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Abstract

Background Population-based studies investigating the association between blood coagulation markers and
non-alcoholic fatty liver disease (NAFLD) are rare. Thus, we aimed to investigate the relationship between the Fatty
Liver Index (FLI) as a measure of hepatic steatosis and plasma concentrations of antithrombin Ill, D-dimer, fibrinogen
D, protein C, protein S, factor VIII, activated partial thromboplastin time (@PTT), quick value and international
thromboplastin time (INR) in the general population.

Methods After the exclusion of participants with anticoagulative treatment, 776 participants (420 women and

356 men, aged 54-74 years) of the population-based KORA Fit study with analytic data on hemostatic factors were
included in the present analysis. Linear regression models were used to explore the associations between FLI and
hemostatic markers, adjusted for sex, age, alcohol consumption, education, smoking status, and physical activity. In a
second model, additional adjustments were made for the history of stroke, hypertension, myocardial infarction, serum
non-HDL cholesterol levels, and diabetes status. In addition, analyses were stratified by diabetes status.

Results In the multivariable models (with or without health conditions), significantly positive associations with FLI
were obtained for plasma concentrations of D-dimers, factor VIII, fibrinogen D, protein C, protein S, and quick value,
while INR and antithrombin Il were inversely associated. These associations were weaker in pre-diabetic subjects and
largely disappeared in diabetic patients.

Conclusion In this population-based study, an increased FLI is clearly related to changes in the blood coagulation
system, possibly increasing the risk of thrombotic events. Due to a generally more pro-coagulative profile of
hemostatic factors, such an association is not visible in diabetic subjects.
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Background

Non-alcoholic fatty liver disease (NAFLD) is highly prev-
alent and includes a spectrum of abnormalities ranging
from simple steatosis to non-alcoholic steatohepatitis
(NASH) to cirrhosis. With a prevalence of around 25%
worldwide, it has become the most frequent chronic
liver disease in recent decades [1]. Fatty liver, also called
steatotic hepatitis, is a common disease in industrialized
nations [1, 2]. NAFLD often remains undiagnosed for a
long time, and there is still no specific medication avail-
able [2]It is closely related to type 2 diabetes mellitus
(T2DM) or impaired fasting glucose, dyslipidemia, obe-
sity, and hypertension. Excessive dietary energy intake
and progressive obesity lead to the accumulation of body
fat stores, including lipid deposits in the liver, result-
ing in alterations of glucose and lipid metabolism, and
inflammation. Thus, environmental factors, including an
energy-dense diet and low physical activity, in combina-
tion with genetic factors, promote the development of
metabolic derangements and eventually NAFLD. With-
out medical intervention and a comprehensive change in
lifestyle and body fat mass, fatty liver disease may develop
into fatty liver inflammation (steatohepatitis), liver fibro-
sis, cirrhosis, and eventually liver cancer [2-5]. However,
this is not a strict sequence as, e.g., fibrosis may already
occur at the early stages of NAFLD [6]In addition, in
subjects with NAFLD the risk of cardiovascular diseases,
including heart attack and type 2 diabetes, considerably
increases [7].

Bedogni and coworkers were the first to describe a sim-
ple formula for calculating the so-called Fatty Liver Index
(FLI). By including data on waist circumference, body
mass index, serum triglycerides and the liver enzyme
gamma-glutamyl transferase, they were able to develop
and validate a score [8]. This simple tool can be used to
determine the likelihood of fatty liver disease quickly
and easily. However, it lacks the precision of histologic
analysis of liver biopsies. Liver biopsy analysis remains
the diagnostic gold standard, but its use is limited by
high costs and procedural risk [9]. The high incidence
of NAFLD makes routine biopsies both impractical
and impossible in all patients [10] Imaging techniques,
including ultrasonography of the liver, are also used to
analyze fat accumulation in the liver, and the FLI was val-
idated against the results of liver ultrasonography. Also,
the application of imaging techniques requires specific
devices and trained personnel [10] Among many other
functions of the liver, this organ also produces most
of the coagulation markers and thus plays a key role in
blood coagulation [11]; abnormalities of the liver, includ-
ing a high liver cell fat content, may result in modifica-
tions of liver-derived hemostatic factors and impact the
blood coagulation system [12]. Blood clotting mark-
ers that initiate or drive blood clotting or lead to the
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formation of a clot, such as fibrinogen D or factor VIII,
are mainly formed in the liver. In addition, proteins and
enzymes such as antithrombin III, protein C and protein
S are also produced in the liver and play a major role in
inhibiting blood clotting, thus acting as natural antico-
agulants [11]. Simplified speaking, blood clotting is trig-
gered by the ladder-like activation of individual enzymes,
which, through their activation, trigger a cascade that
results in the formation of a thrombus [13].

The prevalence of insulin resistance is high in NAFLD
and even higher in patients with NASH [14]. As there is
an indication that treatment of prediabetic patients also
leads to the normalization of coagulation markers [15],
the relationship between glucose tolerance status and FLI
needs exploration. Thus, the purpose of this study was to
investigate the relationship between FLI and a large set of
clinically relevant blood coagulation markers in the gen-
eral population as FLI could be used as a screening tool
to identify NAFLD (followed by clinical characterization,
and eventually intervention). Additionally, the situation
in diabetic and prediabetic subjects will be explored. If an
influence of the FLI on hemostatic factors - and thus the
coagulation cascade - can be confirmed at the population
level, this would provide further support for preventive
measures to decrease the liver fat content and thus avoid
the development of liver fibrosis and metabolic (and car-
dio-vascular) complications.

Materials and methods

Study sample

The KORA (Cooperative Health Research in the region
of Augsburg) project continued the MONICA (Moni-
toring trends and determinants in cardiovascular dis-
ease) project in 1996. Together, they had the objective of
investigating the health status of the adult inhabitants of
the Augsburg region, with a special focus on cardiovas-
cular diseases, lung diseases, diabetes, and environmen-
tal exposure factors [16]. Four cross-sectional surveys,
KORA survey 1 (S1) to KORA survey 4 (S4), were car-
ried out in a period from 1984 to 2001, and 18,000 par-
ticipants aged 25-74 years were recruited and their
health status was assessed; several follow-up studies were
conducted [17]. In the 2018-2019 KORA Fit Follow-up
Study, all living participants of the KORA cohort born
between 1945 and 1964 were enrolled to get informa-
tion on the health status of all middle-agers in the full
KORA cohort. All living KORA S4 participants who
had participated in KORA Fit and for whom citrated
plasma samples were available were eligible for the pres-
ent analyses. A total of 776 participants, 420 women and
356 men, were considered after the exclusion of partici-
pants undergoing anticoagulative treatment (n=29). All
study participants gave written informed consent. The
study protocol was approved by the Ethics Committee
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of the Bavarian Chamber of Physicians (KORA Fit EC
No. 17040) and conducted according to the data protec-
tion requirements. The investigations were carried out in
accordance with the Declaration of Helsinki.

Data collection

Participants of the KORA Fit study were interviewed by
certified and specially trained personnel in a standard-
ized interview about lifestyle factors, such as smoking
behavior, physical activity, alcohol consumption, pre-
existing diseases, medication intake and socio-demo-
graphic variables. Alcohol consumption was calculated
in grams per day assessed for the previous workday and
the previous weekend. Education was recorded in com-
pleted school years (<12 years and >12 years). Physi-
cal activity was estimated using two separate four-item
interview questions asking about the time per week
spent on leisure-time sports (including cycling) in sum-
mer and winter. The winter and summer responses were
combined to create one variable of leisure-time physi-
cal activity. First, participants were classified into one
of four categories for frequency of leisure time activity:
‘No activity’ was defined as no sport in either summer or
winter; ‘Low activity’ was irregular participation in sport
for approximately 1 hour per week in at least one season;
‘Moderate activity’ was regular participation in sport for
approximately 1 hour per week in at least one season;
‘High activity’ was regular participation in sport in both
summer and winter for more than 2 h per week in both
seasons. The previous existence of myocardial infarction
and stroke (yes/no) was recorded but not verified against
medical records. Smoking behavior was recorded as cur-
rent, former and never smoker. Persons aware of having
hypertension, taking antihypertensive medication, and/
or having blood pressure values of 140/90 mmHg or
higher at baseline were defined as actual hypertensives
(yes/no). Diabetes status was assessed by HbAlc (%) and
serum fasting glucose (mg/dl) and categorized into five
subgroups: normal status, prediabetes (fasting plasma
glucose levels: 2100- <126 and/or HbAlc: 25.7- <6.5),
newly diagnosed diabetes (fasting plasma glucose levels:
2126 or HbAlc: 26.5), known diagnosis of diabetes 2, and
other type or vague status. Body mass index was calcu-
lated as weight in kilograms divided by height in square
meters [18]. Waist circumference was measured to the
nearest 0.1 cm at the midpoint between the lower mar-
gin of the least palpable rib and the top of the iliac crest
using stretch-resistant tape [19]. The interview process
and all measurements were done according to the stan-
dard operating procedures; the devices used were regu-
larly calibrated according to the manufacturer’s advice.
Study nurses were trained according to SOPs, certified
and regularly re-certified for each examination module.
Quality assurance measures were applied throughout the

Page 3 of 11

field phase, and for the final data control, all laid down
in the quality assurance report. Detailed information on
the data collection, examination procedures and variable
definitions in the KORA studies is described in detail
elsewhere [20].

Laboratory measurements

All hemostatic measurements were performed in citrated
plasma collected after an overnight fasting state. Samples
were processed immediately (centrifugation 10 min at
15 °C), aliquoted and stored at -80 °C.

Antithrombin III activity (reference value: 83-118%)
was measured by chromogenic activity assay (Innovance
Antithrombin, SCS cleaner, Siemens Eschborn).
D-Dimers were determined by means of a particle-
enhanced immunoturbidimetric assay (ref. value:
<500 pg/dL; Innovance D-Dimer Kit, Siemens Esch-
born). Faktor VIII activity (ref. value: 70-150%) was
analyzed using photometry (coagulation factor VIII defi-
cient plasma, Pathromtin SL, CaCl2, Siemens Eschborn).
Fibrinogen (ref. value: 210-400 mg/dL) was quantified
photometrically and turbidimetrically (Multifibern U,
Siemens Eschborn). The parameters of aPTT (ref. value:
26-36 s; Pathromtin SL, CaCl Losung, Actin FS, Siemens
Eschborn), protein C and S activity (ref. value for protein
C: 70-140%; ref. value for protein S: 73-130% for men,
52-126% for women; Berichrom Protein C, Siemens
Healthcare; Hemoclot Protein S, OVB-Puffer, CaCl2,
SCS-Cleaner) and quick value (ref. value: 82-125%;
Thromborel S Siemens Eschborn) were determined pho-
tometrically. INR (ref. value: 0.9-1.15) was calculated
from the prothrombin ratio (Thromborel S, Siemens
Eschborn) by dividing the thromboplastin time of the
subject by the thromboplastin time of normal plasma
squared with the International Sensitivity Index (ISI)
according to the WHO [21]. Serum triglycerides (ref.
value: 0-200 mg/dl) were determined by an enzymatic
color test (Hoffman-La Roche AG Basel/Switzerland)
on a Cobas 8000 c702 (Hoffman-La Roche AG Basel/
Switzerland). Serum total cholesterol levels (ref. value:
0-200 mg/dL) and HDL cholesterol (ref. value: >45 mg/
dL) were analyzed enzymatically (Cobas 8000 c702 Roche
chemistry analyzer; Hoffman-La Roche AG, Basel/Swit-
zerland). Non-HDL cholesterol was built by subtracting
HDL cholesterol from total cholesterol. Gamma-glutamyl
transferase (GGT) was analyzed according to the IFCC
method (Hoffmann-La Roche AG Basel/Switzerland),
and serum glucose was quantified using the hexokinase
method (Hoffmann-La Roche AG Basel/Switzerland). For
the determination of glycosylated haemoglobin (HbA1c),
an HPLC method with UV detection (Variant II Turbo
Hemoglobin Test System; Biorad Hercules, California/
USA) was used.
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Reference values of all blood coagulation markers were
taken from Hospital Augsburg, and all other parameters
were measured at the clinical laboratory of the Univer-
sity Hospital of the Ludwig-Maximilians University in
Munich (Klinikum Grof3hadern). All measurement pro-
cedures were performed and controlled according to
standardized protocols by trained laboratory personnel.

The Fatty Liver Index was calculated according to the
formula of Bedogni et al. [8]:

0.953xlog(triglycerides)+0.139x BMI+0.718
e *1og(GGT)+0.053xwaist circum ference—15.745

FLI =

0.953xlog(triglycerides)+0.139x BMI+0.718
- (1 +e x1og(GGT)+0.053x waist (:ir(:umferen(:e15.745>

x100

FLI was categorized into three groups. Values between 0
and 29 rule out fatty liver disease and thus hepatic steato-
sis, values between 30 and 59 are defined as unclear, and
a score of 60 and higher indicates the presence of fatty
liver disease (hepatic steatosis).

Statistical analyses

Continuous variables were presented by means and stan-
dard deviation, and nonnormally distributed variables
were described by median and interquartile range. The
Shapiro-Wilk test was applied to test for normal distribu-
tion. The Kruskal-Wallis test was used to test for differ-
ences between the medians of three or more independent
groups.

Linear regression models were applied to investigate
associations between FLI (continuous) as an exposure
variable and blood coagulation markers as dependent
variables. The models were adjusted for age (continu-
ous), alcohol consumption (continuous), sex (male;
female), education (<12 years; 212 years), smoking status
(never; former; current) and physical activity (=2 h/week;
1 h/week; <1 h/week; (almost) no activity). In a second
model, additional adjustments were made for stroke
(yes/no), hypertension (yes/no), myocardial infarction
(yes/no), serum non-HDL cholesterol (continuous) and
diabetes status (normal; prediabetes; newly diagnosed;
known type of diabetes; other type or vague). We tested
for interaction effects with diabetes status by includ-
ing a multiplicative term in the fully adjusted models.
Stratified analysis by diabetes status (normal; predia-
betes; newly diagnosed and known diabetes) was con-
ducted to describe differential associations as indicated
by significant interaction results. All model assumptions
were ensured, including homoscedasticity. Multicol-
linearity and autocorrelation were assessed using the
variance inflation factor (VIF) and the Durbin-Watson
statistic, respectively. A value of P<0.05 was considered
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statistically significant. All analyses were performed with
IBM SPSS 29 (IBM Inc., Armonk, New York; USA).

Results

Table 1 shows the baseline characteristics of the 776 par-
ticipants included in the analyses, stratified by sex. The
mean age was the same for both males and females (mean
total: 62.6; SD: 5.6). Men (mean: 60.0; SD: 27.6) showed
a higher average FLI than women (mean: 39.1; SD: 30.1).
Thus, 201 (56.5%) men were regarded as having fatty liver
disease. Among women, only 125 (29.7%) were classi-
fied as subjects with fatty liver disease. The proportion of
females with normal glucose tolerance (233; 55.5%) was
higher than that of males (144; 40.5%). Accordingly, the
prevalence of prediabetes or diabetes was higher in men
than in women.

Median plasma concentrations of coagulation mark-
ers are described in Table 2, stratified by FLI categories
and glucose tolerance status. Overall, the mean concen-
trations of blood coagulation markers were in a normal
range, except for protein S. Protein S concentrations were
elevated for the total sample in the intermediate FLI cat-
egory (median: 131.3; IQR: 107.8;150.3) and in subjects
with hepatic steatosis (median: 132.1; IQR: 112.9; 153.0).
When the models were stratified according to glucose
tolerance status, the same results were found in all cat-
egories, namely, an increased protein S level in the inter-
mediate status and in hepatic steatosis. In the case of
newly diagnosed and known diabetes, an increased level
of D-dimer was also found in the intermediate status
group of FLI (median: 511.5; IQR: 429.0;874.0).

Table 3 shows the results of the linear regression mod-
els exploring the association between FLI and blood
coagulation markers in the total sample. In the mod-
els adjusted for age, alcohol consumption, sex, educa-
tion, smoking status, and physical activity, significant
positive associations were detected for D-dimers, factor
VIII, fibrinogen D, protein C, protein S and quick value;
inverse associations were obtained for antithrombin III
and INR, and aPTT was not significantly associated with
FLI (model 1). Similar results were obtained with the
second adjustment model, with all hemostatic factors
showing significant relationships, but aPTT was also sig-
nificantly inversely associated with FLI (model 2).

Testing for interaction between FLI and diabetes sta-
tus revealed several significant results. When stratifying
the analysis by diabetes status, the significant associa-
tions between FLI and coagulation parameters observed
in non-diabetic subjects were not observed in diabetic
subjects (except for antithrombin III in model 1). Sub-
jects with normal glucose tolerance (Table 4) showed
almost the same results as reported for the whole sam-
ple (Table 3). In prediabetic subjects, significant positive
associations were obtained for factor VIII, fibrinogen
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Table 1 Characteristics of the study participants®
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Total Males Females
(n=776) (n=356) (n=420)
Mean SD
Age [years] 62.6 56 62.6 58 62.6 55
FLI 48.7 30.8 60.0 276 39.1 30.1
BMI [kg/m?] 279 4.8 284 4.2 274 52
Waist circumference [cm] 94.0 13.8 100.5 12.2 884 126
Gamma glutamyl transferase [U/] 355 40.2 42.7 34.8 294 434
Glutamate oxalate transaminase [U/I] 26.1 129 276 10.2 249 14.6
Glutamate pyruvate transaminase [U/I] 282 16.0 323 14.7 24.7 164
Total cholesterol [mg/dL] 212.1 40.2 2014 39.8 221.1 383
HDL cholesterol [mg/dL] 64.3 18.9 553 15.2 719 184
Non-HDL cholesterol [mg/dL] 147.8 39.1 146.1 396 149.3 386
Median (25th — 75th percentile)
Alcohol comsumptionb [g/d] 5.7 (0.0;22.9) 5.7(0.0;21.5) 6.7 (0.0;22.9)
Triglycerides [mg/dL] 106.0 (77.0;148.0) 114.0 (80.5;164.0) 100.0 (72.8;136.0)
N %
FLI <30, no hepatic steatosis 287 37.0% 73 20.5% 214 51.0%
30-59, intermediate status 163 21.0% 82 23.0% 81 19.3%
> 60, hepatic steatosis 326 42.0% 201 56.5% 125 29.7%
Education [years] <12 years 471 61.0% 198 56.0% 273 63.0%
>12 years 305 39.0% 158 44.0% 147 37.0%
Physical activity high activity 284 37.0% 133 37.5% 151 36.0%
(=2 h/week)
moderate activity (1 h/week) 264 34.0% 115 32.5% 149 35.5%
low activity 94 12.0% 50 14.0% 44 10.5%
(<1 h/week)
(almost) no activity 134 17.0% 58 16.0% 76 18.0%
Smoking current smoker 106 14.0% 53 15.0% 53 13.0%
former smoker 335 43.0% 176 49.5% 159 38.0%
never smoker 335 43.0% 127 35.5% 208 49.0%
Hypertensionb yes 361 46.5% 196 55.0% 165 39.0%
no 414 53.5% 159 45.0% 255 61.0%
Myocardial infarction yes 22 2.8% 18 5.0% 4 1.0%
no 754 97.2% 338 95.0% 416 99.0%
Stroke yes 18 2.3% 12 3.4% 6 1.5%
no 758 97.7% 344 96.6% 414 98.5%
Glucose tolerance status normal 377 48.6% 144 40.5 233 55.5%
prediabetes 303 39.0% 159 44.7% 144 34.3%
newly diagnosed diabetes 16 2.0% 12 34% 4 0.9%
known type 2 diabetes 68 8.8% 37 10.4% 31 7.4%
other type of diabetes or vague 12 1.6% 4 1.0% 8 1.9%

2 After exclusion of individuals with anticoagulation therapy (n=29); bn=7751 =missing

D, protein C and protein S. Antithrombin III and aPTT
were significantly inversely associated (model 1). In the
second adjusted model (model 2), antithrombin III, fac-
tor VIII and aPTT were the only significant coagulation
markers, with aPTT being inversely associated.

Discussion

The findings of the present study clearly show statisti-
cally significant associations between the FLI and a range
of blood coagulation markers. All hemostatic factors and

clotting tests (except for aPTT) were affected by increas-
ing liver fat content.

In their study, Horber et al. [22] followed a similar
approach, and the coagulation markers tested in rela-
tion to fatty liver showed the same trends as those found
in our analyses. They demonstrated that fatty liver is
significantly positively associated with protein C, pro-
tein S, fibrinogen, and factor VIII and negatively associ-
ated with antithrombin III and aPTT. According to their
interpretation, a fatty liver leads to an increased synthe-
sis of proteins C and S in the liver, with protein S being a
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Table 2 Blood coagulation markers (median; IQR) according to Fatty Liver Index (FLI) categories in all participants® and stratified by

glucose tolerance status

Total sample (n=776) FLIP

no hepatic steato- intermediate sta- hepatic steatosis P

sis [FLI<30] tus [FLI 30-59] [FLI=60] value®

n=287 n=163 n=326
Antithrombin [l [mg/dL] 105.5 (99.0;112.5) 102.1 (96.0;107.9) 98.9(92.5;106.0) <0.001
D-dimers[ugll/ 367.0 (276.0,506.0)  408.0 (330.0,557.0) 4385 (334.0,624.0)  <0.001
Faktor VIII [%] 116.8(93.8;139.3) 117.3(94.1;137.9) 125.8(1034;,151.4)  <0.001
Fibrinogen D [mg/dL] 280.6 (249.1;316.0) 2984 (265.4,336.1) 3074 (268.5;3454)  <0.001
aPTT [s] 30.7 (28.6;33.1) 30.8(29.1;32.8) 30.6 (28.6,32.8) 0.671
Protein C [%] 1225(111.7,136.8)  1249(112.0;1409) 124.2(111.8;140.3) 0207
Protein S [%)] 115.9(98.8;132.9) 131.3(107.8;150.3)  132.1(1129,153.0)  <0.001
Quick value [%] 107.3(100.2,112.6) 1092 (103.1;115.5) 1094 (103.7,115.7)  0.001
INR? 1.0 (0.9,1.0) 1.0(0.9;,1.0) 1.0 (0.9,1.0) 0.001
Normal glucose tolerance (n=377) n=19% n=78 n=105
Antithrombin [l [mg/dL] 105.5(99.1;,112.5) 1024 (96.2;108.7) 100.7 (95.2;107.5) <0.001
D-dimers[ugll/ 3480 (270.0,470.0)  379.0(296.0,607.0)  429.0(332.0,602.0)  <0.001
Faktor VIII [%)] 116.1 (91.7;139.0) 113.0(95.6;134.8) 123.5(100.3;1435) 0.134
Fibrinogen D [mg/dL] 2773(248.8305.6) 297.5(260.2,3346) 3023(2623;3428) <0.001
aPTT [s] 30.7 (28.7;33.1) 30.08 (29.1;33.3) 31.3(29.033.3) 0.644
Protein C [%] 1224(109.6;136.5)  127.8(114.8;1409)  1275(113.7,139.2)  0.055
Protein S [%] 11.5(96.7;129.6) 1322 (106.6;152.5)  132.1(110.1;162.3)  <0.001
Quick value [%] 1064 (99.7;111.6) 109.5(103.2;115.8)  108.9(103.0;117.7)  0.006
INR? 1.0 (0.9,1.0) 1.0(0.9,1.0) 1.0(0.9;1.0) 0.005
Prediabetes (n=303) n=84 n=72 n=147
Antithrombin Il [mg/dL] 105.6 (97.0;110.4) 100.9 (95.4;106.2) 98.5(91.2,105.3) <0.001
D-dimers[ug[l/ 4145(333.0,562.0) 4155(349.0,516.0)  430.0(326.0,606.0)  0.871
Faktor VIII [%)] 116.8 (95.9;139.4) 119.0 (934;142.1) 125.5(101.7;,150.9)  0.056
Fibrinogen D [mg/dL] 296.3 (250.3;347.5)  296.8(269.7,340.0) 3103 (271.0,341.6)  0.468
aPTT [s] 31.1(28.6;33.6) 30.8(28.8;32.8) 30.1(28.2,32.6) 0.201
Protein C [%] 123.5(1124,1375) 1223 (111.4,1334)  1235(111.6;,140.1) 0959
Protein S [%] 123.8(105.1;140.7)  130.2(109.5;148.9)  134.2(113.9;150.2)  0.050
Quick value [%] 108.8(102.8;115.0) 1088 (101.9;114.8)  110.5(104.6;115.5)  0.381
INR 1.0 (0.9;1.0) 1.0(0.9,1.0) 0.9 (0.9,1.0) 0.396
Diabetes newly diagnosed and known (n=84) n=6 n=10 n=68
Antithrombin IIl [mg/dL] 109.8 (98.3;121.0) 104.4 (97.8;109.7) 96.3 (91.4;,104.0) 0.038
D-dimers[ug[l/ 419.0(289.0,552.0)  511.5(429.0,8740)  499.5(374.5716.0) 0486
Faktor VIII [%] 137.1(97.4,177.7) 1223(115.8;139.8)  136.6(114.1;,1625)  0.355
Fibrinogen D [mg/dL] 2999 (274.8356.5)  304.0(284.0,3183)  313.2(277.1,349.9)  0.786
aPTT [s] 284 (25.5304) 31.1(29.6;32.9) 306 (28.8,32.7) 0.108
Protein C [%] 1243 (119.7,133.1) 1246 (114.3;141.1)  1209(110.6;1420) 0919
Protein S [%] 104.9 (94.4,137.3) 134.5(1223;156.7)  1309(112.8;1464)  0.242
Quick value [%] 113.4(1084;121.0) 111.1(103.6;116.1) 108.7(101.6;,115.7)  0.297
INRY 0.9 (0.9;1.0) 0.9 (0.9;1.0) 1.0 (0.9;1.0) 0.286

2 After exclusion of individuals with anticoagulation therapy (n=29); ® Fatty Liver Index; ¢ activated partial thromboplastin time ¢ international normalized ratio

Kruskal-Wallis test

coproduct of protein C. As natural anticoagulants, they
inhibit the coagulation cascade, which would counteract
a prothrombotic state promoted by fatty liver [23, 24].
This hypothesis is supported by our data since both pro-
teins were positively associated with an increasing FLL
As in our analyses, Horber et al. also reported increased
fibrinogen and factor VIII levels with increasing liver
steatosis. Fibrinogen is a glycoprotein that is produced

in the liver and contributes to the formation of a throm-
bus at the end of blood clotting [25]. Factor VIII is pro-
duced not only in the hepatocytes of the liver but also in
the kidneys, lymphatic tissue, and endothelial cells [26].
Horber et al. [22] also reported a negative association
between antithrombin III, aPTT, and fatty liver, which
was confirmed by our study results. Since antithrombin
III is a natural anticoagulant produced in the liver and
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Table 3 Association between the Fatty Liver Index (FLI) and blood coagulation parameters in all study participants®

Model 1° Model 2¢
p estimate  95% confi- Pvalue pestimate 95% P
dence interval confidence value
interval

Antithrombin Il [mg/dl] -0.069 -0.095; -0.042 <0.001 -0.080 -0.109; -0.051 <0.001
Ln D-dimers 0.003 0.002; 0.004 <0.001 0.002 0.001; 0.004 0.002
Faktor VIII [%] 0.232 0.144; 0.321 <0.001 0.215 0.115;0.314 <0.001
Fibrinogen D [mg/dL] 0418 0.260; 0.576 <0.001 0373 0.196; 0.551 <0.001
aPTT [S]d -0.008 -0.017;0.000 0.055 -0.010 -0.020; -0.001 0.032
Protein C [%] 0.108 0.064;0.153 <0.001 0.083 0.035;0.132 <0.001
Protein S [%] 0.240 0.155;0.325 <0.001 0.184 0.089;0.279 <0.001
Quick value [%] 0.054 0.030;0.078 <0.001 0.048 0.021;0.074 <0.001
INR® -0.032 -0.048;-0.017  <0.001 -0.031 -0.048;-0.014 <0.001

2 After exclusion of individuals with anticoagulation therapy (n=29); ® dependent variables: blood coagulation markers, exposure variable: Fatty Liver Index, adjusted
for age, alcohol consumption, sex, education, smoking and physical activity; © dependent variables: blood coagulation markers, exposure variable: Fatty Liver
Index, additionally adjusted for stroke, hypertension, myocardial infarction, non HDL cholesterol, diabetes; ¢ activated partial thromboplastin time; ¢ international

normalized ratio, INR times 100

inhibits numerous clotting factors, reduced production
with increasing FLI leads to increased interference with
the coagulation cascade. This may eventually increase
the risk of thrombosis and subsequently of other diseases
[27]. aPTT is a coagulation test based on partial throm-
boplastin time and is used clinically to indicate abnor-
malities within the coagulation system [11]. An elevated
aPTT value indicates an increased bleeding tendency,
and a low value indicates a decreased bleeding tendency
[28]. aPTT reflects the clotting time of the intrinsic path-
way, and a shortened clotting time and thus faster throm-
bus formation makes sense from a physiological point
of view [29]. This effect is evident based on the present
results.

Since only a few studies have investigated the rela-
tionship between FLI and blood coagulation markers,
our results are compared to studies using NAFLD as
an endpoint. It is therefore important to understand
and explain the term “NAFLD”. According to the Euro-
pean Association for the Study of the Liver (EASL) [4],
NAFLD is characterized by excessive hepatic fat accu-
mulation (associated with insulin resistance) and defined
by the presence of steatosis in more than 5% of hepato-
cytes in association with metabolic risk factors, particu-
larly obesity and type 2 diabetes, and in the absence of
excessive alcohol consumption or other chronic liver
diseases. There are two types of NAFLD: non-alcoholic
fatty liver (NAFL) and the progressive form non-alco-
holic steatohepatitis (NASH), which is characterized by
chronic inflammation and death of liver cells that can
progress to fibrosis and even the most severe form of
metabolic cirrhosis. People usually develop one or the
other form of NAFLD, although the transition is fluid.
Kotronen et al. [30] measured various coagulation fac-
tors in a retrospective study comparing subjects with
and without previously diagnosed non-alcoholic fatty

liver disease (NAFLD). Liver fat was visualized in their
work by H-magnetic resonance spectroscopy (H-MRS).
An increase in the coagulation factors examined was
found for subjects with NAFLD, but D-dimer values
remained almost unchanged. However, since D-dimers
are formed physiologically as cleavage products during
the dissolution of fibrin [31], an increased blood concen-
tration, as seen in our study, can be expected (in paral-
lel with increasing fibrinogen). D-dimer concentrations
are clinically relevant when excessive blood clotting and/
or thrombus formation is suspected and provide impor-
tant information as to whether clots were actually formed
(and dissolved) in the body [32, 33]. The assumption that
an elevated FLI may cause a procoagulant or prothrom-
botic state is also supported by the findings of Orgestra et
al. [34]. In their review article, they compared published
reports of changes in coagulation parameters associated
with NAFLD. They confirmed that endothelial vascu-
lar dysfunction, platelet abnormalities and alterations in
factors involved in the coagulation cascade and fibrino-
lysis may contribute to a prothrombotic state in patients
with NAFLD. At the same time, they noted that currently
available data on the role of platelets and changes in the
coagulation system are sparse and often contradictory,
highlighting the growing need for larger, prospective
studies with well-defined patient groups and compre-
hensive tests to assess the hemostatic profile. In their
paper, Virovic et al. [35] confirm the above statement
that, despite research efforts, the link between NAFLD
and coagulation disorders has not yet been established, in
part because of the inadequacy of the tests used to assess
these disorders. They argue that the close association of
NAFLD and metabolic syndrome makes it difficult to
distinguish the extent to which the two entities contrib-
ute independently to a procoagulant state. However, they
concluded that there is growing evidence that NAFLD
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Table 4 Association between the Fatty Liver Index (FLI) and blood coagulation parameters in study participants® stratified by glucose

tolerance status

Model 1° Model 2¢

i} 95% P i 95% P

estimate confidence value estimate confidence value

interval interval

Normal glucose tolerance
Antithrombin Il [mg/dL] -0.042 -0.080; -0.004 0.032 -0.061 -0.103;-0.019 0.004
Ln D-dimers 0.003 0.001; 0.005 0003  0.004 0.002;0.006  <0.001
Faktor VIII [%] 0.206 0.068; 0.343 0.003 0.239 0.087;0.392  0.002
Fibrinogen D [mg/dL] 0.544 0.303;0.785 <0.001 0.502 0.235;0.769  <0.001
aPTT [s)¢ 0.001 -0.013;0.012 0940  -0.009 -0.023;0.005 0.203
Protein C [%] 0.163 0.098; 0.229 <0.001 0.116 0.045;0.187  0.002
Protein S [%] 0.305 0.177,0433 <0.001 0215 0.074;0.355 0.003
Quick value [%] 0.082 0.047;0.117 <0.001 0.076 0.037;0.115  <0.001
INR® -0.049 -0.070; -0.028 <0.001 -0.045 -0.069;-0.022 <0.001
Prediabetes
Antithrombin IIl [mg/dL] -0.072 -0.113;-0.031 <0.001 -0.097 -0.139;-0.054 <0.001
Ln D-dimers 0.001 -0.001; 0.003 0251 0.001 -0.001;0.003 0.528
Faktor VIII [%] 0.279 0.132;0427 <0.001 0.251 0.097;0.405  0.002
Fibrinogen D [mg/dL] 0210 -0.055; 0474 <0.001 0.169 -0.112;,0450 0.237
aPTT [s)¢ -0.017 -0.031;-0.003 0021 -0018 -0.033;-0.002 0.023
Protein C [%] 0.078 0.007;0.149 0.032 0.055 -0.018;0.129 0.141
Protein S [%] 0.149 0.011;0.287 0035 0.127 -0.017;0272 0.083
Quick value [%] 0.030 -0.005; 0.065 0096  0.032 -0.005;0.070 0.088
INR® -0.018 -0.039; 0.003 0.089  -0.020 -0.042,0.002 0.077
Diabetes, newly diagnosed and known
Antithrombin IIl [mg/dL] -0.175 -0.318;-0.032 0.017 -0.120 -0.275;0.034 0.125
Ln D-dimers 0.003 -0.003; 0.008 0.306 0.003 -0.003;0.009 0.319
Faktor VIII [%] 0.152 -0.179; 0483 0.364 0.114 -0.250;0479 0.533
Fibrinogen D [mg/dL] 0.160 -0.437;0.758 0.594 0.320 -0.330;0.971 0.329
aPTT [s)¢ 0.002 -0.035; 0.040 0.903 -0,002 -0.043;-0.039 0919
Protein C [%)] -0.019 -0.241,0.203 0.865 0.007 -0.228;0.242  0.952
Protein S [%] 0.119 -0.267;0.506 0.540 0.035 -0.385; 0454 0.869
Quick value [%] -0.047 -0.186; 0.092 0499 -0.023 -0.170;0.125 0.758
INR® 0.010 -0.100; -0.121  0.851 -0.016 -0.134,0.101  0.786

2 After exclusion of individuals with anticoagulation therapy (n=29);® dependent variables: blood coagulation markers, exposure variable: Fatty Liver Index, adjusted
for age, alcohol consumption, sex, education, smoking and physical activity; “ dependent variables: blood coagulation markers, exposure variable: Fatty Liver Index,
additionally adjusted for stroke, hypertension, myocardial infarction, non HDL cholesterol d activated partial thromboplastin time; © international normalized ratio,

INR times 100

and NASH in particular may contribute significantly
and independently to a procoagulant and prothrom-
botic state, independent of the presence of other factors.
Finally, they also argue for the urgent need for larger pop-
ulation-based studies with careful selection of the meth-
ods and factors studied to clarify the complex changes
in the coagulation process that occur in vivo in NAFLD,
their interactions and clinical outcomes. In our study, we
used FLI for screening NAFDL, an approach that is eas-
ily applicable for screening a large number of subjects.
Thus, the relationship between this index and markers of
the coagulation system is important information for its
future application.

Horber et al. [15] showed in another study that early
prevention through lifestyle intervention had a massive

influence on changes in the blood coagulation system.
They studied 100 individuals with impaired glucose toler-
ance or impaired fasting plasma glucose (i.e., prediabetic
subjects) who participated in a one-year lifestyle inter-
vention. In addition to precise metabolic phenotyping
and MRS-based determination of liver fat content, they
also conducted a comprehensive analysis of blood coagu-
lation parameters before and after the intervention. They
were able to establish a causal link between a decrease in
liver fat content and an improvement in hemostasis and
thus indicate a future preventive and therapeutic target.
Improvement of the prothrombotic status by lifestyle
modifications that lead to decreased FLI seems promis-
ing and should be regarded as a disease-preventive mea-
sure. Since the information for the calculation of the FLI
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can be collected easily and quickly by taking simple mea-
surements available in everyday clinical practice and the
correlation of the FLI with the development of various
disease patterns could already be demonstrated, the FLI
represents a simple tool for diagnostics. In a population-
based cohort study using the UK Biobank database, Zou
et al. [36] found that the FLI was not the best measure
for detecting liver steatosis; however, the FLI was sig-
nificantly associated with prevalent and incident cardio-
vascular diseases. Additionally, Chang-Hoon Lee et al.
[37] reported that a higher FLI score increases the risk
of all-cause mortality and the risk of myocardial infarc-
tion and stroke. They observed that a simple (repeated)
assessment of NAFLD status based on FLI could help cli-
nicians identify groups at higher risk for all-cause mor-
tality, myocardial infarction and stroke. The association
between improving (i.e., decreasing) FLI and the decrease
in cardiovascular disease risk also supports the clini-
cal benefits of NAFLD prevention and treatment. Thus,
the reported associations between FLI and coagulation
markers in the present study may indicate a mechanistic
pathway that could partly mediate such effects.

The observed lack of association between FLI and coag-
ulation factors in patients with diabetes confirms that the
specific metabolic situation dominates over the enrich-
ment of fat in the liver [35, 38]. Patients with a diagno-
sis of diabetes show an increased thrombotic risk mainly
mediated by the presence of insulin resistance, dysglyce-
mia, and an increased inflammatory state, among other
alterations [39]. This prothrombotic state in diabetic
subjects is related to an overall increased cardiovascular
disease risk [40]. According to our results, the relation-
ships between FLI and hemostatic factors are weakened
in prediabetic subjects (versus normoglycemic subjects);
however, as discussed above, lifestyle intervention may
restore metabolic and blood clotting derangements [41].

It is well described that a prothrombotic state could
be the consequence of malignancies when tumor cells
activate the coagulation system [42]. Besides, NAFLD is
closely associated with hepatic and recently with extra-
hepatic cancers, such as bladder cancer [43]. Our study
participants did not suffer from acute malignancies at the
time of blood collection; however, as for other serious
diseases, former cancer cases were not excluded from
this cross-sectional analysis.

Study strengths and limitations

The strengths of our study are a large sample size, the
population-based design, the availability of standardized
data on cardiovascular risk factors, and standardized
anthropometric and laboratory measurements. Possible
confounders were available and could be considered as
adjustment variables in the regression models. However,
some limitations must be considered. As the analysis is
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based on the follow-up of a population-based study, it
is possible that the participants are not representative
of the original sample. It cannot be completely excluded
that selection bias may have influenced the present
results. Furthermore, future studies should also identify
other existing liver diseases such as hepatitis to avoid
false positive FLI results. The results cannot be related
to people of other ethnic origins or age groups, as only
study participants born in the period from 1945 to 1964
were included. Furthermore, an exact measurement of
liver fat content (e.g., by MR imaging) is more precise but
much more cost-intensive than the calculated FLI.

Conclusion

Our results demonstrate a relationship between the FLI
and blood clotting markers, with a high FLI being asso-
ciated with a pro-coagulative state. Patients at high risk
of developing conditions such as thrombosis, CVD or
stroke may benefit from this simple and fast diagnostic
measure. However, further population-based studies are
needed to clarify the complex changes in the coagula-
tion process associated with the fatty liver index and their
interactions with other metabolic derangements and sub-
sequent clinical outcomes. The FLI may serve as a screen-
ing test to identify subjects that should undergo precise
characterization of the liver and suitable intervention.
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