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ABSTRACT

Liver cirrhosis (LC) is a progressive and chronic liver disorder. However, researches on LC are bounded yet. This
research aims to explore the relationship between iron markers levels in LC patients comparing with controls
in Basra Province-Iraq. In this cross-sectional study, a total of 50 patients with LC and 75 healthy controls
was participated. Blood samples were collected from all participants, and serum ferritin, transferrin saturation
(TS), serum iron (SI), total iron binding capacity (TIBC), and transferrin were measured using enzyme-linked
immunosorbent assay (ELISA) and Automated Analyzer. Serum levels of ferritin and TS are elevated high-
significantly (p<0.01), while, SI, transferrin, and TIBC serum levels are decreased high-significantly (p<0.01)
in LC patients compared to the controls. The findings illustrate that ferritin and TS have a high significant
positive correlation between them, high significant positive correlations with SI, and high significant negative
correlations with transferrin and TIBC. Moreover, the area under the receiver operating characteristics (ROC)
curve (AUC) was calculated for ferritin, TS, SI, transferrin, and TIBC (AUC = 0.938, 0.952, 0.100, 0.029, and
0.007, respectively) which could be prospective markers in LC patients. The correlations of ferritin and TS with
SL, transferrin, and TIBC and the high positive value of AUC for ferritin and TS shows that ferritin and TS could
be potential markers for the onset of liver failure in LC patients. These results highlight the importance of serum

iron markers in LC and suggest that further researches are needed to explore LC markers.
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INTRODUCTION

The liver is a substantial organ in the human body. It has numerous vital
biological functions including maintaining metabolic homeostasis'.
One of the most crucial roles of homeostasis of the liver is iron
homeostasis>.

Liver cirrhosis (LC) is a progressive and chronic liver disorder. It
is characterized by regenerative nodule formation, comprehensive
fibrosis, and liver malformation®. Due to liver damage is continued,
the functional capacity of liver is progressively diminished. This will
lead to many metabolic and biochemical disturbances in the body*. LC
etiology is usually diverse and multifactorial®. One of the fastest rising
causes of LC globally is metabolic LC which is substantially connected
to modern lifestyle disorders such as obesity®.

Iron, an indispensable trace metal, has pivotal roles in different
biological actions such as synthesis of DNA, cellular respiration,
and transport of oxygen’. Nevertheless, iron homeostasis has to be
controlled firmly due to the harmful effects of both of iron overload
and deficiency in the body?®. Various fundamental biochemical markers
are utilized to evaluate iron in the clinical practice and give a worthy
data regarding iron transport, storage and using in the body such as
serum levels of ferritin, transferrin saturation (TS), serum iron (SI),
transferrin, and total iron binding capacity (TIBC)’. The serum levels

of these markers are changed regularly. This could be attributed to
impairment of proteins synthesis, chronic inflammation, iron storage
mechanisms alterations, and hepatocellular injury!®.

Ferritin, an essential protein in the liver, has a main role in iron
storage'!. Meanwhile, transferrin, a glycoprotein, syntheses in the liver
and transports iron in the blood'. Consequently, the serum level of
TIBC, the iron binding-capacity of transferrin, is also altered". These
variations may affect significantly the serum level of TS, which is the
percentage of the serum iron level divided by TIBC, that illustrate the
transferrin binding to iron quantity'*.

Although many studies have examined the role of iron markers in liver
diseases, the impact of these markers in LC patients still inconspicuous.
This research aims to explore the relationship between iron markers
levels in the blood of LC patients in comparison with healthy controls
in Basra Province - Iraq.

METHODS

Participants Recruitment and Study Design: This study, a case-
control clinical study which carried out from November 2025 to April
2026, included patients enrolled in The Gastroenterology Hospital in
the Province of Basra, Iraq. LC patients were diagnosed using Child-
Pugh Scores criteria by clinicians based on the clinical, laboratory and
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ultrasonography findings'>!¢. In our study, we focused on LC which
caused by metabolic factors such as overweight and lifestyle. The
Ethics and Behavioral Research Committee (Scientific Committee) of
the Department of Basic Sciences — College of Nursing — University
of Basrah — Province of Basra — Iraq (No. 7/54/836 in 30/11/2025)
has been confirmed the protocol of this study which was accomplish
with Declaration of Helsinki acquiescence. All participants took a
clarification for the procedures and signed the informed consent forms.
This research required a minimum of 50 LC patients. The number of
samples (n) was established through a calculation of the proportion
of the population, taking into account the following assumptions: a
prevalence of LC of 2.11%, a confidence level of 95%, and a margin
of error of 4% (representing absolute precision)!’. The LC patients
who were 30—65 years old (class B of Child-Pugh Scores as per the
clinician’s diagnosis) were shared in this study. LC patients who
experienced from inflammatory disorders, chronic kidney dysfunction,
vitamin/iron deficiencies, iron supplementation, hemochromatosis,
viral hepatitis (B or C), transfusion of red blood cell, and malicious
disorders were excluded'®!. The healthy controls aged 30-65 years
without LC. The demographic data were obtained by a structured
interview conducted when the participants were being visited using a
typical self-managed questionnaire. All participants had stable clinical
conditions for the last three months.

Samples Collection: Blood samples were gathered from participants
after fasting for 12-hours and 30-minutes of resting in the morning
time between 08:00 AM and 9:00 AM. Eight mL of venous blood
was collected from the participants and moved to a gel tube. It was
clotted for 10-minutes. Then, it was rotated for 20 minutes at 402 x g
for serum collecting. The serums were directly used for determination
of the research markers®.

Measurements of SI, Transferrin, and TIBC by Automated
Analyzer: Laboratory kits from Biolabo SAS, Maizy, France were
used to assess the serum levels of iron (Cat. No.: K2108, sensitivity: 10
pg/dL), transferrin (Cat. No.: K4208, sensitivity: 50 mg/dL), and TIBC
(Cat. No.: 92308, sensitivity: 42 pg/dL) by Kenza Analyzer (240TX,
Maizy, France). The sample is automatically mixed with specific
reagents, and a chemical reaction is produced that forms a colored
complex. The absorbance of light at specific wavelengths (typically
190 to 900 nm) is measured, and the concentration of the marker is
calculated”'.

Table 1. The demographic characteristics of the present study

The Characteristics

Total Participants No.

Age (Years) (Mean + SD)

BMI (kg/m?)

Duration of LC (Years)

Demographic Urban

Area Rural
Educational Learned
Background [lliterate
Smoking Smokers
Habits Non-Smokers
Alcohol Consumers
Consuming Non-Consumers
Food Vegetarian
Habits Non-Vegetarian
Employment Employed
Status Not Employed
Participants Men

Gender Women

Measurement of Ferritin by Enzyme Linked Immunoabsorbance
Assay (ELISA): Laboratory kit from BT Laboratory, Shanghai, China
was utilized to measure the level of ferritin (Cat. No.: E6766Hu,
sensitivity: 0.33 ng/mL) by enzyme-linked immunosorbent assay
(ELISA) (Humareader/Human/Germany). The procedure was applied
based on the protocol of kit. The plate was read by an ELISA reader
(Thermo Fisher Scientific) with 450 nm absorbance. Ferritin levels
were assayed plotting a standard curve?.

Measurement of BMI and TS: Body mass index (BMI) was measured
by the standard BMI equation?:

BMI (kg/m?) = weight (kg)/(height)? (m)

While, TS was measured by dividing SI by TIBC**:

TS% = (SI/ TIBC) x 100%

Statistical Analysis: The statistical analysis was performed by
Statistical Package for the Social Sciences (SPSS) version 31 (IBM
Corporation, Armonk, NY, USA). Data was normally distributed, and
the statistical significance was computed. The scatter plots were drawn
and Pearson correlation was applied for constructing the correlations.
A value of p<0.05 was referred to statistically significant, while a value
of p<0.01 was referred to highly significant®®. The 95% confidence
interval, specificities, and sensitivities were computed via the receiver
operating characteristics (ROC) curve which was created by plotting
1-specificity (x-axis) against sensitivity (y-axis) and determining the
area under the curve (AUC). An AUC value close to 1 (or 0) suggested
a high diagnostic value. Moreover, binary logistic regression analysis
was utilized®.

RESULTS

Participants Characteristics

One hundred and sixty-five (165) participants were participated. Forty
participants were excluded as they could not correspond the criteria
of inclusion and exclusion. Only 50 LC patients were shared in this
research and matched with 75 healthy controls. As demonstrated in
Table 1, no significant differences were observed (p>0.05) in age (49.17
+12.72 vs. 48.28 + 14.81 years), gender ratio (men/women) (24/26 vs.
35/40), and BMI (27.54 + 3.28 vs. 28.06 £ 3.61 kg/m?) of LC patients
and healthy controls. Additionally, the data indicated that LC patients
had a highly significant decrease (p<0.01) in SI, transferrin, and TIBC

LC Patients Healthy Controls
50 75

49.17 £12.72 48.28 +14.81
27.54 £3.28 28.06 +3.61
6.09 +3.47 0

41 68

9 7

44 67

6 8

0 0

50 75

0 0

50 75

13 11

37 64

43 66

7 9

24 35

26 40
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Table 2. Serum levels of markers in LC patients and healthy controls
LC Patients

Biomarker Mean £ SD SE
Ferritin (ng/mL) 374.06+111.03** 15.70
TS (%) 39.87+12.12%* 1.71
SI (png/dL) 71.38+15.15%* 2.14
Transferrin (mg/dL) 96.26+27.36%* 3.91
TIBC (pg/dL) 186.22+£37.21%% 5.26

Table 3. Correlations coefficient of Ferritin and TS with SI, Transferrin, and TIBC in LC patients.

Markers TS (%) Ferritin (ng/mL)
Ferritin (ng/mL) 0.757%* -
TS (%) - 0.757**

95% CI Healthy Controls
Range

Lower Upper Mean + SD
62.59-562.18 342.51 405.61 138.83£70.11
23.45-79.57 36.43 43.32 22.72+6.24
38.25-110.36 67.07 75.69 94.65+11.13
58.73-171.12 88.41 104.11 277.96+65.80
85.76-299.42 175.65 196.79 476.40+80.44
SI (pg/dL) Transferrin (mg/dL) TIBC (ng/dL)
0.618** -0.946** -0.454%*
0.595%* -0.807%* -0.652%*

Tested with Pearson correlations. * (p<0.05): Significant; ** (p<0.01): High-significant.
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Figure 1. The ROC curve for SI, Transferrin, Ferritin, TIBC, and TS in LC and healthy control patients.

levels compared to controls as shown in Table 2. Furthermore, AUC
data, as illustrated in Figure 1, explained that SI, transferrin, and TIBC
could be delicate markers in LC patients (AUC = 0.100, 0.029, and
0.007, respectively). Moreover, the binary logistic regression analysis
data demonstrated that SI, transferrin, and TIBC had high-significant
decreases (p=0.000, p=0.009 and p=0.006, respectively) in comparison
with the controls which could be used as tolerable markers in LC
patients. In addition, multicollinearity was assessed using variance
inflation factor (VIF) and tolerance values. The VIF for ferritin and
TS was 2.914, and for transferrin and TIBC was 2.635 indicating low
multicollinearity and acceptable independence from other variables.
From the other hand, Normality was assessed using the Shapiro—Wilk
test and visual inspection of histograms and Q-Q plots. Data were
considered normally distributed (p > 0.05).

Data are presented as mean + standard deviation (SD); SE: Standard
Error; Range: is the difference between the highest and lowest values
in the set; 95% CI: Confidence Intervals (Lower and Upper); SI: Serum
Iron; TIBC: Total Iron Binding Capacity; TS: Transferrin Saturation;
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Significance level is indicated by *, Where: p > 0.05: p-value not
significant, * indicates p < 0.05 (p-value significant); ** indicates p <
0.01 (p-value highly significant), in comparison with the corresponding
control value.

Correlation of Ferritin with Other Markers

The ferritin level in LC patients had a high-significant elevation
(p<0.01) in comparison to the controls as shown in Table 2.
Furthermore, AUC data, as demonstrated in Figure 1, detected that
ferritin could be vigorous marker in LC patients (AUC = 0.938). In
addition, the correlations of ferritin with TS and SI was high-significant
(p<0.01) positive (r = 0.757, r = 0.618, respectively), and high-
significant (p<0.01) negative with transferrin and TIBC (r = -0.946,
and r = -0.454, respectively), as elucidated in Figure 2. Moreover, the
binary logistic regression analysis explicated that ferritin had a high-
significant increase (p=0.002, OR = 1.016, 95% CI = 1.008 — 1.024)
in comparing to the controls which suggesting that it may be used as a
marker in LC patients.
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Figure 2. The scatter plot of Ferritin with (A) TS, (B) SI, (C) Transferrin, and (D) TIBC in LC patients.
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Figure 3. The scatter plot of TS with (A) Ferritin, (B) SI, (C) Transferrin, and (D) TIBC in LC patients.

Correlation of TS with Other Markers

The TS level in LC patients had a high-significant increasing (p<0.01)
in comparison to the controls as shown in Table 2. Furthermore, AUC
data, as demonstrated in Figure 1, detected that TS could be powerful
marker in LC patients (AUC = 0.952). In addition, the correlations
of TS with ferritin and SI was high-significant (p<0.01) positive (r =
0.757, r = 0.595, respectively), and high-significant (p<0.01) negative
with transferrin and TIBC (r = -0.807, and r = -0.652, respectively),
as elucidated in Figure 3. Moreover, the binary logistic regression
analysis explicated that TS had a high-significant increase (p=0.004,
OR = 1.131, 95% CI = 1.034 — 1.238) in comparing to the controls
which suggesting that it may be used as a marker in LC patients.

DISCUSSION

In this research, the data showed that all participants were non-
consumers for alcohol, non-smokers, most of them from urban, most of
them had an education level, and most of them had a good work place?’.
The genetics, environment, pollution, and variations in food habits are
the main variations between urban and rural places people which are
increasing in urban regions greatly?.

The results of this study indicated a high-significant positive correlation
between ferritin and TS with SI, and high-significant negative
correlations with transferrin and TIBC. These findings are in-line with
many studies that explored the correlation of ferritin and TS with SI,
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transferrin, and TIBC in LC patients®*. In LC patients, body iron
stores increase, ferritin levels increase and more iron may appear in
circulation leads to SI increases and decreasing in transferrin and TIBC
levels, and consequently, increasing in TS levels®'. The elevation of
ferritin in LC patients may be due to hepatocyte damage, iron overload,
and impaired iron metabolism*. Ferritin is stored mainly in liver cells
(hepatocytes). However, hepatocyte injury and cell destruction occur
in LC patients®, leading to the release of ferritin into the bloodstream,
which increases serum ferritin levels and decreases transferrin levels
because its synthesis occurs in the liver, and consequently, TIBC is
decreased and TS is increased****. Moreover, LC patients may develop
hepatic iron accumulation because of intestinal iron absorption
increasing?®. Therefore, excess iron is stored as ferritin, raising serum
levels’. Furthermore, the liver regulates iron metabolism through
hepcidin production®®. In LC patients, hepcidin regulation becomes
abnormal, leading to disturbed iron homeostasis and increased
ferritin levels®. Besides, the liver has a key role in ferritin clearance
and metabolism*. In LC patients, liver dysfunction leads to reduced
clearance, causing accumulation of ferritin in the blood*. Also, LC
patients could develop hypersplenism due to portal hypertension*’. This
can cause increased destruction of red blood cells, releasing iron that
is stored as ferritin®#*. From the other hand, LC increases oxidative
stress®, which stimulates ferritin synthesis as a protective mechanism
to bind free iron and reduce cellular damage*.

The current research was retrospective and cross-sectional in lieu
of draw attention to the causals. Furthermore, the LC patients and
controls data, in the Province of Basra — Iraq, might not be represent
accurately the real state because of the small sample size of the
research. Nevertheless, the current research findings may be utilized
to develop therapeutic strategies for the diagnosis, alleviation, and
management of LC in Province of Basra, Iraq. Further studies with
considerable population with different stages of Child-Pugh Scores
might be requisite for advocating iron markers roles of in LC, the
putative molecular mechanisms at play, the mechanisms regulating the
pathogenic process, the regulatory network, the response of patients to
treatment, and the relationship between the levels of specific markers
and treatment outcomes including those with hepatitis and liver cancer.

CONCLUSION

The correlations of ferritin and TS with SI, transferrin, and TIBC
and the high positive value of AUC for ferritin and TS shows
that ferritin and TS could to be potential markers for the onset
of liver failure in LC patients. Furthermore, the biochemical
determination of these markers can assist in understanding the
pathogenic mechanisms, hepatic dysfunction, and liver cancer in
LC patients.
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