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Serum Cytokeratin-18 as a Non-invasive Biomarker and
its Association with Biochemical Parameters in the
Diagnosis of Non-alcoholic Fatty Liver Disease
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Abstract
Objective: Nonalcoholic fatty liver disease (NAFLD) is one of the chronic silent diseases, in which its therapeutic
options and noninvasive markers of disease activity and severity remain limited. We aimed in this study to assess
cytokeratin-18 (CK18) as a new non-invasive biomarker to distinguish between NAFLD stages and its correlation
with some biochemical parameters.
Methods: A case-controlled study was conducted on a sample of 90 subjects aged 12-79 years, categorized into
three groups (nonalcoholic steatohepatitis "NASH", steatosis, and controls). CK18, fasting blood glucose (FBG),
lipid profile parameters, aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine
were determined. Low-density lipoprotein-cholesterol (LDL-C) and body mass index (BMI) were calculated in
addition to performing a complete blood count (CBC).
Results: The results indicate that the mean level of serum CK18 in NASH cases was significantly higher than in
steatosis and control groups. CK18 has a positive correlation with triglycerides (TG), total cholesterol (TC), ALT,
AST, FBG, urea, creatinine, age, BMI, and LDL-C, and a negative correlation with high-density lipoprotein-
cholesterol HDL-C. Finally, the ROC curve showed that the sensitivity of the CK18 test was 77.1% and the
specificity was 96.6%. The cut-off value for the CK18 test was 161 U/L.
Conclusions: In this study, a significant relationship was observed between CK18, hepatic enzymes, and NAFLD
degrees. CK18 has good accuracy, sensitivity, and specificity in diagnosing NASH.
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Abbreviations: ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
BMI: Body mass index; CBC: Complete blood count; CK18: Cytokeratin-18; FBG: Fasting blood glucose; GGT:
Gamma-glutamyl transferase; HDL-C: High-density lipoprotein-cholesterol; HOMA-IR: Homeostatic Model
Assessment for Insulin Resistance; IR: Insulin resistance; LDL-C: Low-destiny lipoprotein-cholesterol; MAFLD:
Metabolic dysfunction associated-liver disease; NAFLD: Nonalcoholic fatty liver disease; NASH: Non-alcoholic
Steatohepatitis; NPV: Negative predictive value; PPV: Positive predictive value; ROC: Receiver operating
characteristic curve; T2DM: Type 2 diabetes mellitus; TC: cholesterol; x%:Chi-square
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INTRODUCTION
Steatosis (fatty liver) is a buildup of adipose
tissue in the liver cells and an increase of fat amounts
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to over 5% of total liver weight. Non-alcoholic
Steatohepatitis (NASH) develops when fat
accumulation leads to liver inflammation. NASH
can cause serious outcomes like cirrhosis and
hepatocellular carcinoma (1). The prevalence of
fatty liver disease differs from one place to another
due to nutritional habits and sedentary lifestyles
(2). Estimates about the prevalence of fatty liver
disease are 13.5% in Africa, 23.7% in Europe,
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24.1% in North America, 27.4% in Asia, 30.5% in
South America, and 31.8%, which is the highest
number, in the Middle East (3).

Four approaches are needed for NAFLD
diagnosis. First, liver steatosis is identified using
radiation or histopathology. Then, alcohol
consumption, any viral etiologies, and other causes
of chronic liver disease are ruled out, such as
chronic hepatitis B and C, drugs, parenteral feeding,
Wilson’s syndrome,biliary disorders, autoimmune
hepatitis, and malnutrition (4).

Serum signs of inflammation, oxidative stress,
apoptosis, and fibrosis have hardly been identified in
patients suffering from NAFLD (5,6). Screening of
NAFLD with liver biopsy is impractical. There
should be noninvasive alternatives to tackle this
issue and to distinguish between steatosis,
steatohepatitis, and fibrosis. Hepatic enzymes,
which are aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), rise in 90% of
patients suffering from NASH (7,8). Slightly high
serum aminotransferase levels are the major
abnormal findings in patients with NAFLD.
However, liver enzymes may be at normal levels in
up to 78% of patients with NAFLD (9).

Other studies concluded that the enzyme
Gamma-glutamyl transferase (GGT) in the blood is
often elevated in a person suffering from NAFLD
(10,11). Alkaline phosphatase (ALP) also rises
occasionally in NAFLD; therefore, hepatic function
tests cannot give clear results for diagnosing
purposes (12). Additional blood tests are useful for
ruling out other causes of liver disease. These
usually include tests for viral hepatitis (hepatitis A,
B, or C) and may include tests for less common
causes of liver disease.

Histopathology can assess the severity of
inflammation, discover hepatic scarring (fibrosis or,
when severe, cirrhosis), and predict any future
complications. The test is conducted after
collecting a minor sample of hepatic tissue and
delivering it to the laboratory for microscopic
examination and biochemical analysis. Still, a liver
biopsy is the best way to identify early hepatic
injury. Nevertheless, the invasive check technique
remains partially inefficient because of sample
errors and the risk of medical complications. Thus,
examining a biopsy is not an easy process (8,13).

Exploring new biomarkers in NAFLD has been
a topic of great interest and research. Several
possible biomarkers have been examined and
investigated. For instance, the presence of CK18
fragments was studied in patients with NAFLD, who
were diagnosed by hepatic histopathology after a
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biopsy (14,15).

CK18 is classified as a class | cytokeratin. With
partner keratin 8, it makes a filament, which is the
most frequent product of the intermediate filament
gene family. Therefore, these products can be found
in a single layer of epithelial tissues of the human
body (16).

CK18 fragments found in the plasma showed a
significant (P < 0.001) and marked increase in
patients with NASH when compared with those
having steatosis or normal findings (17). Others
conducted further studies on these results. for
instance, in a meta-analysis study, the findings
showed that the CK18 fragment test has a sensitivity
and specificity of 78% and 87%, respectively, for
steatohepatitis and NAFLD (18). Aida et al. were
able to differentiate between NAFLD stages by
using the plasma CK18 fragment, which was
considered a medically valuable biomarker (19).

In another study, serum CK18 has shown a great
specificity for NAFLD and fibrosis; nevertheless, its
narrow sensitivity made screening examination for
NAFLD staging inadequate. Whether or not
performing CK18 tests with additional biomarkers
or laboratory tests may demonstrate beneficial
results requires additional research (20). It has been
reported that hepatocellular carcinoma can be tested
through CK18 biomarkers instead of alpha-
fetoprotein (21).

Another study was performed on 46 subjects
with biopsy-proven NASH (NASH group), 54
subjects with borderline NASH, simple steatosis,
and normal liver tissue (non-NASH group), and 30
age-matched healthy volunteers. The results showed
that the serum level of CK18 was significantly
higher in the NASH group when compared to the
non-NASH group or controls. According to the ROC
curve, the optimal value of CK18 was 487 U/L, with
a sensitivity of 69 % and a specificity of 84.5 % in
detecting NASH. The conclusions that came out
from this study recommended that serum CK18
could be a potential non-invasive diagnostic serum
marker for NAFLD and NASH patients (22).

MATERIALS & METHODS

Study Design

A retrospective  case-control study was
conducted on a target population comprised of
NAFLD patients (case group) in addition to the
control group. The patients were categorized into
two groups: steatosis and NASH. The cases were: 33
cases of steatosis and 28 cases of NASH registered
at the Department of Internal Medicine at Al-Shifa
Hospital and AL Quds Hospital in Gaza City. The
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control group (29 healthy individuals) was randomly
chosen. Cases and controls were matched for age
and gender. A non-probability convenience
sampling method was used.

Sample Collection

Venous blood samples (5 ml) after twelve hours
of overnight fasting were collected from all
participants. 1 ml was placed in an EDTA tube for
CBC, and the remaining was placed into a plain tube
for biochemical analysis.

Eligibility Criteria

Inclusion criteria included patients of both sexes
with NAFLD, who were diagnosed in the hospital,
based on symptoms, biopsy, CT, or Ultrasound.
Exclusion criteria eliminate patients with HBV or
HCV, patients with any other hepatic disease, and
those having any acute or chronic illnesses (severe
kidney disease requiring dialysis, thalassemia,
hemochromatosis, or malignancy).

Data collection

Questionnaire Interview

A face-to-face interview was conducted to fill in
a structured questionnaire designated for cases and
controls to meet the study requirements. The
researcher also explained the unclear questions to
the participants during the interview. Most of the
questions were dichotomous. The questionnaire
included questions on personal information (age,
height, and weight), socioeconomic status, and
medical history.

Sample analysis

The biochemical analysis involved the
determination of serum glucose, which was
performed by using the “GOD-PAP” enzymatic
photometric method (Trinder, 1969). TC, TG, and
HDL-C were measured by commercial analytical
kits (DiaSys, Germany). The "CHOD-PAP" method
was used for the determination of TC (23). The
determination of TG was done by using a
colorimetric enzymatic test using glycerol-3-
phosphate-oxidase  (24). Serum AST  was
determined by L-Aspartate and 2-Oxoglutarate
method (Expert Panel of Enzymes of the IFCC, Clin.
Chem. 24: 497-510, 1986) using AMS, Italy. Serum
ALT was determined by L-Alanine and 2-
Oxoglutarate method (Tietz, N.W., Fundamentals of
Clinical Chemistry, W.B. Saunders Co. Phila., pp
674 & 675,1982). CK18 was determined by using an
ELISA kit (Elabscience, 2017). CBC was performed
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by hematology auto-analyzer CBC [Orphee mythic
18 equipment, Sweden]. Urea was measured
according to Burtis assay using Biosystems Reagent
Kits (Spain). Serum creatinine was determined using
Biosystems Reagent Kits (Spain) and following the
manual instructions described by Fabiny and
Ertingshausen (25). Serum LDL-C was calculated
by using the empirical formula of Friedewald
(Friedewald et al, 1972). A precipitation method
was used for the determination of HDL- HDL-HDL-
Cholesterol (27).

Body mass index

The BMI is defined as the body mass (kg)
divided by the square body height (m?) of an
individual. Height and weight were measured for
each subject, then the BMIwas calculated for each
subject as follows: BMI = body weight in Kg/height
in square meters (unit kg/ m?).

Statistical analysis

Statistical Package for the Social Sciences
(SPSS, version 22) was used for data processing
and analysis. The cross-tabulation and simple
distribution of the study variables were analyzed.
To detect the associations, significance, interactions,
and relations between different  qualitative
variables, the Chi-square (¥?) test was used, and
means of quantitative variables were compared by
an independent sample t-test and one-way ANOVA
test. Pearson correlation test and ROC with PPV and
NPV were performed. The results were agreeable
in all the above-mentioned procedures and
statistically significant when the p-value was less
than 5% (P < 0.05)

RESULTS

General
participants

Table 1 shows that 86.9% of the cases are
smokers compared to 62.1% for the controls; the
difference was statistically significant (P = 0.007).
On the other hand, 72.4% of controls are physically
active compared to 27.9% of cases; the difference
was also statistically significant (P < 0.001).

Regarding the mean age of the study
participants, the mean age of cases was 48.1+15.0,
and that of controls was 41.6+13.6. There was no
statistically significant difference between the cases
and controls regarding age (Table 1)

characteristics of the study



Serum Cytokeratin-18 as a Non-invasive...

Ali Al-Beltaji et al.

Table 1: General characteristics of the study participants.

Cases (61 Controls (29 Total (90

Items No (0(/0) ) No (%g ) No (O(A))) Test P-value
Gender
Male 42(68.8) 18(62.1) 60(66.7) 2 0.523
Female 19(31.2) 11(37.9) 30(33.3) X '
Smoking
Yes 53 (86.9) 18 (62.1) 71 (78.9) 2 0.007
No 8 (13.1) 11 (37.9) 19 (21.1) X '
Physical Activity
Yes 17 (27.9 21 (72.4 38 (42.2
No 44 572.13 8 ((27.6)) 52 557.8; XZ <0.001
Age (mean£SD) 48.1+15.0 41.6+13.6 46.0+14.9 T 0.051

T: Student test; yx%:Chi-square

Clinical characteristics of the study population

Figure 1 shows that the majority of the cases
(93.4%) have hyperlipidemia compared to 10.3% of
the controls; the difference was statistically significant
(P <0.001). 12.9% of the cases have Diabetes Mellitus
(DM) compared to 6.9% for controls, with no
statistically significant difference. Moreover, 42.6% of

the cases have hypertension compared to 10.3% for
controls, and the difference was statistically significant
(P =0.004). On the other hand, the percentage of cases
with a family history of NAFLD was 31.1% in cases
and 10.4% in controls, with a statistically significant
difference (P = 0.032) (Table 2).

Table 2: Clinical characteristics of the study participants.

Cases (61) Controls (29) i

Items No (%) No (%) Test P-value
Hyperlipidemia
Yes 57(93.4) 3(10.3) 9
No 4(6.6) 26(89.7) X <0.001
DM
Yes 14(12.9) 2(6.9)
No 47(77.1) 27(93.1) Y 0.117
Hypertension
Yes 26(42.6) 3(10.3) 2
No 35(57.4) 26(89.7) X 0.004
Family history of NAFLD
Yes 19(31.1) 3(10.4) 2
No 42(68.9) 26(89.6) X 0.032

DM: Diabetes Mellitus; NAFLD: Non-alcoholic fatty liver disease; ¥?:chi-square
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Figure 1: Clinical characteristics of the study participants.

The mean levels of height, weight, and BMI
among the study groups

The cases were classified into two groups
according to the stage of NAFLDnamely steatosis
and NASH. 33 (54%) of the cases were diagnosed
with steatosis, and 28 (46%) of the patients were
diagnosed with NASH. Table 4.3 represents the
mean levels of BMI and weight in steatosis cases

82.1+4.5 Kg/m? & 89.4+14.8 Kg), NASH cases
(36.9£7.0 Kg/m? & 106.9+21.7 Kg), and controls
(25.743.8 Kg/m? & 75.1+15.1 Kg), respectively.
The difference was statistically significant (P <
0.001). Furthermore, there was no statistically
significantdifference in height between the different
groups.

Table 3: The mean levels of height, weight, and BMI among the study groups.

_ Mean + SD F g‘\’;ﬁ!
Variables Controls Steatosis NASH
(n=29) (n=33) (n=28)
BMI (Kg/m?) 25.7+3.8 32.1+4.5" 36.9+7.0% | 32.962 <0.001
Height (Cm) 170.0 £11.3 166.3 £14.3 170.0 £ 8.7 1.047 0.355
Weight (Kg) 751+15.1 89.4 +14.8" 106.9 +21.7% | 23.944 <0.001

BMI: Body mass index; *Significant difference with the control group; *Significant difference with steatosis.

Different biochemical parameters among the
study groups

Table 4 shows that the mean level of serum
CK18 in NASH cases was (247.7+66.3 U/L), which
was higher compared to the mean in steatosis cases
(168.7451.1 U/L) and the controls (94.9+43.1 U/L).
The difference was statistically significant (P <
0.001) (Figure 2).

Moreover, the levels of ALT, AST and FBG in
NASH cases (51.6+53.7 U/L, 61.1+75.0 U/L and
136.8+68.4 mg/dl) were higher when compared to
steatosis cases (29.3+£16.9 U/L, 32.5+13.3 U/L and
121.7£33.7 mg/dl) and controls (17.7+7.0 UI/L,
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20.7£10.4 U/L and 92.7+17.9 mg/dl) and the
difference was statistically significant (P = 0.001,
0.002 and 0.001), respectively (Table 4).

Table 4 also presents the levels of urea and
creatinine in the different groups. The mean levels
of urea in steatosis cases (34.8+7.9 mg/dl), NASH
cases (40.4+£10.9 mg/dl), and controls (29.0+6.6
mg/dl) were statistically significant (P < 0.001). The
mean levels of creatinine in steatosis cases (0.95+0.2
mg/dl), NASH cases (1.07+0.3 mg/dl), and controls
(0.81£ 0.2 mg/dl) were also statistically significant
(P <0.001).
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Table 4: Different biochemical parameters among the study groups.
Mean £ SD Overall
Variables Controls Steatosis NASH F P_value
(n=29) (n=33) (n=28)

CK18U/L 94.9+43.1] 168.7451.17 247.7#66.3"] 56.940, <0.001
ALT U/L 17.7£7.0 29.3+16.9 51.6+53.7%| 8.294 0.001
AST U/L 20.7+£10.4 32.5%13.3 61.1+75.0™ 6.677 0.002
FBG mg/dl 02.7£17.9 121.74#33.7] 136.8+68.4" 7.313 0.001
Urea mg/dl 29.0+6.6 34.8+7.9" 40.4+10.9%| 12.467] <0.001
Creatinine (mg/dl)  0.81+0.2 0.95+0.2" 1.07+0.3" 10.449] <0.001

ALT: Alanine transaminase; AST: Aspartate aminotransferase; CK18: Cytokeratin 18; FBG: Fasting blood
glucose; NASH: Non-alcoholic steatohepatitis; *significant difference with control; *Significant difference with

steatosis.
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Figure 2: The mean levels of CK18 among the study categories.

Lipid profile among the study groups

The results show that steatosis and NASH groups
have higher TC (286.8+62.8 & 368.2+123.5 mg/dl),
TG (186.9+37.8 & 250.9+69.7 mg/dl), and LDL-C
(122.7£30.6 & 254.6+107.9 mg/dl), respectively
compared to the control group, and these differences

were statistically significant (P < 0.001) (Table 5).
HDL-C mean levels are lower in steatosis
(47.3+10.4 mg/dl) and NASH (45.3+15.9 mg/dl)
groups compared to controls (62.1+13.3 mg/dl)
with a statistically significant difference (P <
0.001) (Table 5).

Table 5: The mean levels of lipid profile among the study participants.

Mean + SD
Variables(mg/dl) Controls Steatosis NASH F P-value
(n=29) (n=33) (n=28)
TC (mg/dl) 185.8+31.3 286.8+62.8" 368.2+123.5™ 36.630 | <0.001
TG (mg/dl) 135.7+£25.9 186.9+37.8" 250.9+69.7" 42,133 | <0.001
LDL-C (mg/dl) 122.7+30.6 199.1+67.4" 254.6+107.9" 22.453 | <0.001
HDL-C (mg/dl) 62.1+13.3 47.3+10.4" 45.3+15.9" 14.129  |<0.001

HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TC: Total

cholesterol; TG: Triglycerides. *Significant difference with control; # Significant difference with steatosis.
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WBC, Hb, and PLTs counts among study
groups

Table 6 illustrates that there is no statistical
difference in WBC count (6.8+2.9, 6.7+1.9 &
6.7£2.1 x 10%ul); Hb concentration (11.9+1.5,

11.8+2.0 & and 12.3+1.9 g/dl) and PLTs count
(214.6£77.4, 211.1479.3 & 218.7+72.4 x 10%ul),
between NASH, steatosis, and control groups,
respectively.

Table 6: The mean levels of WBCs, Hb, and PLTs among study groups.

Mean + SD
Variables Controls Steatosis NASH F P-value
(n=29) (n=33) (n=28)
WBCs (103/H|) 6.7+2.1 6.7+1.9 6.8+2.9 0.020 0.980
Hb(g/dl) 12.3+1.9 11.8+2.0 11.9+15 0.624 0.538
PLTs (103/ul) 218.7+72.4 211.1+79.3 214.6+77.4 0.075 0.927

Hb: Hemoglobin; NASH: Non-alcoholic steatohepatitis; PLTs: Platelets; WBCs: White blood cells.

Correlation between CK18 and the different
studied parameters

Table 7 shows the correlation between CK18 and
different clinical parameters. There was a weak
positive correlation between CK18 and age, ALT,

AST, and FBG. The correlation was positive and
moderately strong between CK18 and BMI, TC, TG,
LDL-C, urea, and creatinine. On the other hand,
there was a weak negative correlation between
CK18 and HDL-C.

Table 7: Correlation between CK18 and the different clinical parameters.

. CK18
Variables r PValue

Age 0.235 0.026
Body mass index (BMI) 0.589 <0.001
Triglycerides 0.541 <0.001
Total Cholesterol 0.543 <0.001

ALT 0.246 0.020

AST 0.247 0.019

FBG 0.355 0.001

HDL-C -0.326 0.002
LDL-C 0.444 <0.001
Urea 0.419 <0.001
Creatinine 0.422 <0.001

ALT: Alanine transaminase; AST: Aspartate aminotransferase; CK18: Cytokeratin 18; FBG: Fasting blood
glucose; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol.

The mean CK18 levels according to different
parameters

The following Table 8 shows the mean
difference in CK18 levels according to physical
activity and NAFLD family history. The mean level
of CK18 was higher in participants with a lifestyle
involving no physical activity (195.0 + 77.0 U/L)

86

compared to those with a lifestyle involving physical
activity (134.6+74.3 U/L), and the difference was
statistically significant (P < 0.001). The mean
CK18 level of participants with NAFLD family
history was 191.2 + 79.9 U/L compared to 162.1+
80.9 U/L in those with no NAFLD family history,
with no statistically significant difference.
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Table 8: The mean CK18 levels according to different parameters.

Variable CK18 (UlL) t-Test P-value
mean + SD
Physical activity
Yes (38) 134.6+74.3
No (52) 195.0477.0 3.735 <0.001
NAFLD Family history
Yes (23) 191.2+£79.9
No (67) 162.1 +80.9 1.494 0.139
CK18: Cytokeratin 18; NAFLD: Non-alcoholic fatty liver disease.
Youden index cut-off points, sensitivity, 0.921 (P< 0.0001), and sensitivity and specificity
specificity, NPV, and AUC of CK18 for were 77.1% & 96.6%, respectively. A positive

predicting NAFLD

Table 9 shows the cut-off points of CK18 for
diagnosing NAFLD. The cut-off value for CK18
was 161 U/L, the area under the curve (AUC) was

predictive value (PPV) was 97.7%, while a negative
predictive value (NPV) was 66.7%, and the
accuracy was 83.3%.

Table 9: Youden index cut-off points, sensitivity, specificity, NPV, and AUC of CK18 for predicting NAFLD.

Cut-off Cut-off
. NAFLD | Controls point point dii o o o on] AUC |
Biomarker (n=61) (n=29) (UIL)of | (UIL) of Sensitivity %o/Specificity %PPV %NPV %|Accuracy % (95%Cl) P-value
steatosis NASH
CcK 18 14 28 <161 <195 0.921
L) 7 1 161 > 195 77.1 96.6 97.9 | 66.7 83.3 (0.84- [<0.0001
0.97)
DISCUSSION participated in the current study was 48.1 + 15.0

NAFLD is a complex metabolic condition that
has been around for a while and has been linked to
other metabolic illnesses, including obesity and type
2 diabetes (T2DM) (28). Generally, insulin
resistance-induced hepatic lipogenesis is thought to
be the precursor of NAFLD. The risk of
consequences such as cardiovascular disease
(CVD), chronic kidney disease (CKD), and an
increase in overall mortality rises as NAFLD
worsens from simple steatosis to NASH, cirrhosis,
and hepatocellular carcinoma (HCC) (29).

Because of the observed relation between
metabolic  dysfunction and NAFLD, some
researchers suggested that NAFLD should be
renamed as “metabolic dysfunction-associated liver
disease” (NAFLD). MAFLD can be diagnosed by
the presence of hepatic steatosis, obesity, DM, and
metabolic dysfunction, which is characterized by:
waist circumference greater than 102 centimeters
(cm) in males and 88 cm in females, blood pressure
greater than 130/85 mmHg, TG content above 1.70
mmol/L, HDL-C content less than 1 mmol/L in
males and less than 1.3 mmol/L in females,
prediabetes, insulin resistance scores (HOMA-IR)
greater or equal to 2.5, or C-reactive protein levels
above 2 mg/L (30).

The mean age of NAFLD cases who
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years, with no statistically significant difference
compared to the control group. The age of 65.5% of
the cases was more than 40 years. This is consistent
with the study showing that the prevalence of
NAFLD increases with age, and the peak prevalence
of NAFLD is between 40-60 years old (31). Our
results do not agree with those of (32) who showed
that most patients were young (30-41 years old), and
the least frequent cases were witnessed among
individuals 50 years of age. This may be explained
by the lifestyles of different populations.

Lack of physical activity may be a risk factor for
NAFLD, which is illustrated in this study by the high
number of cases who did not participate in any
physical activities. This agrees with the results of
two studies, which showed that NAFLD patients had
low levels of physical activity (33,34). Increased
physical activity is highly helpful in the management
of NAFLD (35,36). The study also demonstrates
that smoking may be a significant risk factor for
NAFLD, which is consistent with other studies
(37,38).

A statistically significant positive relationship
between hypertension and NAFLD has been shown
previously (39), in addition to other studies that
showed that the percentage of cases with
hypertension was greater in patients with NAFLD
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than those without NAFLD (40-42). Those
outcomes are consistent with our results, which
revealed that the percentage of cases with
hypertension is significantly higher than the
controls.

Despite that the percentage of cases with DM is
higher compared to the control group, the difference
was not statistically significant (P = 0.117). A cohort
study confirmed that NAFLD is a strong risk factor
for developing DM in middle-aged healthy Japanese
men (43). Furthermore, others found that the highest
prevalence of NAFLD in Iranian adults was among
patients with  T2DM, which was as high as 55.8%
(44). NAFLD can be viewed as a good predictor for
the clustering of risk factors for metabolic
syndrome, and T2DM patients have an increased
risk of progression to NAFLD (45). In a study done
by Zheng et al., it was shown that NAFLD was an
independent risk factor for the development of DM
among Japanese, and the study demonstrated that the
risk of developing DM in the NAFLD participants
was higher than that of the non-NAFLD participants
(46).

A common feature of NAFLD is the presence of
insulin resistance (IR). The mechanism by which IR
can affect NAFLD is not completely understood.
One hypothesis suggested that NAFLD decreases
the level of adiponectin, which is known to enhance
insulin sensitivity. Adiponectin decreases IR by
inhibiting the secretion of inflammatory cytokines
like TNF-o and IL-18 (47). IL-18 is involved in
hepatic cell injury, and its inhibition will prevent the
destruction and dysfunction of liver cells.

Moreover, the present study demonstrated a
statistically significant increase in the level of FBG
in the two case groups compared to the control
group. This is compatible with another research, in
which a total of 66 individuals out of the 100 had
insulin resistance, and there was a significant
correlation between insulin resistance and raised
fasting blood sugar or fasting plasma insulin values.
The chance of developing NAFLD is high if the
participants have insulin resistance, or vice versa.
There was an increased prevalence of prediabetes
and diabetes in the subjects with NAFLD (48,49).

In the etiology of NASH, excess dietary
carbohydrates and fatty acids from adipose tissue or
de novo lipogenesis in the presence of IR play a key
role (50). Through a multi-enzyme mechanism,
excess carbohydrates are transformed into fatty
acids. The high levels of fatty acids can cause the
production of lipotoxic agents, which lead to
endoplasmic  reticulum  stress, mitochondrial
dysfunction, hepatocellular injury, inflammation,
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and apoptosis. Several factors regulate the response
of hepatic cells to lipotoxic stress, like gut
microbiome, cholesterol, uric acid, and periodic
hypoxia (51). One of the important factors in the
pathogenesis of NAFLD is visceral adiposity. The
adipose tissue secretes TNF-a and IL-6, which are
pro-inflammatory cytokines. Several studies proved
that a high level of TNF-a is positively associated
with the severity of steatohepatitis and fibrosis. It
was shown that increased lipolysis of visceral fat can
be caused by insulin resistance through reducing
glucose uptake into muscle cells (52).

Hyperlipidemia cases in our study were higher
compared to the control group, with a significant
difference (P < 0.001). The findings of Sen and his
researchers are in agreement with our results, as their
study stated that an abnormal lipid profile was
prevalent among patients with NAFLD (53). In
addition, another study showed that the prevalence
of hyperlipidemia in the non-NAFLD group was
significantly lower than in the NAFLD group (54).
Family history of NAFLD might be a significant risk
factor in causing NAFLD, as it is shown by the
results of our study. Benedict and his colleagues
found a link between the disease and the presence of
genes causing an increase in the level of TG in the
body (55).

Here, the levels of TC, TG, and LDL-C were
higher in steatosis and NASH cases compared with
the control group, and the differences were
statistically significant. Moreover, the levels in the
NASH group were significantly higher than in the
steatosis one. On the other hand, HDL-C values
decreased in steatosis and NASH cases compared to
controls, with statistically significant differences.
The same results were observed in studies conducted
by (49). These findings recognize dyslipidemia as a
risk factor for NAFLD.

Obesity is an independent risk factor for NAFLD
occurrence. A previous research showed that obesity
increased the risk of NAFLD by 3.5 folds (56). The
obesity-mediated NAFLD risk is caused by
increased IR and inflammation. Obesity is directly
linked to inflammation via TNF-a, which increases
IR. The multiplication of M1 macrophages, which
secrete pro-inflammatory biomarkers such as 1L-6
and TNF-a, is one mechanism by which increasing
adipose tissue in the liver causes increased
inflammation and IR. Downstream signaling
cascades have been connected to IR, and these
biomarkers trigger them (57).

Kosasih and his colleagues presented consistent
results with our findings, in which the body mass
index and weight values in NASH cases were
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significantly higher than those in steatosis and
controls. In a recent study, high BMI was found as
an independent risk factor for the incidence of
NAFLD, and also the researchers found that high TG
levels were a risk factor in the high-BMI group.
They concluded that TG contributes about 25% to
the appearance of NAFLD in obese individuals (58).

CK18 is considered the most widely used
indicator for NAFLD. Several scientists used CK18
as a direct indicator of NAFLD and for adverse
effects on health (59,60). Our work revealed that the
mean level of CK18 increases significantly with the
progression of the disease. Levels in NASH cases
(247.7£66.3 U/L) were higher than those in
steatosis cases (168.7#51.1 U/L) and those of
controls (94.9+43.1 U/L). These findings were
compatible with those reported by others (61). In
another study, the researchers concluded that CK18
is a suitable non-invasive indicator for NAFLD (62).
It was noted that, CK18 serum levels increased in the
high fructose drinking group, and the reliability of
CK18 as a biomarker for noninvasive evaluation of
liver cell death in metabolic syndrome was
suggested (63).

An increase in ALT and AST levels with
significant differences for NASH compared to
steatosis and control groups is shown in our work.
Two studies have found that AST and ALT were
raised in 90% of patients suffering from NASH
(7,8), while a significant relationship was observed
between hepatic enzymes ALT, AST, and NAFLD
degrees (49). However, the repetitive determination
of transaminases (ALT/AST) is not suitable for
evaluating fibrosis and first-stage steatosis or for
differentiating between simple steatosis and
steatohepatitis (9,11).

Creatinine and urea levels were generally within
normal range in this study, but significantly higher in
NASH compared to steatosis and control participants.
In addition, steatosis had a significant increase in these
parameters compared to controls. The association of
NAFLD with renal function was determined by other
studies (64), as cases with fibrotic NAFLD are at high
risk of kidney function impairment.

Levels of serum creatinine were analyzed in
1412 Chinese adults. NAFLD was associated with
impairment of kidney function. The most striking
finding of this study is that NAFLD is inversely
associated with kidney function (65).

A weak positive correlation between CK18 and
age, ALT, AST, and FBG was observed, while the
correlation was positive and moderately strong
between CK18 and BMI, TC, TG, LDL-C, urea,
and creatinine. On the other hand, there was a
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negative weak correlation between CK18 and HDL-
C. The same results wereindicated for lipid profile
tests, BMI, AST, and ALT (8).

Our data indicated that the mean of CK18 in
individuals who do physical activity was
significantly lower compared to those who do not. In
a study conducted in 2012, they concluded that
physical activity reduces a circulatory marker of
hepatocyte apoptosis in individuals with NAFLD
(66). Recently, it has been found that simple
resistance exercise decreased CK18 and FGF21
levels in NAFLD patients (67).

ROC curve results showed that the sensitivity of
the CK18 test is 77.1% and specificity is 96.6%, and
the cut-off value for the CK18 test is 161 U/L. This
result agrees with those indicated by a study
conducted by Maher et al, which showed that the
ROC curve diagnostic performance of CK18 in
diagnosing NASH had a cutoff value of >240 U/L,
with sensitivity of 76.7% and specificity of 95.0%.
CK18 was found to correlate with disease severity
assessed by the NAS scoring system with P =0.001
(68). Also, pooled sensitivity and specificity values
for chosen serum markers for diagnosing NASH are
as follows: CK18 (M30), 0.75 and 0.77; CK18
(M65), 0.71and 0.77, respectively (15). Others
indicated that, for diagnosis of NASH, CK18
levels should be more than 395 U/L with
sensitivity, specificity, PPV, and NPV values of
85.7, 99.9, 99.9, and 85.7, respectively (17).

CONCLUSIONS:

In the present study, we proposed that CK18 is a
suitable biomarker for NAFLD diagnosis.
Therefore, it is very important to understand and
identify novel biomarkers specific to different stages
of NAFLD. Genetic markers, such as circulating
noncoding RNAs and extracellular vesicles, might
be promising alternative biomarkers for NAFLD.
Therefore, these potential new biomarkers should be
further improved and validated in diverse
populations. A significant relationship was observed
between CK18 with hepatic enzymes and NAFLD
degrees. CK18 has good accuracy, sensitivity, and
specificity in diagnosing NASH. More research is
needed to combine biochemical markers in the
diagnosis of NAFLD and staging.

FUNDING: This research received no external
funding.

INSTITUTIONAL REVIEW BOARD
STATEMENT: “The study was conducted by the
Declaration of Helsinki and approved by the



Serum Cytokeratin-18 as a Non-invasive...

Ali Al-Beltaji et al.

Institutional Review Board (or Ethics Committee) of
the Palestinian Health Research Council (protocol
code PHRC/HC/575/19, date of approval 17-6-
2019).”

Informed Consent Statement: “Informed
consent was obtained from all subjects involved in
the study.”

Acknowledgments: Special thanks to the staff

REFERENCES

1. Vanni E, Mezzabotta L, Bugianesi E. NAFLD, and
hepatocellular carcinoma: How big a problem is
this? Curr Hepat Rep. 2014; 13(2).

2. Sayiner M, Koenig A, Henry L, Younossi ZM.
Epidemiology of Nonalcoholic Fatty Liver Disease
and Nonalcoholic Steatohepatitis in the United
States and the Rest of the World. Clin Liver Dis.
2016 May; 20(2): 205-14.

3. Younossi Z, Anstee QM, Marietti M, Hardy T,
Henry L, Eslam M, et al. Global burden of NAFLD
and NASH: trends, predictions, risk factors, and
prevention. Nat Rev Gastroenterol Hepatol. 2018
Jan; 15(1): 11-20.

4. Chalasani N, Younossi Z, Lavine JE, Diehl AM,
Brunt EM, Cusi K, et al. The diagnosis and
management of non-alcoholic fatty liver disease:
Practice Guideline by the American Association for
the Study of Liver Diseases, American College of
Gastroenterology, and the American
Gastroenterological Association. J. Hepatol.2012
Jun; 55(6): 2005-23.

5. Fitzpatrick E. Noninvasive biomarkers in non-
alcoholic fatty liver disease: Current status and a
glimpse of the future. World J Gastroenterol. 2014;
20(31): 10851.

6. Singh SP, Barik RK. Noninvasive Biomarkers in
Nonalcoholic Fatty Liver Disease: Are We There
Yet? J Clin Exp Hepatol. 2020 Jan; 10(1): 88-98.

7. AjmeraV, Perito ER, Bass NM, Terrault NA, Yates
KP, Gill R, et al. Novel plasma biomarkers
associated with liver disease severity in adults with
nonalcoholic fatty liver disease. J. Hepatol.2017
Jan; 65(1): 65-77.

8. Kosasih S, Zhi Qin W, Abdul Rani R, Abd Hamid
N, Chai Soon N, Azhar Shah S, et al. Relationship

90

of the Ministry of Health/Gaza for their assistance
and active participation. Also, we appreciate the
efforts and high-quality work of all medical
laboratory scientists in Ibn Alhytham labs- Gaza
city/ Palestine

Conflicts of Interest: “The authors declare no
conflict of interest.”

between Serum Cytokeratin-18, Control
Attenuation Parameter, NAFLD Fibrosis Score,
and Liver Steatosis in Nonalcoholic Fatty Liver
Disease. Int J Hepatol. 2018 Sep; 2018: 1-9.

9. Mikolasevic I, Orlic L, Zaputovic L, Racki S,
Cubranic Z, Anic K, et al. The usefulness of liver
test and controlled attenuation parameter in the
detection of nonalcoholic fatty liver disease in
patients with chronic renal failure and coronary
heart disease. Wien Klin Wochenschr. 2015 Jun;
127(11-12): 451-8.

10. Ruhl CE, Everhart JE. Elevated Serum Alanine
Aminotransferase and y-Glutamyltransferase and
Mortality in the United States Population. J.
Gastroenterol.2009 Feb; 136(2): 477-485.e11.

11. Haring R, Wallaschofski H, Nauck M, Dérr M,
Baumeister SE, Volzke H. Ultrasonographic
hepatic steatosis increases prediction of mortality
risk from elevated serum gamma-glutamyl
transpeptidase levels. J. Hepatol.2009 Nov; 50(5):
1403-11.

12. Pantsari MW, Harrison SA. Nonalcoholic Fatty
Liver Disease Presenting With an
Elevated Alkaline  Phosphatase. J
Gastroenterol. 2006 Aug; 40(7): 633-5.

13. Khalifa A, Rockey DC. The utility of liver biopsy
in 2020. Curr Opin Gastroenterol. 2020 May;
36(3): 184-91.

14. Bedossa P. Histological Assessment of NAFLD.
Dig Dis Sci. 2016 May; 61(5): 1348-55.

15. He L, Deng L, Zhang Q, Guo J, Zhou J, Song W,
et al. Diagnostic value of CK-18, FGF-21, and
related biomarker panel in nonalcoholic fatty liver

Isolated
Clin

disease: A systematic review and meta-analysis.
Vol. 2017, Biomed Res. Int.2017.



Serum Cytokeratin-18 as a Non-invasive...

Ali Al-Beltaji et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bragulla HH, Homberger DG. Structure and
functions of keratin proteins in simple, stratified,
keratinized, and cornified epithelia. J Anat. 2009
Apr; 214(4): 516-59.

Wieckowska A, Zein NN, Yerian LM, Lopez AR,
McCullough AJ, Feldstein AE. In vivo assessment
of liver cell apoptosis as a novel biomarker of
disease severity in nonalcoholic fatty liver disease.
J. Hepatol.2006 Jul; 44(1): 27-33.

Musso G, Gambino R, Cassader M, Pagano G.
Meta-analysis: Natural history of non-alcoholic
fatty liver disease (NAFLD) and diagnostic
accuracy of non-invasive tests for liver disease
severity. Ann Med. 2011 Dec; 43(8): 617—49.
Aida Y, Abe H, Tomita Y, Nagano T, Seki N,
Sugita T, et al. Serum cytokeratin 18 fragment
level as a noninvasive biomarker for non-alcoholic
fatty liver disease. Int J Clin Exp Med. 2014; 7(11):
4191-8.

Cusi K, Chang Z, Harrison S, Lomonaco R, Bril F,
Orsak B, Limited value of plasma
cytokeratin-18 as a biomarker for NASH and

et al.

fibrosis in patients with non-alcoholic fatty liver
disease. J Hepatol. 2014 Jan; 60(1): 167—74.
Ismail SA, El Saadany S, Ziada DH, Zakaria SS,
Mayah WW, Elashry H, et al. Cytokeratin-18 in
Diagnosis of HCC in Patients with Liver Cirrhosis.
Asian Pac J Cancer Prev. 2017; 18(4): 1105-11.
Habib A, Awad M, Shaheen D, Eldeen SS-,
Younes S. Original Article Value of Cytokeratin-
18 as a non-invasive diagnostic biomarker of non-
alcoholic steatohepatitis ( NASH ) is nonalcoholic
fatty liver ( NAFL ) and non-action of liver
enzymes, the diagnostic ultrasound- Steato Test (
ST) 8. The balance b. 2019; 3(2).

Meiattini F, Prencipe L, Bardelli F, Giannini G,
Tarli P. The 4-hydroxybenzoate/4-
aminophenazone chromogenic system is used in
the enzymic determination of serum cholesterol.
Clin Chem. 1978 Dec; 24(12): 2161-5.

Fossati P, Prencipe L. Serum triglycerides
determined colorimetrically with an enzyme that
produces hydrogen peroxide. Clin Chem. 1982

91

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Oct; 28(10): 2077-80.

Fabiny DL, Ertingshausen G. Automated
Reaction-Rate Method for Determination of Serum
Creatinine with the CentrifiChem. Clin Chem.
1971 Aug; 17(8): 696-700.

Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without the use
of the preparative ultracentrifuge. Clin Chem. 1972
Jun; 18(6): 499-502.
Grove TH. Effect of
determination  of  high-density  lipoprotein
cholesterol by precipitation with  sodium
phosphotungstate-magnesium. Clin Chem. 1979
Apr; 25(4): 560-4.

Dharmalingam M, Yamasandhi Pg. Nonalcoholic
fatty liver disease and Type 2 diabetes mellitus.
Indian J Endocrinol Metab. 2018; 22(3): 421.
Zarghamravanbakhsh P, Frenkel M, Poretsky L.
Metabolic  causes and consequences  of
nonalcoholic fatty liver disease (NAFLD). Metab
Open. 2021 Dec; 12: 100149.

Lin S, Huang J, Wang M, Kumar R, Liu Y, Liu S,
et al. Comparison of MAFLD and NAFLD
diagnostic criteria in the real world. Liver Int. 2020
Sep; 40(9): 2082-9.

Hu FB. Globalization of Diabetes. Diabetes Care.
2011 Jun; 34(6): 1249-57.

Somi MH, Fatahi E, Panahi J, Havasian MR,
Judaki A. Data from a randomized and controlled

reagent pH on the

trial of L-Carnitine prescription for the treatment
of Non-alcoholic liver disease. J. Bioinform. 2014
Sep; 10(9): 575-9.

St. George A, Bauman A, Johnston A, Farrell G,
Chey T, George J. Independent effects of physical
activity in patients with nonalcoholic fatty liver
disease. J. Hepatol. 2009 Jul; 50(1): 68-76.
Gerber L, Otgonsuren M, Mishra A, Escheik C,
Birerdinc A, Stepanova M, et al. Non-alcoholic
fatty liver disease (NAFLD) is associated with low
levels of physical activity: a population-based
study. Aliment Pharmacol Ther. 2012 Oct; 36(8):
772-81.



Serum Cytokeratin-18 as a Non-invasive...

Ali Al-Beltaji et al.

35.

36.

37.

38.

39.

40.

41.

42.

Hashemi Kani A, Alavian SM, Haghighatdoost F,
Azadbakht L. Diet Macronutrients Composition in
Nonalcoholic Fatty Liver Disease: A Review on
the Related Documents. Hepat Mon. 2014 Feb;
14(2).

Nseir W, Hellou E, Assy N. Role of diet and
lifestyle changes in nonalcoholic fatty liver
disease. World J Gastroenterol. 2014 Jul; 20(28):
9338-44.

Okamoto M, Miyake T, Kitai K, Furukawa S,
Yamamoto S, Senba H, et al. Cigarette smoking is
a risk factor for the onset of fatty liver disease in
nondrinkers: A longitudinal cohort study.
Vinciguerra M, editor. PLoS One. 2018 Apr;
13(4): e0195147.

Akhavan Rezayat A, Dadgar Moghadam M,
Ghasemi Nour M, Shirazinia M, Ghodsi H,
Rouhbakhsh Zahmatkesh MR, et al. Association
between smoking and non-alcoholic fatty liver
disease: A systematic review and meta-analysis.
SAGE Open Med. 2018 Jan; 6: 205031211774522.
Oikonomou D, Georgiopoulos G, Katsi V, Kourek
C, Tsioufis C, Alexopoulou A, et al. Non-alcoholic
fatty liver disease and hypertension: prevalent or
correlated? Eur J Gastroenterol Hepatol. 2018 Sep;
30(9): 979-85.

Kitade H, Chen G, Ni Y, Ota T. Nonalcoholic Fatty
Liver Insulin  Resistance:
Insights and Potential New Treatments. Nutrients.
2017 Apr; 9(4): 387.

Miele L, Dall’Armi V, Cefalo C, Nedovic B,
Arzani D, Amore R, et al. A case—control study on
the effect of metabolic gene polymorphisms,

Disease and New

nutrition, and their interaction on the risk of non-
alcoholic fatty liver disease. Genes Nutr. 2014
Mar; 9(2): 383.

Lopez-Suérez A, Guerrero JMR, Elvira-Gonzalez
J, Beltran-Robles M, Cafias-Hormigo F,
Bascufiana-Quirell A. Nonalcoholic fatty liver
disease is associated with blood pressure in
hypertensive and nonhypertensive individuals
from the general population with normal levels of

alanine aminotransferase. Eur J Gastroenterol

92

43.

44,

45.

46.

47.

48.

49.

50.

51.

Hepatol. 2011 Nov; 23(11): 1011-7.

Shibata M, Kihara Y, Taguchi M, Tashiro M,
Otsuki M. Nonalcoholic Fatty Liver Disease Is a
Risk Factor for Type 2 Diabetes in Middle-Aged
Japanese Men. Diabetes Care. 2007 Nov; 30(11):
2940-4.

Bagheri Lankarani K, Ghaffarpasand F, Mahmoodi
M, Lotfi M, Zamiria N, Heydari ST, et al. Non
Alcoholic Fatty Liver Disease in Southern Iran: A
Population Based Study. Hepat Mon. 2013 May;
13(5).

Scapaticci S, D’Adamo E, Mohn A, Chiarelli F,
Giannini C. Non-Alcoholic Fatty Liver Disease in
Obese Youth With Insulin Resistance and Type 2
Diabetes. Front Endocrinol (Lausanne). 2021 Apr;
12.

Zheng X, Cao C, He Y, Wang X, Wu J, Hu H.
Association between nonalcoholic fatty liver
disease and incident diabetes mellitus among
Japanese: a retrospective cohort study using
propensity score matching. Lipids Health Dis.
2021 Dec; 20(1): 59.

Polyzos SA, Toulis KA, Goulis DG, Zavos C,
Kountouras J. Serum total adiponectin in
nonalcoholic fatty liver disease: a systematic
review and meta-analysis. Metab. 2011 Mar;
60(3): 313-26.

Suresh S, Rajanbabu B, Veetil V, Hussain A,
Veetil J. A study on the altered glycemic and lipid
parameters and prevalence of insulin resistance in
nonalcoholic fatty liver disease. J Fam Med Prim
Care. 2018; 7(1).
Mansour-Ghanaei R, Mansour-Ghanaei F,
Naghipour M, Joukar F. Biochemical markers and
lipid profile in nonalcoholic fatty liver disease
patients in the PERSIAN Guilan cohort study
(PGCS), Iran. J Fam Med Prim Care. 2019; 8(3).
Grefhorst A, van de Peppel IP, Larsen LE, Jonker
JW, Holleboom AG. The Role of Lipophagy in the
Development and Treatment of Non-Alcoholic
Fatty Liver Disease. Front Endocrinol (Lausanne).
2021 Feb; 11.

Neuschwander-Tetri BA. Non-alcoholic fatty liver



Serum Cytokeratin-18 as a Non-invasive...

Ali Al-Beltaji et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

disease. BMC Med. 2017 Dec; 15(1): 45.

Giby VG, Ajith TA. Role of adipokines and
peroxisome proliferator-activated receptors in
nonalcoholic fatty liver disease. World J Hepatol.
2014; 6(8): 570.

Sen A, Kumar J, Misra RP, Uddin M. Lipid profile
of patients having non-alcoholic fatty liver disease
as per ultrasound findings in north Indian
population: A retrospective observational study. J
Med Allied Sci. 2013; 3(2): 59-62.

Hu X, Huang Y, Bao Z, Wang Y, Shi D, Liu F, et
al. Prevalence and factors associated with
nonalcoholic fatty liver disease in Shanghai work-
units. BMC Gastroenterol. 2012 Dec; 12(1): 123.
Benedict M, Zhang X. Non-alcoholic fatty liver
disease: An expanded review. World J Hepatol.
2017; 9(16): 715.

Li L, Liu D-W, Yan H-Y, Wang Z-Y, Zhao S-H,
Wang B. Obesity is an independent risk factor for
non-alcoholic fatty liver disease: evidence from a
meta-analysis of 21 cohort studies. Obes Rev. 2016
Jun; 17(6): 510-9.

Tanase DM, Gosav EM, Costea CF, Ciocoiu M,
Lacatusu CM, Maranduca MA, et al. The Intricate
Relationship between Type 2 Diabetes Mellitus
(T2DM),  Insulin  Resistance  (IR), and
Nonalcoholic Fatty Liver Disease (NAFLD). J
Diabetes Res. 2020 Aug; 2020: 1-16.

Xing J, Guan X, Zhang Q, Chen S, Wu S, Sun X.
Triglycerides Mediate Body Mass Index and
Nonalcoholic Fatty Liver Disease: A Population-
Based Study. Obes Facts. 2021; 14(2): 190-6.
Kawanaka M, Nishino K, Nakamura J, Urata N,
Oka T, Goto D, et al. Correlation between serum
cytokeratin-18 and the progression or regression of
non-alcoholic fatty liver disease. Ann Hepatol.
2015 Nov; 14(6): 837-44.

Zhou J-H, Cai J-J, She Z-G, Li H-L. Noninvasive
evaluation of nonalcoholic fatty liver disease:
Current evidence and practice. World J
Gastroenterol. 2019 Mar; 25(11): 1307-26.

93

61.

62.

63.

64.

65.

66.

67.

68.

Xue L, Lu X, He J, Zhang T, Wu X, Zhang Y, et
al. Serum CK 18-M30 reflects liver pathological
severity during NAFLD progression in a rat model.
Pathol - Res Pract. 2018 Nov; 214(11): 1778-86.
Arab JP, Hernandez-Rocha C, Morales C, Vargas
JI, Solis N, Pizarro M, et al. Fragmento sérico de
citoqueratina-18 como marcador no invasivo de
esteatohepatitis no alcoholica en poblacion
chilena. Gastroenterol Hepatol. 2017 Jun; 40(6):
388-94.

Bratoeva K, Nikolova S, Merdzhanova A,
Stoyanov G St., Dimitrova E, Kashlov J, et al.
Association Between Serum CK-18 Levels and the
Degree of Liver Damage in Fructose-Induced
Metabolic Syndrome. Metab Syndr Relat Disord.
2018 Sep; 16(7): 350-7.

Pais R, Bourron O. Fatty liver and renal function
impairment — Time for awareness? J Hepatol. 2018
Jan; 68(1): 13-5.

Li G, Shi W, Hu H, Chen Y, Liu L, Yin D.
fatty with
impairment of kidney function in nondiabetes
population. Biochem Medica. 2012; 92-9.

Fealy CE, Haus JM, Solomon TPJ, Pagadala M,
Flask CA, McCullough AJ, et al. Short-term
exercise reduces markers of hepatocyte apoptosis
in nonalcoholic fatty liver disease. J Appl Physiol.
2012; 113(1).

Takahashi A, Abe K, Fujita M, Hayashi M, Okai
K, Ohira H. Simple resistance exercise decreases
cytokeratin 18 and fibroblast growth factor 21
levels in patients with nonalcoholic fatty liver
disease. Medicine (Baltimore). 2020 May; 99(22):
€20399.

Maher MM, Ibrahim WA, Saleh SA, Shash L,
Abou Gabal H, Tarif M, et al. Cytokeratin 18 as a
noninvasive marker in the diagnosis of NASH and
its usefulness in correlation with disease severity in
Egyptian patients. Egypt J Med Hum Genet. 2015
Jan; 16(1): 41-6.

Nonalcoholic liver associated



Serum Cytokeratin-18 as a Non-invasive... Ali Al-Beltaji et al.

s e b Ailaond) ldeall by Riala 6 dinslsn LblaS 18- (uilySsiun
Aeasl) gr 2l sl

T4l G jle P bbdl e d Al Lo

Othadd (53¢ ¢ Uad Al Aaalal (dpiall Akall slal) o
SO eolee cdia ) dmalal) castall S (dypall Lylall aglall aud®

adld)
Al e bl Radlall 4l e s Liakall Zishall Gabal) anl 4 Jsal) e adl 2K (ia e siog
G 5aS 18-Sl out M Ahll o3 & Lhoa 22l Bagane diadig (rayall Jalis (e RS Lgaladiad (Ko )
Al Ll Ciladed) Gany ablily Jsasll e Jadll a€l) age dabe (g udll Al e s

ds w79 512 co atjlecl 2550138 90 (1 Cilln die e 2als&l 5 cVal dal s (e Audall 020 il 23 Sl
& Al e sendlly ¢ (b GEE padie iape o Jsall e el 2 el (ame Slegana D Y pghiss
YD Cpndl AU ) () CadY) AL i) ARl (osa ) ¢l pall 8 568l 0188l Ciligins (ol
(el aal) and ) () ALY aual) ABS jdga g A (adiie g ponll (giuse lusn & (uanb g Lol

OIS oSl e adl 280 Gl s ol Jean 8 18~ Ssind) (5inne Jausgia of ) ) s sl
A a) ¢ M) Jg el o) pa 18- S5l (s Alad 3DAe 2y Alalal) e ganally o) GSED (o SIS e
O ssally puen) ABS 550 ¢ el ¢Sy Lygdll cailin ot (3 305l (uWY1 el 4B ) (Al )
—ChSsial) (and duulen o Jsdill uee Sinie jgdal ¢ Dl ABESH Mo g pronlll pe L 3BDe g (ABES inihia
- A [ Bang 161 & 18-Sl HLiaY Abaldl el .796.6 L silly 777.1 #1518

o Gl a8l (e clayag Al claiilg 18- GahSsiadl ( dusies BDle gag duball aa  Jaagl sclaliiu)
LISl e ) 2K Clel (age (e B Aragaads duluny 8y 18— (4S5l (ani pidy . sl

gl

94



