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Abstract

It has been revealed previously that chronic liver disease (CLD) may be
associated to hormonal fluctuations. The current study, therefore, aimed to evaluate
some hormones in CLD patients compared with non-CLD individuals. This case
control study was conducted at Gastroenterology and Hepatology Teaching
Hospital, Medical city, Baghdad, Iraq during December 2021 to May 2022. One
hundred and twenty male patients with CLD (age:14-75 years) and 120 control
males (age: 24-70 years) were involved in this study. Serum samples were taken
from all individuals and were then analysed for many tests which included hormones
(Cortisol, testosterone, prolactin, insulin and thyroid stimulating hormone TSH);
biochemical analysis (Prothrombin time PT, international normalized ratio INR and
albumin); liver enzymes (aspartate aminotransferase AST, alanine
aminotransferase ALT, alkaline phosphatase ALP and gamma glutamyl transferase
(GGT)) and interleukins (Interleukin 13 1L-13 and transforming growth factor TGF).
Some hormones such as cortisol, prolactin and insulin significantly increased in
CLD patients while other hormones (testosterone and TSH) significantly decreased
in CLD patients compared with the controls. Results also showed significant
increase in liver enzymes among CLD patients. These changes in the hormones and
liver enzymes levels may be related with significant increase in INR and albumin
which were significantly higher in CLD patients than in the control group. Finally,
IL-13 increased significantly in CLD patients while no significant differences were
noticed between CLD and control regarding TGF levels. It can, therefore, be
concluded that hormonal imbalance can affect people with liver conditions. and that
this hormonal imbalance may be associated with high levels of liver enzymes.
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1. Introduction

Chronic liver disease (CLD) is classified as a persistent inflammatory condition of the liver
(lasting more than six months) that destroys the liver parenchyma and hinders its ability to
repair, ultimately leading in fibrosis and cirrhosis [1]. The primary cause of morbidity and
mortality is thought to be chronic liver disease which is also placing an increasing burden on
the healthcare system. In 2010, the National Centre for Health Statistics (NCHS) and Centre
for Disease Control and Prevention (CDC) reported 31,903 fatalities from CLD and cirrhosis.
In the upcoming ten years, it is anticipated that this number would rise steadily [2]. Non-
alcoholic fatty liver disease (NAFLD), alcohol-related liver disease, viral hepatitis, various
genetic metabolic disorders and autoimmune liver diseases are the main causes of chronic
liver disease [3, 4]. Approximately 15% of instances of chronic liver disease are idiopathic as
well [5]. While non-alcoholic fatty liver disease is the fastest-growing cause of chronic liver
disease and is thought to affect 25% of the world's population on average, that number rises to
95% in morbidly obese people. Alcohol-related liver disease is still considered as the non-
viral chronic liver disease that is most frequently associated with cirrhosis deaths [6].
Although non-alcoholic fatty liver disease (NAFLD) first appears to be a benign condition.
However, in a substantial percentage of people, it can advance to non-alcoholic steatohepatitis
(NASH) [7]. It is undeniable that liver diseases studies have evaluated the aspartate
aminotransferase to alanine aminotransferase ratio (AST/ALT ratio) in recent years Studies
have been conducted on patients with liver disease that was both acute and chronic and came
from various sources. Numerous studies have shown the clinical importance of the AST/ALT
ratio in the diagnosis process of patients with chronic hepatitis virus infection, and these
variables are accessible, easy to use and reasonably priced [8-11].
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Many circulating hormones that keep endocrine homeostasis in the body are involved in
the biological functions as well as the metabolism of the liver. The liver and all endocrine
organs have multiple, ongoing interactions and feedback mechanisms because both are
involved in a wide range of metabolic processes. It consequently becomes a target during
numerous metabolic and endocrine problems, and vice versa, liver diseases are frequently
linked to hormonal irregularities [12]. Various research has reported the correlation between
CLD and hormonal fluctuation [13-15]. Some people have also spoken about endocrine issues
related to CLD. Short stature, delayed puberty, hepatic osteodystrophy, hypogonadism,
relative adrenal insufficiency and sick euthyroid syndrome are the most prevalent endocrine
symptoms in CLD [13-14]. The current study aimed to evaluate cortisol, testosterone,
prolactin, insulinand TSH in CLD patients compared with non-CLD individuals.

2. Materials and Methods
2.1 Individuals and Study Design

This study was a case control study achieved from December 2021 to May 2022, at
Gastroenterology and Hepatology Teaching Hospital, Medical city in Baghdad, Irag. A total
of 240 adult males were included in this study. One hundred and twenty of them were
diagnosed with CLD. The diagnosis was based on some clinical and biochemical
examinations which were done by gastrointestinal tract (GIT) specialist. The mean age of the
CLD patients was 44.17 + 13.4 years (Range: 14-75 years). The other individuals (n=120)
were considered as control group with the mean age of 40.25 + 12.08 (Range: 24-70 years).
Permission was given by all individuals involved in this investigation. The study procedure
was permitted according to the ethics team, College of Science, University of Baghdad,
through the authentication letter provided by them (CSEC/1221/0081).

2.2 Hormones Analysis

Cortisol, testosterone, prolactin, insulin and thyroid stimulating hormone (TSH) hormones
were analysed in CLD patients and control individuals. All hormones were assessed using a
sandwich enzyme-linked immunosorbent assay (ELISA). All evaluations were conducted in
accordance with the manufacturer's instructions available with the ELISA kits (My
BioSource, China) of each hormone. All samples were examined in a 96-well plate which was
then examined with an ELISA reader operating at 450 nm wavelength.

2.3 Biochemical Analysis
2.3.1 Liver Enzymes:

Liver enzymes, AST, ALT and ALP were assessed using liver enzymes Kit (Abbott, USA).
All of the enzymes were measured using ABBOTTc4000 chemistry analyser (Abbott, USA)
based on the manufacturer’s instruction found in the kits. Gamma glutamyl transferase
(GGT) was measured for all participants using ELISA kit (My BioSource, China) according
to the instructions available with the kit. All samples were then analysed and read at 450 nm
wavelength.

2.3.2 Prothrombin Time (PT) and International Normalized Ratio (INR) Analysis

Both prothrombin time (PT) and international normalized ratio (INR) were evaluated for
all participants using BCS XP analyser (Siemens, Germany). The assessment procedure was
done according to the instructions that came with the kit.

2.3.3 Albumin Measurement

Based on the manufacturer's instructions included in the kits, ABBOTTc4000 chemical
analyser (Abbott, USA) was used to quantify the aloumin concentration for each participant.
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2.3.4 Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

Interleukin 13 (IL-13) and transforming growth factor (TGF) were assessed using a
sandwich enzyme-linked immunosorbent assay (ELISA) in accordance with the IL-13 and
TGF kits' manufacturer's instructions (Fine Test, ELISA kit, China). The samples were
screened in a 96-well plate at 450 nm wavelength.

2.4. Statistical Analysis

The Statistical Analysis System, (SAS) version 9.1, was used to statistically analyse the
data. Using the student t-test all parameters including cortisol, testosterone, prolactin, insulin,
TSH, AST, ALT, ALP, PT, INR, albumin, IL-13 and TGF were compared between the CLD
and the control group. P-values less than 0.05 were regarded as statistically significant. Data
was stated as the mean and standard deviation (mean £SD).

3. Results
3.1 Hormones Levels

In this study, many hormones were measured both in CLD patients and control group.
These hormones showed differences between the two groups. Some of them significantly
increased while the others decreased significantly. All results of hormones are illustrated in
Table 1. Cortisol increased significantly (p<0.05) in those who had CLD (28.34+2.035 ng/ml)
compared with the control group who showed lower level (15.78+0.043 ng/ml) of cortisol.
Whereas, testosterone decreased significantly (p<0.05) in CLD patients (1.76+0.011) versus
control group who showed lower means of testosterone (2.95+0.045). On the other hand,
prolactin levels differed significantly (p<0.05) between the two groups which indicated higher
levels in CLD patients compared the control group where the prolactin levels were 66.6+4.2
ng/ml and 45.13+0.3 ng/ml respectively. Insulin levels also increased significantly (p<0.05) in
CLD patients (15.6+£0.19) compared with the control group (9.31+0.1). However, TSH
showed significantly (p<0.05) low level in CLD patients’ group versus control group where
the TSH levels were 0.64+0.013 1U/ml and 0.97+0.033 1U/ml respectively.

Table 1: The levels of cortisol, testosterone, prolactin, insulin and (TSH) hormones in CLD
patients and control group.

oS CLDpatients (n=to)  C°7{r0) Srop (P-value)
Cortisol (ng/ml) 28.34+2.035 15.78+0.043 (<0.05)
Testosterone (ng/ml) 1.76£0.011 2.9520.045 (<0.05)
Prolactin (ng/ml) 66.614.2 45.13+£0.3 (<0.05)
Insulin (ng/ml) 15.6+0.19 9.31+0.1 (<0.05)
TSH (1U/ml) 0.64+0.013 0.97+0.033 (<0.05)

3.2 Liver Enzymes

Liver enzymes were also measured in this study in both CLD and control group. The
results of liver enzymes are illustrated in Table 2. Regarding all enzymes, there were
noticeable variations between the two groups. AST, ALT, ALP and GGT all showed
significantly higher levels (77.17 £ 6.2 1U/L, 77.86 * 6.52 IU/L, 180.66 +20.51 IU/L and
18.70+£1.09 IU/L respectively) in CLD. While their levels were low in the control group
(24.44+0.6 1U/L, 35.36+5.47 1U/L, 94.31+2.13 IU/L and 6.99+0.04 IU/L respectively)
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Table 2: AST, ALT, ALP and GGT liver enzymes levels in CLD patients and control group
Liver Enzymes Control Group

(Mean £SD) CLD Patients (n=120) (n=120) (P-value)
AST (IU/L) 77.17£6.2 24.44 £ 0.6 (<0.05)
ALT (IU/L) 77.86 £ 6.52 35.36 + 5.47 (<0.05)
ALP (IU/L) 180.66 +20.51 94.31+2.13 (<0.05)
GGT (IU/L) 18.70+1.09 6.99+0.04 (<0.05)

3.3 Prothrombin Time (PT), International Normalized Ratio (INR) and Albumin

Results showed that PT increased slightly among those who had CLD, as their values
reached 12.27+0.27 second. Whereas lower PT values (11.98+0.072 second) were noticed to
be lower in the control group. No significant differences were noticed between the two groups
regarding PT. On other hand, significant differences (<0.05) were noticed between the two
groups regarding INR. Highly significant INR was reported among CLD patients (1.24+0.3
%) versus low INR (0.89+0.06 %) in the control group. Results also showed significant
differences between the two groups regarding albumin levels. Albumin raised significantly in
control individuals versus its low level in patients with CLD. The means of albumin were
3.64 +0.06 g/dl and 4.16 +0.03 g/dI respectively.

Table 3: The values of prothrombin time (PT), international randomized ratio and albumin in
CLD patients and control group
Parameters Control Group

(Mean +SD) CLD Patients (n=120) (n=120) (P-value)
PT (second) 12.27+0.27 11.98+0.072 NS
INR (%) 1.24+0.3 0.89+0.06 (<0.05)
Albumin (g/dl) 3.64 +0.06 4.16 £0.03 (<0.05)

3.4 Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

Results showed that IL-13 differed significantly between the two groups. It was increased
in CLD patients (247.76+17.26) compared with the control group (90.16+1.68). On other
hand, the results of statistical analysis indicated no significant differences between the two
groups regarding TGF, although its values non-significantly increased in patients with CLD
(158.33+10.16 pg/ml) versus the control group (158.33+10.16 pg/ml).

Table 4: The levels of IL-13 and TGF in CLD patients and control group.
Parameters Control Group

(Mean %SD) CLD Patients (n=120) (n=120) P-value

IL-13(pg/ml) 247.76+17.26 90.16+1.68 (<0.05)

TGF (pg/ml) 158.33+10.16 138.38+61.04 (p=0.75)
4. Discussion

4.1 Hormones

Those with liver diseases may experience hormonal imbalance. It is well-known that both
men and women who have liver illness experience hormonal fluctuation [17]. All results
obtained in the current study, regarding hormone levels, confirmed that there were differences
between CLD patients and the control group. These differences ranged from an increase in
some hormones to a decrease in others. Cortisol levels were noticed to be significantly higher
in CLD patients than the control group. According to some theories, cortisol levels are likely
to be related to how severe liver failure is and may be a sign of poor prognosis [18]. This
establishes a foundation for the evaluation of illness severity and prognosis using cortisol
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levels. Our findings revealed that cortisol was critical to the development and severity of liver
failure, and that the higher the level, the better the prognosis for patients. About 90% of
circulating cortisol is bound to corticosteroid-binding globulin (CBG) and albumin (5%).
About 10% of cortisol is present in its free form. Due to hypoalbuminemia, free cortisol may
rise in cirrhosis. If the level of CBG declines, it could possibly get worse during critical
sickness. Low production of cortisol, which is made from HDL cholesterol, is caused by the
reduced cholesterol level in cirrhosis. Cortisol increases protein catabolism, decreases
lipolysis, hyperglycaemia, and cytokine production, in addition to increasing vascular tone
and cardiac output [18-21]. Testosterone, on other hand, dropped down significantly in those
who suffered from CLD compared with the control group. This result may be due to an
enhanced peripheral aromatization of androgens, a central hypothalamus-pituitary mechanism
and gonadal failure [22, 23]. This result agrees with the result of [24] where they showed that
men with advanced liver disease had lower testosterone levels than the controls. As well as
the results of testosterone obtained in this study agree with some recent research which has
shown that low testosterone is linked to an increased risk of mortality, regardless of the
underlying cause of the disease, and that it is highly prevalent among men with end-stage
liver disease [24-26]. The levels of prolactin also differed between CLD and the control
group. Prolactin increased significantly in CLD patients compared with the control. A
variation in the kind of amino acids entering the central nervous system results from
decompensated liver function among those with CLD. It has been discovered that rising levels
of circulating aromatic amino acids stimulate the production of false neurotransmitters,
including octopamine and phenyl ethanolamine [27]. These false neurotransmitters might
prevent the release of dopamine which would lead to hyperprolactinemia. Moreover, cases of
hypogonadism in cirrhotic individuals linked to hyperprolactinemia have also been
documented [28]. The result of prolactin illustrated in the current study agrees with the study
of Jha and Kannan [29] where they showed a significant increase in prolactin among patients
with liver cirrhosis.

Those with CLD had significantly higher insulin levels than its low levels in the control
group. Since hyperinsulinemia is observed in CLD patients who do not have both severe
hepatic parenchymal cell damage and portal-systemic shunting, increased hepatic insulin
resistance is the factor associated with hyperinsulinemia in patients with liver disease [30].
Another study found that cirrhosis patients' pancreatic islets proliferate more and undergo less
apoptosis than patients without chronic liver disease [31]. Our findings were consistent with
earlier research suggesting that hyperinsulinemia in cirrhotic patients may occur from the
pancreatic beta cells' adaptive response to enhanced insulin resistance [32]. TSH, on the other
hand, revealed considerable drop among CLD patients compared with its high level in the
control. According to numerous studies, there is a well-established link between thyroid
dysfunction and liver disease in patients with liver disease [33]. According to a previous study
which indicated that patients with liver failure had significantly lower TSH concentrations,
euthyroid ill syndrome may have evolved in these people. The low TSH level seen in the
current investigation was consistent with this finding [34]. Overall, it appeared that blood
thyroid hormone concentrations and the severity of liver dysfunction were associated which is
consistent with several other studies on cirrhotic liver diseases [35, 36].

4.2 Liver Enzymes

All levels of liver enzymes (AST, ALT, ALP and GGT) examined in this study showed
significant increase in CLD compared with the control group. It is known from previous
studies that elevated liver enzymes are evidence of the inflammation or damage that occurs in
this organ. All these hormones are valid indicators of liver injury. Moreover, the rise or fall of
some hormones can affect these enzymes. Zhang et al. presented that persons with
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testosterone deficiency had significantly higher ALT. Additionally, additional research found
a substantial correlation between insulin resistance and a higher risk of elevated ALT, AST,
and GGT levels [37]. Earlier research has shown a substantial favourable association between
AST levels and raised mean levels of TSH in patients with liver cirrhosis compared with the
control group [38, 39]. The increased deposition of fat and modifications in lipid metabolism
brought on by thyroid dysfunction can be employed to explain this connection [33, 40-42]. In
addition to oxidative stress and lipid peroxidation, high TSH production also damages liver
cells [43].

4.3 Prothrombin Time (PT), International Normalized Ratio (INR) and Albumin

Both PT and INR were reported to be greater in CLD patients matched to the control
group. No significant difference was noticed between the two groups regarding PT. However,
significant difference was reported between groups regarding INR. Majority of hospitalized
patients with liver cirrhosis or other chronic liver diseases have coagulation problems which
are linked to noticeably extended PT and high international normalized ratio (INR) values.
The results of this study suggest a possible relationship between low TSH and high PT and
INR readings. This finding agrees with Jao [44] who found that patients with hypothyroidism
were associated with increased PT and INR. Albumin level, on the other hand, was
significantly low among those with CLD. Low albumin levels in CLD patients may indicate
the development of cirrhosis. A drop in plasmatic albumin is related to cirrhosis. Patients with
cirrhosis experience decreased albumin synthesis and poor hepatocellular function which in
advanced cirrhosis can reach a 60-80% drop [45].

4.4 Interleukin 13 (IL-13) and Transforming Growth Factor (TGF)

IL-13 and TGF levels in CLD patients were reported to be considerably greater than in the
control group. In the livers of people with chronic liver disease, the rise in 1L-13 is associated
with progressive fibrosis and/or inflammation [46]. TGF, on the other hand, plays a crucial
function in the regulation of chronic liver disease by affecting how the condition develops
from the initial insult to the liver via inflammation and fibrosis to cirrhosis and hepatocellular
carcinoma [47]. The synergic signalling link between these two key pro-fibrotic cytokines
during fibrogenesis is a subject of ongoing discussion because TGF and IL-13 are both
essential for organ fibrosis. TGF and 1L-13 may collaborate to produce fibrosis under specific
conditions [48]. The creation of myofibroblasts and the deposition of extracellular matrix are
part of the wound-healing response brought on by liver damage-induced levels of active TGF-
which also increase hepatocyte mortality and activate hepatic stellate cells and fibroblasts
[47].
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