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ABSTRACT

INTRODUCTION: Nonalcoholic fatty liver disease (NAFLD) is a public health problem of global significance.
It is defined as the presence of hepatic steatosis in more than 5% of hepatocytes, as determined by imaging or
histological examination, in individuals consuming little or no alcohol, and in whom a secondary cause of ste-
atosis has been excluded. Because of the proven association between NAFLD and metabolic syndrome (Met-
Syn), an international panel of experts has proposed to replace the term non-alcoholic fatty liver disease with
the term metabolic-associated fatty liver disease (MAFLD). Nonalcoholic fatty liver disease is divided into two
main groups: nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH). Multiple serum bio-
markers have been investigated to predict the presence of NASH. Cytokeratin-18 (CK18) is the only validated
biomarker. It is a marker of hepatocyte apoptosis and predicts presence of steatohepatitis.

AIM: The aim of this article is to evaluate the application of CK18 as a diagnostic marker of inflammation in
NAFLD and its relevance using anthropometric parameters, routine laboratory tests, ultrasonographically de-
fined degree of steatosis, and stage of fibrosis calculated from non-invasive scores.

MATERIALS AND METHODS: The study included 61 persons with ultrasonographycally proven NAFLD
(mean age 56.9 years). Data on anthropometry, clinical features, standard laboratory tests, ultrasound exam-
ination, and serum levels of total CK18, determined by the ELISA method, were collected. Using some labora-
tory parameters and clinical characteristics of the patients, scores for non-invasive assessment of fibrosis were
calculated.

RESULTS: Normal CK18 levels were found in 55 patients (90.17%), and an increase in CK18 above 5 ng/mL,
indicating the presence of steatohepatitis, was found in 6 patients (9.83%), of which 2 males and 4 females. In
CK18 levels above 5 ng/mL (ULN), we accepted a diagnosis of steatohepatitis. We found moderately strong pos-
itive correlation between the level of triglycerides and CK18, indicating an increase in the levels of triglycerides
in parallel with the CK18 levels. Such correlation was not found with the increase of body mass index (BMI)
and waist circumference and the increase in CK18 levels. Significantly increased AST, ALT, and GGT levels
were observed in the group of patients with CK18 above 5 ng/mL, compared to the patients in the group with
normal CK18. In our study, the correlation analysis between the level of CK18 and the degree of steatosis and
the stage of fibrosis did not find a statistically significant correlation.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a
public health problem of global significance, affect-
ing approximately one million individuals world-
wide. It is defined as the presence of hepatic steato-
sis in more than 5% of hepatocytes, as determined by
imaging or histological examination, in individuals
consuming little or no alcohol, and in whom a sec-
ondary cause of steatosis has been excluded. Nonal-
coholic fatty liver disease is divided into two main
groups: nonalcoholic fatty liver (NAFL) and nonal-
coholic steatohepatitis (NASH). Nonalcoholic fatty
liver is considered to be the non-progressive form of
NAFLD, with minimal or no progression to cirrho-
sis and no liver-related mortality, while NASH is the
progressive form, leading to the development of fi-
brosis, cirrhosis, hepatocellular carcinoma, and in-
creased liver-related mortality. The active form of
NASH is characterized histologically by the presence
of inflammation and hepatocyte ballooning degen-
eration, which determines the faster progression of
the disease (1-4).

Nonalcoholic fatty liver disease arises from the
interaction of environmental, epigenetic, and genet-
ic factors and is directly related to the presence of in-
sulin resistance. It is associated with the presence of
obesity, type 2 diabetes mellitus (DM), hyperten-
sion, and metabolic syndrome (MetSyn) (5). Because
of the proven association between NAFLD and Met-
Syn, an international panel of experts has proposed
to replace the term non-alcoholic fatty liver disease
with the term metabolic-associated fatty liver disease
(MAFLD) (6). Due to the global obesity epidemic,
NAFLD has emerged as a leading cause of liver-re-
lated morbidity and is predicted to become a major
cause of liver transplantation in the next decade.

A large proportion of patients with NAFLD
do not experience disease progression, only patients
with NASH and advanced fibrosis are at risk of de-
veloping advanced liver disease with complications
(7). Therefore, distinguishing NASH from pure he-
patic steatosis is of great importance in patients with
NAFLD. Still, the gold standard for establishing the
diagnosis of steatohepatitis is histological exami-
nation. Liver biopsy has its well-known limitations.
As a result of the disadvantages of liver biopsy, var-
ious alternative non-invasive biomarkers to identi-

ty patients with NASH and advanced fibrosis from
the general group of NAFLD patients have been in-
tensively investigated and used over the past decade.
There is a lack of non-invasive tests, especially for de-
tecting the presence of inflammation. All non-inva-
sive methods for NAFLD staging are still under in-
vestigation and research, and a universally accepted
international standard is lacking.

Multiple serum biomarkers have been inves-
tigated to predict the presence of NASH. Cytokera-
tin-18 (CK18) is the only validated biomarker, in over
10 studies with more than 1000 patients (8,9). Frag-
ments of CK18 are markers of hepatocyte apoptosis
(M30 fragment) and are formed during cell death
(M65 fragment) as a result of the action of the en-
zyme caspase 3. It is measured by an immunoenzy-
matic method. M30 ELISA measures cleaved caspase
fragment and demonstrates apoptosis, which is char-
acteristic of steatohepatitis, and M65 ELISA is a re-
flection of total cell death.

Apoptosis is a physiological process of pro-
grammed cell death occurring at the cellular level.
Its aim is more effective adaptation of the organism
to its surroundings. Unlike necrosis, which is a path-
ological process and is the result of unfavorable ex-
ternal influences, apoptosis begins intracellularly. It
is associated with numerous biochemical processes
causing irreversible morphological changes—DNA
fragmentation, changes in the cell membrane, chro-
matin condensation and others, incompatible with
the normal functioning and survival of the cell.

As a result of cell death, components of the cel-
lular structure, reflecting the apoptosis that has oc-
curred, enter the plasma. Such are cytokeratins, rep-
resentatives of the intermediate filaments of epi-
thelial cells. Cytokeratin-18 is a specific intermedi-
ate filament of the epithelial cells—liver, sinusoidal,
bile duct cells, but not of mesenchymal cells. It rep-
resents about 5% of the total protein in the liver, exo-
crine pancreas, small intestine, and other tissues. It is
a structural component of the nuclear lamina (10,11).

The first large study by Feldstein and co-au-
thors in 2009 (12) found that circulating serum lev-
els of CK18 above 250 U/mL could be predictive of
the presence of steatohepatitis among patients with
NAFLD. Cytokeratin-18 levels were much higher in
patients with steatohepatitis than in those with sim-
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ple non-progressive steatosis. Many other studies
subsequently confirmed these results, but in a small-
er population. A meta-analysis showed an AUROC of
0.82 with a sensitivity of 78% and a specificity of 86%
(13). The total level of CK18 showed similar accura-
cy in establishing NASH. A pilot Bulgarian study by
Marinova, presented in a dissertation, examined the
level of CK18 in 65 patients, of which 20 had NAFLD;
the rest had chronic hepatitis C (CHC), chronic hep-
atitis B (HCV), and 20 healthy controls (14).

Cytokeratin-18 is the most promising stand-
alone parameter for distinguishing steatosis from
NASH. As a single marker of apoptosis/necrosis
and an indicator of liver inflammation, it is suggest-
ed that CK18 may be applied to differentiate simple
non-progressive steatosis from steatohepatitis, es-
pecially in cases with NAFLD, and is useful to pre-
dict more active and progressive disease and define
the risk groups of patients in whom active treatment
should be initiated. Experience with the use of CK18
in routine practice is lacking, and there is variabil-
ity in the probable cut-off values and their respec-
tive diagnostic accuracy among different studies.
There is no large study among the Bulgarian popula-
tion focusing on the relationship between CK18 and
NAFLD.

AIM

The aim of this article is to analyze the appli-
cation of CK18 as a diagnostic marker of inflamma-
tion in NAFLD and its relevance with anthropomet-
ric parameters, routine laboratory tests, ultrasono-
graphically defined degree of steatosis, and stage of
fibrosis calculated from non-invasive scores.

MATERIALS AND METHODS

A total of 61 individuals were included in the
study. They were examined at the Gastroenterology
Clinic at St. Marina University Hospital in Varna for
the period from June 2021 to May 2022. All patients
were with ultrasonographically proven NAFLD.

Exclusion criteria were the presence of alcohol-
ic liver disease, with anamnestic evidence of absolute
alcohol consumption >20 g per day for women and
>30 g per day for men, evidence of secondary non-
alcoholic steatosis (chronic hepatitis C or B, Wilson’s
disease, autoimmune liver disease, intake of steato-
genic drugs, etc.), presence of functional class III-IV

heart failure according to NYHA, as well as other ac-
companying diseases that would affect the obtained
results. The study was approved by the Research Eth-
ics Committee at MU-Varna with protocol No. 76/
09.08.2018. All patients signed an informed consent
form to participate in the clinical observation.

In all patients complete clinical examination,
including measurement of anthropometric param-
eters—height (cm), body mass (kg) and waist cir-
cumference, laboratory and ultrasound examina-
tion, were performed. Standard laboratory tests were
conducted in the morning on an empty stomach (no
food intake for at least 8 hours before the test). They
included: hematological parameters—hemoglobin,
hematocrit, erythrocytes, leukocytes, platelets; stan-
dard biochemical parameters, incl. blood glucose,
HbAIC, AST, ALT, GGT, AF, total and direct bili-
rubin, cholinesterase, total protein, albumin, CRP,
serum iron, ferritin, lipids—total cholesterol, HDL,
LDL, TG, coagulation status—PI%.

Serum CK18 was studied in all 61 subjects with
evidence of hepatic steatosis, of whom 23 were men
and 38 were women. The mean age of the study
group was 56.19 years, with a minimum age of 28
years and a maximum age of 79 years. We quanti-
tatively measured the levels of total serum CK18 by
the sandwich ELISA method, which uses specific an-
tibodies—anti-human CK18 (Millipore). The tests
were carried out in the Central Clinical Laboratory
of St. Marina University Hospital. The measurement
units of the obtained results were in ng/mL. Accord-
ing to the kit manufacturer’s instructions, a reference
level of 5 ng/mL was taken. The measured mean level
was 3.01+10.42 ng/mL, with a minimum level of 0.1
ng/mL and a maximum level of >80 ng/mL.

All patients underwent a standard ultrasound
examination of the abdominal organs with an Aloka
Prosound Alpha 7 ultrasound machine with a con-
vex transducer with a frequency of 2.2-2.5 MHz. A
complete examination of abdominal organs was car-
ried out—Iliver, gall bladder, pancreas, spleen, kid-
neys, small pelvis, and bowels.

Using specific laboratory parameters and clin-
ical characteristics of the patients, the following
scores were calculated to assess fibrosis: APRI score
(AST to platelet ratio index (APRI)), fibrosis-4 (FIB-
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4), NFS (NAFLD fibrosis score), BARD score, and
AST/ALT ratio.

The present work included various descriptive
and analytical methods based on parametric and
non-parametric tests addressing the research objec-
tives. Descriptive methods, analytical methods, cor-
relation analysis, and regression analysis were used.

RESULTS

The characteristics of the studied group with
CK18 showed an average value of BMI—34.73+7.23,
with a minimum value of 24.8 and a maximum val-
ue of 66.98. The average waist circumference was
115.194£12.83 cm, 119.34+13.01 cm for men, and
112.68+12.21 cm for women (Table 1). Of all 61 pa-
tients examined, 47 (77.04%) had evidence of regis-
tered hypertensive heart disease (HD), and 14 did not
have elevated blood pressure. In 20 patients (32.78%),
type 2 DM was established, respectively 41 patients
(67.22%) had no data for DM. In 8 (13.11%) of the pa-
tients, all 3 acceptance criteria for the presence of
metabolic syndrome were missing, and 1 or 2 risk
factors were present.

of 4.92 mmol/L, and an increase above ULN was ob-
served in 13 patients. Albumin and platelet levels
were within reference limits in all patients.

All patients (n=61) had sonographic evidence
of steatosis, mild in 11 patients, moderate in 23, and
severe in 27. The degree of fibrosis was determined
based on the calculated scores. The determined
FIB-4 in the study group showed a mean value of
1.25+0.69, a minimum of 0.33 and a maximum of
3.33. There were 36 patients with adherent or mild fi-
brosis with a score below 1.3, 22 patients with a mod-
erate fibrosis score between 1.3 and 2.67, and 3 pa-
tients with advanced fibrosis above 2.67. The NAFLD
fibrosis score had a mean value of -1.27+1.44, a mini-
mum of -3.81 and a maximum of 2.58. In the studied
group with absent or mild fibrosis with a score below
-1.45, there were 26 patients (42.7%), in the one with
a moderate fibrosis score between -1.45 and 0.675,
there were 29 patients (47.5%), and in that with ad-
vanced fibrosis, there were 6 patients (9.8%).

Among the studied group, normal CK18 levels
were found in 55 patients (90.17%), and an increase
in CK18 above 5 ng/mL, indicating the presence of

Table 1. Characteristics of patients tested for cytokeratin-18 in terms of age, BMI and abdominal circumference.

‘ Age ‘ BMI ‘ Waist Circumference ‘
Average value 56.19 34.73 115.19 cm
Standard deviation +3.01 +7.23 +12.83 cm
Minimum value 28 24.8 96 cm
Maximum value 79 66.98 146 cm

Laboratory tests in the group showed an in-
crease in ALT above normal in 11 patients, with a
maximum level of 146 U/L and a minimum level of
5 U/L, mean level 32+32.09 U/L. The average level of
AST was 28.78+19.94 U/L, with a maximum of 114
U/L and a minimum of 13.4 U/L. We found AST in-
crease above ULN in 6 patients. Gamma-glutamyl
transferase (GGT) was within ULN and different in
both sexes. The mean level in men was 39.69+22.14
U/L, with a minimum of 12 U/L and maximum of
122 U/L. We observed an increase in only 1 patient.
In women, the mean GGT level was 44.39+43.98 U/L,
with a minimum of 8 U/L and a maximum 178 U/L,
and an increase was observed in 13 patients. The
mean level of triglycerides was 2.13+1.01 mmol/L,
with a minimum of 1.07 mmol/L and a maximum

steatohepatitis, was found in 6 patients (9.83%), of
which 2 males and 4 females (Fig. 1). In CK18 lev-
els above 5 ng/mL (ULN), we accepted a diagnosis of
steatohepatitis.

CK18 above 5 cK18

ng/mL: NASH
10%

B CK18 under 5 ng/mL: NAFL
14 CK18 above 5 ng/mL: NASH
CK18 under 5
ng/mL: NAFL
90%
Fig. 1. Distribution by elevated CK18 levels—NASH/
NAFL.
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Correlation analysis according to the Pearson
method was used to study the relationship between
the clinical parameters and establish the strength
of their influence on cytokeratin levels. The results
of the correlation analysis showed the presence of a
moderately strong positive correlation between the
level of triglycerides and CK18 (r=0.318, p=0.012),
indicating an increase in the levels of triglycerides in
parallel with the CK18 levels. Such a correlation was
not found regarding the increase in BMI and waist
circumference on the one hand and the increase in
CK18 on the other.

The investigated correlation by the Spearman
method between the presence of HD, DM, and Met-
Syn with CK18 levels did not produce significant
results. Type 2 DM 2 was compared to CK18 levels
(rho=0.082, p=0.532), HD was compared to CK18
levels (rho=0.176, p=0.174), and MetSyn was com-
pared to CK18 (rho=-0.107, p=0.414).

Correlation analysis according to the Pearson
method for the AST, ALT, GGT, CRP laboratory pa-
rameters and CK18 did not show significant corre-
lation. We considered this lack of correlation to be
due to the lack of large variation in Ck18 levels in our
study group of patients (n=61). In order to avoid this
circumstance with the help of independent samples
t-test, we divided the patients with tested CK18 into
two groups—those with a normal CK18 levels and a
group with CK18 levels above 5 ng/ml. The purpose
of the analysis was to compare the average measured
levels of AST, ALT, GGT, and CRP between the two
groups (Table 2).

The results showed that for AST the mean
level was 25.9+16.4 U/L for the patients of the first
group with normal CK18, and for the second group
with CK18 above 5 ng/mL, the mean level was
54.93+31.06 U/L. Therefore, significantly increased
AST levels were observed in the second group, and

these differences were statistically significant (t=-
3.729, p=0.001). Regarding ALT, the mean level was
28.2+19.10 U/L for the patients of the first group
with normal CK18, and in the second group with
CK18 above 5 ng/mL, the mean level was significant-
ly higher: 66.63+55,65 U/L. Therefore, significant-
ly increased ALT levels were observed in the second
group, and these differences were statistically signif-
icant (t=-2.958, p=0.004). The average GGT level in
the first group was 39.2+34.3, and in the group with
elevated CK18, it was 74.17+49.97, the difference be-
ing statistically significant (t=-2.266, p=0.027). Only
with regard to CRP levels, there were no statistical-
ly significant differences between the two groups
(t=0.585, p=0.563) (Fig. 2).

AST, ALT, and GGT at normal and elevated CK18

100 ’ ' GGT
ﬂ ALT
- v

A
CK18 under 5
ng/ml

AST

CK18 above 5
ng/ml

Fig. 2. Comparison of the average AST, ALT, and GGT
levels in groups with normal and elevated CK1.8

In order to investigate whether there is a corre-
lation between the CK18 level and the degree of ste-
atosis determined sonographically, we performed a
correlation analysis, which did not show a statistical
significance (rho=0.147, p=0.259).

We performed a correlation analysis between
the CK18 level and the fibrosis scores (FIB-4 index,
APRI, and NAFLD fibrosis score), but we did not es-
tablish a statistically significant correlation. With the
help of independent samples t-test, we again divid-
ed the patients with tested CK18 into two groups—

Table 2. Independent samples t-test comparing the mean levels of AST, ALT, GGT, and CRP between normal and

elevated CK18 groups.
Independent Samples T-Test ‘
t df p

AST Student’s t -3.729 @ 59.0 <.001
ALT Student’s t -2.958 2 59.0 0.004
GGT Student’s t -2.266 59.0 0.027
CRP Student’s t 0.585 30.0 0.563
2 Leveness test is significant (p < .05), suggesting a violation of the assumption of equal variances

Scripta Scientifica Medica, 2023; Online First
Medical University of Varna



Cytokeratin-18 as a Noninvasive Biomarker of Inflammation in Nonalcoholic Fatty Liver Disease

those with a normal CK18 levels and a group with
CK18 above 5 ng/mL, and compared the mean levels
of FIB-4, APRI, and NAFLD fibrosis score between
the two groups. The results showed no statistically
significant difference between the two groups for the
NAFLD fibrosis score (t=0.151, p=0.880) and FIB-4
(t=-1.936, p=0.058). Only for APRI there was a sta-
tistically significant difference established (t=-3.872,
p=0.001).

These data are explained by the fact that, in gen-
eral, in the studied group of patients, those with ad-
vanced fibrosis, determined according to the value of
the fibrosis scores, were a very small proportion. The
majority of patients either had no fibrosis or fell into
the gray area with mild fibrosis. Regarding the APRI
score, the patients were also without significant fi-
brosis, but this score was calculated on the basis of
only two parameters. One of them was AST and, as
we found out, in patients with elevated CK18, there
was also a statistically significant increase in trans-
aminases, which explains the described correlation
with APRIL

DISCUSSION

In our study the correlation analysis used to ex-
amine the correlation between clinical parameters
and establish the strength of their influence on CK18
levels showed a moderately strong positive correla-
tion between the level of triglycerides and CK18, in-
dicating an increase in the levels of triglycerides in
parallel with the CK18 levels. The correlation be-
tween the increase of triglycerides and the inflam-
matory status determined by the CK18 level has led
us to the conclusion that the increased level of tri-
glycerides is associated with a high probability of in-
flammatory processes. No correlation was found re-
garding the increase in BMI and abdominal circum-
ference on the one hand and the increase in CK18 on
the other. Correlation analysis did not give signifi-
cant results for the correlation between the increase
in the CK18 level and the presence of HD, DM, and
MetSyn.

Our study showed significantly increased ALT,
AST, and GGT levels in the group with elevated
CK18 compared to that with normal, and the differ-
ences found were statistically significant. The above-
mentioned results give us reason to assume that the
detection of elevated CK18 is a reliable method to

prove inflammation in NAFLD. Statistically signif-
icant associations were not found between CRP and
CK18 levels.

According to literature data, an increase in
CK18 correlates with a higher degree of fibrosis. In
our study, the correlation analysis between the level
of CK18 and the degree of steatosis and the stage of
tibrosis did not produce a statistically significant re-
sult. These data are explained by the fact that in the
studied group few patients had advanced fibrosis, de-
termined according to the value of the fibrosis scores.
Patients with absent or mild fibrosis predominated.
A larger sample of patients with different liver den-
sities is likely needed to conclude whether elevated
CK18 levels correlate with higher-grade fibrosis. We
conclude that CK18 is a reliable marker of hepatocyte
inflammation in routine practice.

CONCLUSION

The spreading global epidemic of obesity is
leading to a parallel increase in the incidence of
NAFLD, making it a leading cause of liver damage.
It is predicted that NAFLD will soon overtake oth-
er liver diseases in terms of morbidity, mortality, and
become the leading cause of liver transplantation. All
these facts emphasize the importance of making an
adequate diagnosis and staging of NAFLD. There-
fore, there is a need for easily accessible, highly sensi-
tive and specific tests that allow not only the identi-
fication of patients at high risk of aggressive disease
outcome, but also enable the monitoring of disease
progression and therapeutic response. Detection of
elevated serum CK18 as a single non-invasive marker
of hepatocyte necrosis/apoptosis is a reliable method
to determine inflammation in NAFLD.
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