + 0.053 X waist circumference — 15.745

where triglycerides is in mg/dL, GGT: y-glutamyl trans-
ferase in U/L: waist circumference is in cm, and BMI is in
kg/m”®. In agreement with Bedogni et al,”* we categorised
FLI as low, intermediate and moderate—high.

Change in FLI and category of change in FLI

Longitudinal (4-year) changes in FLIs were computed by

comparison of FLIs at the end of the fourth year, with the

baseline FLIs. A change in FLI was defined as baseline

FLI=10 FLI units at the fourth year. FLI change direction

was categorised as decrease (baseline FLI minus =10 FLI

units at fourth year), no change (baseline FLI+<10 FLI

units at fourth year) or increase (baseline FLI +=10 FLI

units at fourth year). A change in FLI was considered

significant if it also resulted in a change in FLI category

from the baseline category. The changes in FLI were thus

categorised according to magnitude, direction and signif-

icance. The resulting change categories were

» Category 1 (reference): - baseline FLI in low category
with no significant increase over the 4 years.

» Category 2: baseline FLI in low category and signifi-
cant increase over the 4 years.

» Category 3: - baseline FLI in intermediate category -
and significant decrease over the 4 years.

» Category 4: baseline FLI in intermediate category and
no significant change over the 4 years.

» Category 5: baseline FLI in intermediate category and
significant increase over 4 years.

» Category 6: baseline FLI in high category and signifi-
cant decrease over 4 years.

» Category 7: baseline FLI in high category and no
significant decrease over 4 years.

The development of CMD during the follow-up period
in relation to the 4-year FLI change categories was studied
to determine the association of FLI category with the risk
of CMD.

Outcome definitions

The incident CMDs were cases with either CVD or T2D
or both. We included only first disease diagnoses that
occurred between the end of fourth-year examinations
and 32 December 2012. Incident episodes of CVD and
outcomes were collected by record linkage to the national
care register for healthcare data on inpatient care
(Hoitoilmoitusjarjestelmd), controlled by the National
Institute for Health and Welfare. These include angina
pectoris, acute myocardial infarction, chronic ischaemic
heart disease, cerebrovascular diseases, vascular diseases
and others as coded in the 10th Revision of the Interna-
tional Classification of Diseases (ICD 10) code numbers
100-199. We defined incident T2D outcomes as self-re-
ported physician-set diagnosis of T2D and/or fasting
plasma glucose 27.0 mmol/L or 2-hour oral glucose toler-
ance test plasma glucose =211.1 mmol/L, at re-examina-
tion rounds 4, 11 and 20 years after the baseline, and, by
record linkage, to the national hospital discharge register
and to the Social Insurance Institution of Finland register
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for reimbursement of medicine expenses used for T2D.
Detection of T2D by self-report of physician diagnosis was
followed by either detection via the hospital discharge
registers or detection via the National drug reimburse-
ment register. T2D cases that were included were those
coded in the ICD 10 code numbers from E11.0 to E11.9.

Patient and public involvement

The study was carried out at a university affiliated research
facility. All the study participants were volunteers. Neither
the study participants nor the public were involved in the
design of the study.

Statistical analyses

All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) software V.24.0 for
Windows (IBM, Chicago, IL, USA). Descriptive analyses
were performed to summarise baseline characteristics of
participants according to baseline FLI categories (tables 1
and 2). We used Jonckheere trend test to test for linear
trend across FLI categories of continuous variables. We used
x” test to test for linear association across FLI categories of
categorical variables. We used a regression-based multiple
imputation method (40 iterations) to make up for missing
3.2% values (spread across 39% of the variables and 100%
of subjects), according to guideline by Cheema.”

We used multivariable adjusted Cox regression models
with progressive degrees of adjustments to analyse the asso-
ciation between 4-year FLI change categories and occur-
rence of incident CMD, expressed as HR. The models
were as follows: in model 1, we adjusted for constitutional
factors (examination year and age at baseline) and life-
style factors (smoking pack-years, alcohol consumption,
physical activity, and consumption of fruits, berries and
vegetables). In model 2, we adjusted for variables in
model 1 and metabolic factors (fasting glucose, insulin,
high-density lipoprotein, low-density lipoprotein, systolic
BP and diastolic BP) and inflammatory markers (CRP,
leucocyte count and thrombocyte count). Two-sided
alpha <0.05 was considered statistically significant.

In subanalyses, we excluded men with a high weekly
alcohol consumption (=168 g)38 to observe if the associa-
tions differ when heavy alcohol consumers are excluded
in the analyses. In sensitivity analyses, we analysed our
data for the association censoring at 14 years from base-
line (ie, 10 years after change was observed). We also anal-
ysed our data using CVD and T2D as separate outcomes.

RESULTS

Characteristics of the study population

The baseline characteristics of the study population
(501 men) according to their baseline FLI categories are
shown in table 1. There was no significant difference in
the constitutional factors across the FLI categories. Of the
lifestyle factors, the mean alcohol consumption was higher
among men in the high FLI category than men in the low
FLI category. For the anthropometrics and physiological

measurements, and the biomarkers, a significant trend
was observed across the FLI categories. Compared with
the low FLI (reference) category, men in the high FLI
category had higher mean waist circumference and mean
BMI, and they were more likely to be hypertensive. They
also had higher GGT levels, higher triglyceride, higher
fasting insulin, higher blood glucose, lower HDLc and
higher levels of markers of systemic inflammation. They
were also likely to have metabolic syndrome.

Table 2 shows the fourth-year FLI and FLI change cate-
gory of 501 men according to baseline FLI category. Over
4 years, 135 men (27%) had a significant FLI increase
(change category 2 plus change category 5). Eighty men
who had low FLI at baseline had intermediate FLI by the
fourth year (change category 2). Fifty-five men who had
intermediate FLI at baseline had high FLI by the fourth
year (change category 5).

Multivariable Cox regression model analyses: relation
between 4-year FLI increase category and incident CMD
Overall analyses

During a mean (SD) follow-up of 19.2 (5.5) years, there
were 301 cases of incident CMD. The overall incidence
rate for CMD in the 501 men was 36 cases per 1000
person-years. The proportion of events and incidence
rate in each FLI category can be seen in table 3.

We used subjects with low baseline FLI but no signifi-
cant 4-year increase as the reference. Table 3 shows the
association between FLI change categories with incident
CMD. Subjects in change categories 2 and 5 had a signif-
icant FLI increase at the fourth year. For change cate-
gory 2, the HR for incident CMD in model 1 was 48%
higher than the reference. However, the difference was
reduced to 36%, and the association was no longer statis-
tically significant in model 2 when we included metabolic
and inflammatory factors. Notably, the HRs exceeded
those of subjects in change category 4. For the subjects
in change category 5, the HR for incident CMD in model
1 was 113% higher than the reference. Notably, the HR
was 77% higher than the HR of those in change cate-
gory 4 and approached the HR for those in category 7.
This difference was reduced to 55% in model 2, and the
association maintained statistical significance when we
included metabolic and inflammatory factors.

Subjects in change categories 3 and 6 had significant
FLI decrease by the fourth year. Altogether, 24 (4.8%) of
the subjects who had either high FLI or intermediate FLI
at baseline had significant decrease by the fourth year. As
shown in model 2 of table 3 and, for change category 6,
the data suggest a tendency towards decreased risk when
compared with subjects in change category 7, who had
similar FLIs at baseline (36% lower in model 1 and 56%
lower in model 2). Also, among the change category 3
group, the data suggested decreased risk when compared
with change category 4, who also had an intermediate FLI
category at baseline (8% lower in model 1 but 2% decrease
in model 2), but these were not statistically significant.
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Table 1 Baseline characteristics of 501 men according to FLI categories
FLI<30 FLI=30-<60 FLI>60
Mean (SD) or n (%) Mean (SD) orn (%) Mean (SD) or n (%)
Characteristic n=253 n=157 n=91 P trend*
FLI 15.3 (7.8) 42.6 (8.4) 75.0 (10.1) <0.001
Constitutional factors
Age in years 50.5 (6.5) 52.2 (6.9) 49.1 (6.3) 0.966
Family history of diabetes 66 (26.1%) 40 (25.5%) 23 (25.3%) 0.984
Family history of CVD 201 (79.4%) 122 (77.7%) 77 (84.6%) 0.415
Lifestyle factors
Smoking pack-years 7.7 (15.6) 9.1 (17.6) 7.2(12.9) 0.696
Alcohol consumption (g/week) 65 (110) 71 (92) 138 (169) <0.001
Physical activity (energy exp.)  153(173) 144(132) 111(118) 0.24
(kcal/day)
Fruit, berry and vegetable 452 (200) 458 (192) 446 (204) 0.893
consumption (g/day)
Anthropometrics and physiologic measurements
Mean waist circumference (cm) 82.9 (5.8) 91.6 (5.3) 99.9 (7.6) <0.001
BMI (kg/m?) 24.2 (2.0) 27.2 (2.0) 30.1 (3.0) <0.001
Mean systolic BP 128.8 (15.2) 133.8 (14.6) 134.9 (14.0) <0.001
Mean diastolic BP 84.5 (9.6) 88.8 (8.8) 91.9 (9.0) <0.001
Hypertension 42 (16.6%) 43 (27.4%) 34 (37.4%) <0.001
Biomarkers
Insulin 7.7 (2.9) 10.0 (3.5) 13.9 (6.7) <0.001
Glucose (mmol/L) 4.4 (0.5) 4.6 (0.4) 4.7 (0.5) <0.001
HOMAT1-IR insulin resistance 1.72 (0.67) 2.33(0.83) 3.28 (1.82) <0.001
Total cholesterol (mmol/L) 5.58 (1.07) 5.80 (0.82) 6.11 (0.89) <0.001
HDLc (mmol/L) 1.42 (0.30) 1.26 (0.26) 1.25 (0.26) <0.001
LDLc (mmol/L) 3.75 (1.02) 3.95 (0.79) 4.08 (0.84) <0.001
Triglycerides (mmol/L) 0.92 (0.39) 1.46 (0.73) 1.92 (0.73) <0.001
Gamma-glutamyl transferase 18 (10) 27 (20) 51 (45) <0.001
(U/L)
Albumin 42 (4) 43 (4) 43 (4) 0.080
C reactive protein (m/L) 1.84 (6.02) 2.82 (5.83) 2.73 (3.32) <0.001
Ferritin (ug/L) 126 (90) 177 (202) 260 (187) <0.001
Fibrinogen g/L 2.92 (0.60) 2.99 (0.62) 3.09 (0.43) <0.001
Leucocyte countx10%/L 5.4 (1.6) 5.7 (1.5) 5.8(1.9) 0.002
Metabolic syndrome and medication use history
Metabolic syndrome 7 (2.6%) 23 (13.5%) 58 (54.2%) <0.001
Drug for hypertension 14 (5.5%) 16 (10.2%) 15 (16.5%) <0.001

*Jonckheere trend test for continuous variable. y? linear-by-linear association for categorical variables.
BP, blood pressure; CVD, cardiovascular disease; FLI, fatty liver index; HDLc, high-density lipoprotein cholesterol; HOMA1-IR, homeostatic
model assessment of insulin resistance; LDLc, low-density lipoprotein cholesterol.

Subanalyses

After exclusion of 68 men who were heavy alcohol
consumers, the results were similar to those obtained in
the main analyses, as shown in . Notably, for the subjects
in change category 5, the HR for incident CMD in model
1 was higher than the reference. In addition, the HR was

78% higher than the HR of those in change category 4
and approached the HR for those in change category 7.

Sensitivity analyses
When we analysed our data for the association censoring
at 14 years from baseline (ie, 10 years after change was
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Table 2 Fourth-year FLI and FLI change category of 501
men according to baseline FLI category showing significant
FLI increase in 135 (27%) men

FLI=30-
Fourth-year FLI FLI<30 <60 FLI>60
category or FLI n (%) n (%) n (%)
change category n=253 n=157 n=91
Fourth-year FLI <30 166 (65.6) 20 (12.7) 1(1.1)
Fourth-year FLI=30- 79 (31.2) 77 (49.0) 11 (12.1)
<60
Fourth-year FLI>60 8 (3.2 60 (38.2) 79 (86.8)
1 (Ref) 173 (68.4%) — -
2 80 (31.6%) - -
3 - 14 (8.9) -
4 - 88 (66.1) -
5 - 55 (35.00 -
6 - - 10 (11.0)
7 - - 81 (89.0)

Change categories: 1, baseline FLI in low category with no
significant FLI change in the fourth year; 2, baseline FLI in low
category with significant FLI increase to category intermediate or
high; 3, baseline FLI in intermediate category with significant FLI
decrease to low category; 4, baseline FLI in intermediate category
with no significant FLI change; 5, baseline FLI in intermediate
category with significant FLI increase to high FLI category;

6, baseline FLI in high category with significant decrease to
intermediate or low category; 7, baseline FLI in high category with
no significant FLI decrease.

FLI, fatty liver index; Ref, reference.

observed), the results differed minimally from those
obtained in the analyses after the entire follow-up. The
difference was that the risk of CMD observed among
those who progressed from normal (low) FLI at base-
line was not statistically significant, as shown in table 4.
Results of the analyses with CVD and T2D as separate
outcomes over the entire follow-up are shown in online
supplementary tables 1 and 2 of the appendix. Subjects
in change category 5 had 80% increase in CVD risk and
60% increase in T2D risk compared with change cate-
gory 4. Subjects in change category 6 had T2D risk about
150% lower than those in change category 7. A similar
pattern was observed when high alcohol consumers were
excluded.

DISCUSSION

Significant FLI increases, which occurred over the initial
4 years, resulted in a significant increase in the risk of
CMD to a level comparable to that of subjects who main-
tained a higher FLI, at both baseline and at the fourth
year. In addition, this increase in risk of CMD can be
partly explained by metabolic and inflammatory factors.
Although high FLI has been associated with CMDs,*® %"
this study shows that increase in FLI can identify people
with increasing risk of CMDs.

8

The possible effect of progressive FLD on the associa-
tion between FLD and cardiometabolic risk has been less
studied. Sung et al found that development of new fatty
liver was associated with increased risk of incident T2D. In
their study, individuals in whom severity of fatty liver wors-
ened over 5 years (from mild to moderate/severe) had a
marked increase in the risk of incident T2D compared
with individuals who had resolution of fatty liver.”

There is paucity of studies to elucidate why the risk of
incident CMD is higher in subjects with progressive FLD
than those with relatively stable disease. The attenuation
of the association when metabolic and inflammatory
factors were added to the models suggests that the higher
risks observed in subjects with progressive disease can be
explained by the interplay of metabolic and inflamma-
tory factors. Progressive liver fat accumulation in patients
with FLD is associated with increased rates of the meta-
bolic syndrome, independent of steatohepatitis.*’ For
further increase in risk of incident T2D, it is thought
that the initial development of insulin resistance results
in compensatory hyperinsulinaemia and, together with
visceral obesity, promotes the development of FLD.* The
insulin resistant fatty liver then overproduces glucose and
very low-density lipoprotein.* This boosts mechanisms
that lead to exhaustion of pancreatic beta cell reserve.
Steatotic and inflamed liver secretes hepatokines such
as such as fetuin-A, fetuin-B, angiopoietin-like proteins,
fibroblast growth factor 21 and selenoprotein P, which
have endocrine function at extrahepatic sites. These
further promote insulin resistance and other adverse
effects on glucose homeostasis.*> Eventually, this leads to
further increase in the risk of developing T2D.

The pathway leading from uncomplicated simple
steatosis to CVD events is not fully understood. It is known
that hepatic steatosis can promote subclinical atheroscle-
rosis via multiple traditional factors, such as hyperten-
sion, chronic inflammation, chronically decompensated
diabetes, chronic kidney disease, hyperuricaemia, and
increased epicardial fat.** *

However, the main theoretical model thought to
explain the promotion of atherogenesis in FLD is that of
progression through hepatic lipotoxity with consequent
apoptosis, inflammation and fibrosis.** Fibrosing NASH
results in hepatic production of prothrombogenic factors,
fetuin-A and several lipid species, including free choles-
terol, arachidonic acid and ceramides. Fetuin A inhibits
ectopic calcifications, stimulates vascular inflamma-
tion and macrophage foam cell formation, and induces
smooth muscle cell proliferation and collagen produc-
tion.*! Free cholesterol, arachidonic acid, ceramides and
other lipid species are thought to be linked with athero-
sclerotic plaque instability.** These ultimately accelerate
the development and progression of CVD in the natural
course of atherosclerosis.

It is logical to expect that regression of FLD would be
associated with reduced CMD risk when compared with
stable disease. Altogether, 24 (4.8%) of the subjects had
a significant decrease in FLI. The significant decrease
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Table 3 (A, B) Association of FLI change with risk of incident CMD (B) after excluding men with high alcohol intake

(A) 19 years from baseline

Number of subjects (% Incidence rate per

Model 1 Model 2

FLI change category with CMD) 1000 person-years HR (95% CI) HR (95% CI)
Baseline low category with no 173 (49.1) 28 1 1

significant increase over 4 years (1)

Baseline low category with 80 (62.5) 37 1.48 (1.13 to 1.93) 1.36 (0.94 to 1.96)
significant increase over 4 years (2)

Baseline interm. category with 14 (71.4) 37 1.28 (0.66 to 2.46) 1.16 (0.59 to 2.27)
significant decrease over 4 years (3)

Baseline interm. category with no 88 (60.2) 36 1.36 (0.94 to 1.97) 1.18 (0.81 to 1.70)
significant change over 4 years (4)

Baseline interm. category with 55 (70.9) 50 2.13 (1.4510 3.13) 1.73 (1.13 to 2.66)
significant increase over 4 years (5)

Baseline high category with 10 (70.0) 44 1.82 (0.83 to 3.98) 1.59 (0.63 to 3.68)
significant decrease over 4 years (6)

Baseline high category with no 81 (70.1) 48 2.18 (1.54 t0 3.10) 1.85 (1.21 t0 2.82)

significant decrease over 4 years (7)
P trend

<0.001 0.01

(B) 19 years from baseline

Number of subjects

FLI change category (% with CMD)

Incidence rate per Model 1 Model 2
1000 person-years HR (95% CI) HR (95% CI)

Baseline low category with no 162 (51.2)
significant increase over 4 years (1)

Baseline low category with significant 69 (63.8)
increase over 4 years (2)

Baseline interm. category with 11 (72.7)
significant decrease over 4 years (3)

Baseline interm. category with no 79 (65.7)
significant change over 4 years (4)

Baseline interm. category with 46 (71.7)
significant increase over 4 years (5)

Baseline high category with significant 8 (62.5)
decrease over 4 years (6)

Baseline high category with no 58 (72.4)

significant decrease over 4 years (7)
P trend

29 1 1

38 1.41 (0.98 to 2.01) 1.28 (0.86 to 1.90)

39 1.23 (0.60 to 2.55) 1.07 (0.50 to 2.27)
33 1.19 (0.98 to 1.44) 1.03 (0.69 to 1.52)
51 1.97 (1.30 to 2.97) 1.55 (0.98 to 2.45)
39 1.46 (0.92 to 2.32) 1.19 (0.45 to 3.13)
51 2.12 (1.44 t0 3.11) 1.71 (1.08 t0 2.73)

<0.001 0.048

Model 1: FLI, age, examination date, baseline smoking pack-years, baseline alcohol consumption per week, baseline physical activity,

baseline fruit-berry—vegetable consumption.

Model 2: model 1 plus fasting glucose, insulin, high-density lipoprotein, low-density lipoprotein, systolic blood pressure, diastolic blood

pressure, C reactive protein, leucocyte count and thrombocyte count.

CMD, cardiometabolic disease; FLI, fatty liver index; interm, intermediate.

from high FLI was associated with lesser risk of incident
T2D. We submit that the low number of subjects that
had significant reduction in FLI over the 4 years and the
resultant pattern of association observed precludes defin-
itive statements about FLI decrease and risk of incident
CVD. Nevertheless, the association of FLI increase with
increased risk of CMD holds for CVD and T2D separately.
It also holds even when men with high alcohol consump-
tion were excluded, indicating that our findings are also

applicable to NAFLD. Furthermore, the association was
already evident by 10 years of follow-up.

Study limitations and strengths

First FLI, as a surrogate of fatty liver, does not distinguish
between increased hepatic steatosis, progression of FLD to
steatohepatitis and progression of FLD to hepatic fibrosis.
Therefore, we are unable to differentiate the contribution
of steatohepatitis and fibrosis to the observed association.
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Table 4 (A, B) Association of FLI change with 10-year risk of incident CMD (B) after excluding men with high alcohol intake

(A) 14 years from baseline

Number of Incidence

subjects (%  rate per 1000 Model 1 Model 2
FLI change category with CMD) person-years HR (95% CI) HR (95% CI)
Baseline low category with no significant increase over 4 173 (22.5) 18 1 1
years (1)
Baseline low category with significant increase over 4 80 (26.3) 21 1.21(0.92 to 1.08 (0.62 to
years (2) 1.59) 1.86)
Baseline interm. category with significant decrease over 4 14 (21.4) 16 0.85 (0.30 to 0.85 (0.26 to
years (3) 2.40) 2.77)
Baseline interm. category with no significant change over 88 (34.1) 27 1.47 (0.97 to 1.19 (0.71 to
4 years (4) 2.25) 1.98)
Baseline interm. category with significant increase over 4 55 (45.5) 41 2.46 (1.90 to 1.89 (1.07 to
years (5) 3.19) 3.34)
Baseline high category with significant decrease over 4 10 (40.0) 34 1.98 (0.69 to 1.38 (0.45 to
years (6) 5.66) 4.21)
Baseline high category with no significant decrease over 81 (43.2) 39 2.53 (1.59 to 1.87 (1.05 to
4 years (7) 4.03) 3.32)
P trend <0.001 0.02
(B) 14 years from baseline

Number of Incidence

subjects (%  rate per 1000 Model 1 Model 2
FLI change category with CMD) person-years HR (95% CI) HR (95% CI)
Baseline low category with no significant increase over 4 162 (24.1) 19 1 1
years (1)
Baseline low category with significant increase over 4 69 (27.5) 22 1.20 (0.90 to 1.04 (0.59 to
years (2) 1.59) 1.85)
Baseline interm. category with significant decrease over 4 11 (27.3) 21 0.99 (0.36 to 0.98 (0.30 to
years (3) 2.72) 3.24)
Baseline interm. category with no significant change over 79 (31.6) 25 1.32 (0.78 to 1.10 (0.64 to
4 years (4) 2.22) 1.88)
Baseline interm. category with significant increase over 4 46 (45.7) 42 2.36 (1.37 to 1.79 (0.98 to
years (5) 4.05) 3.30)
Baseline high category with significant decrease over 4 8 (37.5) 32 1.76 (0.56 to 1.22 (0.34 to
years (6) 5.78) 4.34)
Baseline high category with no significant decrease over 58 (43.1) 39 2.43 (1.46 to 1.78 (0.94 to
4 years (7) 4.06) 3.36)
P trend <0.001 0.05

Model 1: FLI, age, examination date, baseline smoking pack-years, baseline alcohol consumption per week, baseline physical activity,

baseline fruit-berry—vegetable consumption.

Model 2: model 1 plus fasting glucose, insulin, high-density lipoprotein, low-density lipoprotein, systolic blood pressure, diastolic blood

pressure, C reactive protein, leucocyte count and thrombocyte count.

CMD, cardiometabolic disease; FLI, fatty liver index; interm, intermediate.

However, since FLI also correlates with degree of NASH
and degree of fibrosis, higher degrees of inflammation
or fibrosis results in higher FLI among individuals with
similar histological degrees of steatosis.”* Therefore,
the significant FLI increases observed do not represent
increases in quantification of steatosis only, but generally
represent a combination of increased steatosis, increased
steatohepatitis or increased fibrosis.** Another limita-
tion of the study is that the hepatitis B and hepatitis C

statuses of the subjects were not established at baseline.
However, the prevalence rates of hepatitis B** and hepa-
titis C*7 have remained low in the Finnish population.
Also, our study population comprised of men only. There
are reports that suggest that lower FLI cut-off values may
apply to women.* We are unable to explore the influ-
ence of gender on the association of FLI increase with
increased risk of incident CMD. Nevertheless, Bedogni et
alconcluded that the influence of gender in FLI is related
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to insulin and skinfold thickness and probably insignif-
icant.” Furthermore, conducting the study on a cohort
of men removes the bias that may be associated with
hormonal changes in women.

The strength of our study lies in the prospective design.
With this, we are able to demonstrate the temporal asso-
ciation of the increases in FLI, with incident occurrence
of CMD (T2D and CMD). Although follow-up was largely
unstructured, for all the subjects, occurrence of disease
outcomes could be detected through the disease regis-
ters. Therefore, there were no losses during follow-up
with respect to the outcome.

Our findings further highlight areas that need to be
studied further. Compared with subjects without disease
regression, the lower risk of incident CMDs (and incident
CVDs) associated with significant regression of FLI-as-
sessed, Ultrasound scan-assessed or MRI-assessed FLD
needs additional studies.

Clinical implications

Clinicians managing patients with internal diseases now
need to be aware of changing fatty liver status over time.
Persons with significantly increased FLI, from previously
normal or intermediate FLI, should be further evaluated
for FLD, and if found with FLD, they should be evaluated
and monitored for CMD. In such persons, appropriate
preventive or treatment measures should be instituted to
improve their prognoses.

CONCLUSION

Our data suggest that development or progression of FLLD
is associated with an increase in risk of incident CMD.
Those who progressed over the 4 years from low (normal)
baseline FLI category already had risk comparable with
that of persons at intermediate baseline FLI category.
Those who progressed over the 4 years from interme-
diate FLI category at baseline had risk comparable with
that of persons who maintained high FLI category both
at baseline and at follow-up. Therefore, in clinical prac-
tice, persons with significantly increasing FLI should be
further evaluated for new or progressive FLD to establish
hepatic steatosis, presence of steatohepatitis and degree
of fibrosis. Such persons should be evaluated, monitored
and managed to prevent development of CMD.
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