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 Abstract: 

The non-alcoholic fatty liver disease is a common liver disease that may progress into liver fibrosis and 

cirrhosis. The present study was conducted to compare between the effects of liver diseases related to 

hepatocyte parenchymal injury, indicated by elevated serum AST and ALT enzymes, or biliary tree 

related disease, indicated by the elevated serum GGT enzyme levels, on the homeostasis of some vital 

serum metabolites. 

This cross-sectional study was conducted in Hail General Hospital, Saudi Arabia. The database of 68 

(M=38, F=30) patients with abnormal liver functions and  a normal control group n = 39 (M=10, F=29) 

were included in the study. The fasting serum glucose, total cholesterol (TC), triglycerides (TGs), serum 

calcium, phosphate, potassium and sodium, were assayed in the hospital laboratory. According to their 

biochemical data, the patients were classified into a) Group GGT  (with serum GGT levels≥55IU/L), n 

=34(M=28, F=6); b) Group ASLT (with elevated serum Stand/or ALT levels: AST≥31I U/L and ALT 

≥ 65 IU/L) n = 34 (M = 10, F = 24), and c) the normal control The results were subjected to  one-way 

ANOVA and the regression analysis by Spearman`s Regression analysis. P values < 0.05 were 

considered significant. 

The serum glucose concentration was significantly elevated in both GGT and  ASLT  groups by 69.19% 

and 101.8%,  respectively compared to the control. The percentages of the hyperglycemic patients were 

raised to 47% and 53% in the GGT and ASLT groups respectively compared to controls. 
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Moreover, there were significant correlations between glucose and the GGT, AST and ALT enzymes 

(r = 0.27, P = 0.004; r = 0.22, P = 0.02; r = 0.54, P < 0.0001), respectively. In contrast, the serum TC 

was significantly (P<0.001)  reduced in the GGT and ASLT groups compared to the control, whereas, 

the serum TG levels exhibited significant (P < 0.001) increase in the ASLT, but not the GGT group. 

The percentage of  hypertriglyceridemic patients in the ASLT group was raised to 23.5% compared to 

8% in the control group, and the TG showed a significant correlation with ALT enzyme (r =0.44, P < 

0.0001), whereas, the TC showed a negative correlation with GGT enzyme (r= -0.28, P =0.003). On 

the other hand, the serum calcium level was significantly reduced by 9.42% and 4.93% in the in the 

GGT and ASLT groups, respectively, compared to the control, and the calcium had a significant 

correlation with the GGT (r = 0.35, P = 0.0002). In contrast, the serum potassium levels were 

significantly elevated by 28.64% and18.52% in the GGT and ASLT groups, respectively compared to 

control, and it had a significant correlation with GGT (r = 0.48, P = 0.0001). The percentage of 

hyperkalemic patients rose from 0.00% in control to 55.0% and 35.3% in the GGT and ASLT groups, 

respectively. However, the serum sodium levels exhibited a significant (P<0.05) reduction in the 

ASLT group compared to the control. 

These findings demonstrate the variation in the effects of liver disease on the levels of the serum vital 

metabolites depending on the site of liver injury. Moreover, the results highlighted the importance of 

healthcare providers to monitor the profiles of blood sugar, lipids and lipoproteins, and the serum 

electrolytes from the early days of detecting the abnormal liver functions. 
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    Introduction: 

The non-alcoholic fatty liver disease (NAFLD) is 

the most common liver disease in adults and 

children worldwide [1]. It is a progressive disease 

that can further develop into steatohepatitis, liver 

fibrosis, cirrhosis, and hepatocellular carcinoma. 

Moreover, the disease was shown to be 

accompanied by diabetes, cardiovascular disease, 

metabolic syndrome and chronic kidney disease 

[2, 3]. All types of the NAFLD are associated 

with elevations of serum liver enzymes and the 

condition is believed as a risk factor for the 

development of cardiovascular defects, oxidative 

stress, endothelial dysfunction, as well as 

metabolic syndrome [4]. The aspartate 

aminotransferase (AST) enzyme is known to 

occur in higher concentrations in tissues of liver, 

cardiac and skeletal muscles and at lower 

concentrations in kidneys, brain, pancreas and 

lungs. whereas, the alanine aminotransferase 

(ALT) enzyme exists primarily in the liver, thus 

its elevation in serum is considered a more 

specific indicator of liver injury [5]. On the other 

hand, liver diseases such as lymphoma, 

amyloidosis or liver metastasis cause cholestasis 

(marked reduction in bile secretion and flow). The 

cholestasis that involves biliary obstruction or 

hepatic infiltration is known to induce synthesis of 

alkaline phosphatase (ALP) and gamma-glutamyl 

transpeptidase (GGT). These two enzymes are 

released into the blood circulation in greater 

concentrations as a result of cellular damage in 

the biliary region. The GGT is a microsomal 

enzyme present mainly in the liver, and to some 

extent in kidney and pancreas, thus, elevated 

serum GGT level is considered to be related to the 

biliary canaliculi injury [6]. Therefore, 

measurements of the serum levels of AST, ALT 

and GGT are used as liver function parameters 

and to distinguish between cholestasis and other 

hepatocellular injury. Moreover, the ratio of AST 

to ALT(termed DeRitis Ratio) was used to 

evaluate the levels of liver injury and lower values 

were found to be associated with abnormal 

glucose metabolism and metabolic syndrome [7]. 

Several investigators have also used the 

AST/ALT ratio to interpret the status severity of 

liver diseases, its related cardiovascular disease 

and metabolic syndrome [8-10]. 

The aim of the present study was to investigate 

whether there are differences between the liver 

diseases associated with the parenchymal 

hepatocellular injury, as indicated by the 

abnormally elevated serum AST and ALT levels, 

and the cholestasis, shown by the elevated serum 

GGT levels, on the homeostasis of the serum 

glucose, total lipids and some serum electrolytes 

profiles. 
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Patients and Methods: 

Sample frame: 

This study was carried out at Hail General 

hospital, Hail, Saudi Arabia, as a cross sectional 

study between May 2018 and August 2018. The 

project was in compliance with the Helsinki 

Declaration and was approved by the Research 

Ethical Committee, Faculty of Applied Medical 

Sciences, and University of Hail. Saudi Arabia. 

The electronic database was searched for 68 

patients with abnormal liver function parameters 

attending the outpatient clinic of the hospital 

who`s laboratory request included liver function 

tests. The records of patients with overt diabetes 

mellitus on medication, or patients who were not 

fasting were excluded from the study. The 

patient`s blood samples were received in the 

laboratory for their liver function tests (AST, 

ALT and GGT). Fasting normal individuals 

visiting the clinic for routine check- up (n= 39) 

were selected and used as control. 

Following the release of results, a copy of the 

data was entered in our records and the residual 

serum samples were stored at-20°C for the 

assay of the glucose, total cholesterol (TC), 

triglycerides (TGs), calcium, phosphate, 

potassium and sodium. 

According to their serum levels of the liver 

function enzyme, the patients were distributed 

into two groups: 

 

 

 a) Group GGT, patients with serum GGT 

enzyme levels ≥ 55IU/L, n=34(M=28, F=6) ; 

 b) Group ASLT, with elevated serum AST 

and/or ALT levels (AST ≥ 31 IU/L and ALT ≥ 65 

IU/L) n = 34 (M = 10, F = 24), and 

 c) Control group n = 39 (M = 10, F = 29). 

Biochemical analysis: 

All the biochemical measurements of serum 

AST, ALT, GGT, glucose, TC, TG, calcium, 

phosphate, sodium and potassium were carried 

out with The Dimension Spectrophotometer (RxL 

XPAD- Germany), utilizing commercial kits. 

Statistical analysis: 

Results are expressed as means ± SD. The 

differences between the means were computed by 

one-way ANOVA using Statistical Package for 

Social Sciences version 16.0 (SPSS Inc, Chicago, 

IL, USA). 

The significance of differences between the 

means was carried out by Unpaired Student`s T-

test. P values<0.05 were considered significant. 

The regression analysis between the various 

parameters was carried out by Spearman`s 

Regression analysis. P values < 0.05 were 

considered significant. 
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Results: 

 

As shown in Table 1, The overall mean age was 

50.29 ± 8.77 years (range, 19 – 85 years). The 

mean ages in the GGT and AST groups were 

significantly higher than that of control (P<0.001). 

The mean serum GGT levels in the GGT group 

was 81.64± 14.50 compared to31.45 ±8.69 and 

24.23±7.74 in the control and the ASLT groups, 

respectively. Whereas, the mean AST levels in the 

ASLT group was 65.38±18.67 compared to 

28.88±5.04 and 28.12±4.62 in the GGT and 

control groups, respectively. Similarly, the mean 

serum ALT level in the ASLT group was 47.41 ± 

12.37 compared to 16.02 ± 6.59 and13.33±4.88 in 

the GGT and control groups, respectively.  

 

Table 1: The mean ages, serum Gamma Glutamyl transpeptidase (GGT), A spartate transpeptidase (AST) and 

Alanine Transpeptidase (ALT) enzymes of patients in group (GGT) with elevated serum GGT enzyme; group 

(ASLT) with elevated AST and/or ALT and Control group.  

 

Variable Control GGT ASLT 

Sex M=10, F=29 M=28, F=6 M=10, F=24 

Age (Year) 36.10 ± 12.25 59.65± 15.33 a* 59.70± 16.68 a* 

GGT(IU/L) 24.23 ± 7.74 84.11± 25.29 a* 31.45± 8.69 a* b** 

AST (IU/L) 28.12 ± 4.62 28.88 ± 5.04 65.38± 18.67 a* b** 

ALT(IU/L) 13.33 ± 4.88 16.02 ± 6.59 40.92± 12.12 a* b** 

Presented values are mean±SD 

*a:significantly different from Control; 

**b:significantly different from GGT. 

^P < 0,05; ¥P< 0.01; ₸P < 0.001. 
 

 

As depicted in Fig.1, the serum glucose concentration was significantly elevated in the GGT and AST 

groups by 69.19% and 101.8%, respectively compared to the control. Moreover, the percentage of the 

hyperglycemic patients in the GGT and ASLT groups were 47% and 53% respectively, compared to 

0.00% in the control group. In contrast, the serum total cholesterol was significantly reduced in the 

GGT and ASLT groups by 27.17% and 18.04%, respectively compared to the control, whereas, the 

serum triglyceride levels exhibited significant (P < 0.001) increase in the ASLT, but not the GGT 

group, compared to control (Fig. 2). The percentage of the hyper triglyceridemic individuals in the 

ASLT group was raised to 23.5% compared to 8% in the control group. Whereas, the percentage of the 

hyper cholesterolemic individuals in the control group was 20.5% which dropped to 0.00% in both 
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GGT and ASLT groups (Table 2). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1: The serum glucose concentrations in liver disease patients with elevated serum GGT enzyme 

levels (GGT). Patients with elevated serum AST and/or ALT enzymes (ASLT) and control(C). The columns 

and vertical bars represent mean ± SD. ψ P < 0.001, a: significantly different from C, b: significantly 

different from GGT group. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 2: The serum triglycerides and total cholesterol levels in patients with abnormal liver function. 

Group GGT; patients with elevated serum GGT enzyme levels, Group ASLT; Patients with elevated serum 

AST and/or ALT enzymes and control (C). The columns and vertical bars represent mean ± SD. ψ P <  

0.001, a: significantly different     from C, b: significantly different from GGT group. 
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Table2: Comparison between the percentages of patients with hyper, hypo-or normal levels of the various 

serum glucose, triglycerides and total cholesterol of patients in group (GGT) with elevated serum GGT 

enzyme; group (ASLT) with elevated AST and/or ALT and Control group. Presented data are the numbers 

and percentages of patients from the total number in each group. 

 

 

 

 

 

 

 

As shown in Table 3, the serum calcium level was significantly reduced in the GGT group by 9.42% and by 

4.93% in the ASLT group, compared to the control. Whereas, the serum phosphate levels showed a trend of 

reduction in both GGT and ASLT groups, but were not statistically significant. In contrast, the serum 

potassium levels were significantly elevated by 28.64% in the GGT group and by 18.52% in the ASLT 

group compared to the control group.  

Whereas, the serum sodium levels exhibited a slight but significant (P < 0.05) reduction in the 

ASLT group compared to the control. On the other hand, the percentage of patients with 

hypocalcemia increased from 2.6% in control to 82.4% and 47% in GGT and ASLT groups, 

respectively, whereas, those with hypophosphatemia raised from2.6% in control to 17.7% in both 

GGT and ASLT groups. In contrast, the percentage of patients with hyper kalemia increased from 

0.00% in control to 55.0% and 35.3% in the GGT and ASLT groups, respectively. Whereas, the 

percentages of those with hyponatremia increased from 2.60% in control to 29.6% and 14.7% in 

the GGT and ASLT groups, respectively (Table 4). 

Variables Status Control(n = 39) GGT(n =34) ASLT(n=34) 

Glucose (Mmol/L) Hyper 0.0 (0%) 16(47%) 18(53%) 

Normal 39(100%) 16(47%) 16(47%) 

hypo 0.0 (0%) 2(6%) 0.0(.0%) 

Triglyceride (Mmol/L) Hyper 7(8%) 2(6%) 8(23.5%) 

Normal 32(82%) 32(94%) 26(76.5%) 

Cholesterol(Mmol/L) Hyper 8(20.5%) 0(0%) 0(0%) 

Normal 31(79.5%) 34(100%) 34(100%) 
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Table3: The profiles of serum glucose, total lipids, and some minerals of patients in group (GGT) with 

elevated serum GGT enzyme; group (ASLT) with elevated AST and/or ALT and Control group. Presented 

values are mean ± SD. a: significantly different from Control; b: significantly different from GGT.* P < 0,05; 
¥P< 0.01; ₸P < 0.001. 

 

Variable Control GGT ASLT 

Calcium (Mmol/L) 2.23 ± 0.11 2.02 ± 0.29 a* 2.12 ± 0.22 a* 

Phosphate (Mmol/L) 1.28 ± 0.30 1.20 ± 0.33 1.14 ± 0.32 

Potassium (Mmol/L) 4.05 ± 0.40 5.21± 1.03 a*** 4.80± 0.83 a*** 

Sodium (Mmol/L) 136.78 ± 3.34 134.78 ± 4.65 133.94 ± 7.43 a* 

 

 

Table 4: Comparison between the percentages of patients with hyper, hypo- or normal levels of the various 

serum metabolites of patients in group (GGT) with elevated serum GGT enzyme; group (ASLT) with 
elevated AST and/or ALT and Control group. Presented data are the number s and percentages of patients 

from the total number in each group. 
 

Variables Status Control(39) GGT(34) ASLT(34) 

Calcium Hyper 0(00.0%) 2(5.9%) 0(00.0%) 

Normal 38(97.4%) 4(11.7%) 18(53%) 

Hypo 1(2.6%) 28(82.4%) 16(47%) 

Phosphate Hyper 0(00.0%) 4(11.7%) 6(17.7%) 

Normal 38(97.4%) 24(70.6%) 22(64.6%) 

Hypo 1(2.6%) 6(17.7%) 6(17.7%) 

Potassium Hyper 0(00.0%) 18(55.0%) 12(35.3%) 

Normal 39 (100.0%) 16(45.0%) 22(64.7%) 

Hypo 0(00.0%) 0(00.0%) 0(00.0%) 

Sodium Hyper 0(00.0%) 0(00.0%) 0(00.0%) 

Normal 38(97.4%) 24(70.6%) 29(85.3%) 

Hypo 1(2.6%) 10(29.4%) 5(14.7%) 

 

Table 5 depicts the correlation of the three live enzymes, as independent parameters, and the various 

analytes as dependent variables. The serum glucose showed significant correlations with the GGT, AST 

and ALT enzymes (r=0.27, P=0.004; r=0.22, P=0.02; r=0.54, P<0.0001), respectively. Whereas, the 

triglyceride did not show any significant correlations with GGT or AST enzymes, but showed a significant 

correlation with ALT enzyme (r = 0.44, P < 0.0001). However, the serum cholesterol showed a significant 

negative correlation with the GGT enzyme (r= -0.28, P=0.003), but not with the AST or ALT enzymes. 

Similarly, the serum calcium showed a significant correlation with the GGT (r=0.35, P=0.0002), but not 

with AST or ALT enzymes. Moreover, the serum potassium also showed a significant positive correlation 

with the GGT (r=0.48, P=0.0001), but not with AST or ALT. In contrast, the serum phosphate and sodium 
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did not exhibit any significant correlations with any of the three liver enzymes. 

 

Table5: The regression analysis between the liver enzymes (GGT, AST and ALT) as independent variables and the 

various serum metabolites as dependent variables. 

 

 

Dependent variable 

(Mmol/L) 

Independent 

variable(IU/L) 
Rvalue P value Significance 

S NS 

Glucose GGT 0.27 0.004   

AST 0.22 0.02   

ALT 0.54 < 0.0001   

Triglyceride GGT 0.17 0.08   

AST 0.11 0.26   

ALT 0.44 < 0.0001   

Cholesterol GGT - 0.28 0.003   

AST - 0.12 0.23   

ALT - 0.10 0.30   

Calcium GGT 0.35 0.0002   

AST - 0.10 0.28   

ALT - 0.07 0.50   

Phosphate GGT 0.07 0.45   

AST 0.11 0.23   

ALT 0.13 0.18   

Potassium GGT 0.48 0.0001   

AST 0.14 0.15   

ALT 0.003 0.97   

Sodium GGT 0.03 0.74   

AST 0.12 0.23   

ALT 0.15 0.11   
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Discussion: 

The NAFLD can progress into advanced liver 

diseases which may involve cholestasis and 

hepatocyte parenchymal injury [3]. In the present 

study we investigated the possible influences of 

the two main types of liver dysfunction 

(homeostasis and parenchymal hepatocyte 

injury) on the main serum metabolites 

regulations. Since the liver enzymes AST and  

 

ALT originate from the hepatocellular 

parenchymal cells, whereas the GGT enzyme is 

confined to the hepatic biliary region, their 

release into the blood stream in abnormally 

elevated concentrations would indicate the 

location of the injured cells within the liver. To 

elucidate the possible effects of each hepatic site 

involved in the metabolic homeostasis, we 

compared the serum metabolites levels in the 

group with high serum GGT levels (GGT) with 

those of high serum AST and/or ALT levels 

(ASLT) and the control group with normal 

serum enzyme levels. Moreover, the correlations 

of the various serum metabolites with the three             

enzymes were also studied. Our data showed 

significant elevation in the serum glucose levels 

in both GGT and the ASLT groups. Moreover, 

the glucose showed significant correlations with 

the serum GGT, AST and ALT enzymes. This 

was consistent with the findings of several 

investigators who reported that elevated serum 

ALT levels and low AST/ALT ratios are 

associated with insulin resistance [11-13]. The 

mechanism was shown to involve impairment of 

insulin signaling that opposes the insulin-related 

suppression of gluconeogenesis pathway 

resulting in the development of hyperglycemia 

[14]. Furthermore, the enhanced 

gluconeogenesis caused by the insulin resistance 

was shown to trigger the accelerated hepatic 

uptake of glucose that ends up in increased 

hepaticlipogenesis [15] and consequently the 

development of fatty liver [16]. On the other 

hand, both intra hepatic and post-hepatic 

cholestasis demonstrated by the elevated serum 

GGT levels have also been shown to cause 

insulin resistance. This was demonstrated by 

investigators who reported that both serum ALT 

and GGT levels linearly correlated with the 

insulin resistance [17], and that the elevation of 

both ALT and GGT showed a combined effect in 

predicting the development of insulin resistance 

[18]. Moreover, the elevated levels of serum 

ALT and GGT are believed as predictive 

markers for the development of oxidative stress 

[19] that may contribute to the development and 

progression of diabetes mellitus and 

cardiovascular disease [20]. Therefore, some 

authors have suggested that measurement of 

these serum enzymes could serve as predictive 

tools for screening and monitoring the incidence 

and prevalence of insulin resistance in the 
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population [21]. Furthermore, measurement of 

these enzymes may be an index for the 

development of the cardiovascular diseases [22] 

and to assess the progression of liver fibrosis 

[23]. However, since the two enzymes are used 

to differentiate between cholestasis and the 

parenchymal hepatocellular injury as a cause of 

the liver disease, our results suggest that injury 

of both sites within the liver can suppress the 

insulin signaling and initiate insulin resistance. 

On the other hand, our results revealed that the 

serum triglyceride levels showed a significant 

elevation in the ASLT group, but not the GGT 

group with a highly significant correlation with 

the ALT enzyme. Moreover, the percentage of 

patients with hyper triglyceridemia increased 

from 8% in the control to 23.5% in the ASLT 

group. On the other hand, the serum cholesterol 

levels showed significant (P < 0.001) reductions 

in both GGT and ASLL groups with a significant 

negative (r = - 0.28, P=0.003) correlation with 

the GGT enzyme but not with AST or ALT, 

whereas, the percentage of hypercholesterolemic 

patients dropped from 20.5% in control to 0.00% 

in both GGT and ASLT groups. Our findings 

were consistent with several reports. It has been 

reported that dyslipidemia frequently exists in 

patients with NAFLD. The disorder may be 

characterized by hypertriglyceridemia, increased 

LDL particle size, and decreased HDL levels 

[24]. Consequently, some investigators 

demonstrated accumulation of lipids in the 

hepatocytes as a result of dyslipidemia and 

insulin resistance leading to hepatic 

inflammation and fibrosis [25]. The hepatic 

influx of fatty acids and the intrahepatic 

lipogenesis, triggered by the accelerated 

gluconeogenesis, was shown to cause hepatic 

lipotoxicity that may end up in the development 

of fibrosis [26]. The patients with primary biliary 

cholangitis were also shown to exhibit increased 

serum triglyceride levels accompanied with 

variable levels of HDL [27]. In patients with 

chronic liver disease, the serum cholesterol 

levels are known to vary between mildly 

elevated levels to reduced concentrations. In line 

with our findings, several authors have reported 

that patients with cirrhotic liver diseases exhibit 

lower total cholesterol, HDL and LDL levels 

compared to normal individuals, and showed 

positive correlations with the severity of liver 

damage [28]. Similar results were also reported 

by other investigators who showed significant 

declines in the serum total cholesterol and 

triglyceride levels with variable lipoprotein 

levels in the chronic liver disease patients [29]. 

Moreover, patients infected with hepatitis C 

virus were also shown to have lower serum total 

cholesterol levels compared to the control group 

[30]. The reduction of serum cholesterol levels 

in the liver disease patients was related to the 

reduced synthesis of the hepatic apoprotein-A 
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which caused variation in the HDL levels 

depending on the extent of liver damage [31]. It 

was therefore concluded that the extent of 

decrements measured in the levels of serum total 

cholesterol and lipoproteins in cirrhotic patients 

may reflect the progression of the liver cirrhosis. 

Our results have revealed that the serum glucose 

and triglycerides had significant correlations 

with the ALT enzyme, whereas, the cholesterol 

correlated with the GGT. This suggests that the 

developed insulin resistance in these liver 

disease patients was more strongly related to the 

parenchymal hepatocyte injury that resulted in 

the development of hyperglycemia and 

hypertriglyceridemia. Whereas, alteration of the 

serum cholesterol levels was related to hepatic or 

extra- hepatic cholestasis that may have 

influenced the mechanism of cholesterol 

transport and excretion. 

The serum minerals levels are also known to be 

disturbed by the abnormal liver functions. In the 

present study the serum calcium levels showed 

significant (P < 0.05) reductions in both GGT and 

ASLT groups with significant correlation with 

the GGT enzyme, (r = 0.35, P = 0.0002). In 

contrast, the serum phosphate levels showed a 

trend of reduction, but was not significant in any 

of the groups, and did not show any significant 

correlations with any of the liver enzymes, with a 

slight increase in the percentage of  

hypophosphatemic patients in both groups. In 

normal individuals, reductions in the serum 

ionized calcium are sensed by the calcium-

sensing receptor (CaSR) in the parathyroid 

glands resulting in increased parathyroid 

hormone (PTH) secretion. The released PTH 

enhances bone resorption that releases calcium 

and phosphate into circulation, stimulates urinary 

calcium reabsorption and stimulates the 1α-

hydroxylase enzyme enhancing formation of the 

active1, 25(OH)2D and down-regulating the 24-

hydroxylase enzyme responsible for its 

degradation. Consequently, the active 

1,25(OH)2D enhances the intestinal calcium 

absorption and ameliorate the hypocalcemia. 

However, in the chronic liver disease patients, 

hypocalcemia is a common complication which 

ranges from mild asymptomatic to severe life-

threatening disorder. Acute hypocalcemia may 

cause tetany, seizures, and heart failure, whereas, 

chronic hypocalcemia may lead to osteoporosis, 

dental caries, basal ganglia calcification, 

cataracts, and other ophthalmological 

manifestations [32]. In line with our findings, 

authors have reported that patients with advanced 

liver disease had lower calcium levels and there 

was a strong correlation between the low serum 

calcium levels and albumin deficiency [33]. 

Moreover, patients with cholestatic liver disease 

were shown to have hypocalcemia accompanied 

with poor intestinal absorption of vitamin D 

leading to diminished levels of active 1, 25-
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vitamin D levels that may explain the persistent 

hypocalcemia in these patients [34]. Therefore, 

patients with liver cirrhosis are known to develop 

bone loss and fractures, and the physicians were 

advised to monitor the bone density in these 

patients and supplement the patients with vitamin 

D and calcium if needed to prevent osteoporosis 

[35]. Beside the lower serum calcium levels, our 

results also indicated that the patients had a trend 

of lower serum phosphate levels, with the 

percentage hypophosphatemic patients raised in 

the patients compared to the controls. This was in 

line with the finding of several investigators who 

reported prevalence of hypophosphatemia in 

cirrhotic patients. The hypophosphatemia in acute 

liver failure was related to enhanced renal tubular 

phosphate wasting with no evidence for proximal 

tubular damage [36]. The calcium and phosphate 

are known to share a common pathway of 

regulation. The steps regulating the process 

involve PTH, fibroblast growth factor 23 (FGF-

23), and 1, 25-dihydroxyvitamin D. The PTH 

regulates the serum ionized calcium levels, and 

the FGF-23 governs phosphate homeostasis by 

stimulating its urinary excretion, whereas +the 1, 

25(OH) 2D is responsible for the intestinal 

absorption of both calcium and phosphate. In 

patients with liver disease the impaired intestinal 

absorption of vitamin D would diminish the 

intestinal absorption of calcium and phosphate 

along with the FGF-23 related urinary phosphate 

loss, and possibly other unforeseen factors, may 

explain the observed reductions in the serum 

levels of both calcium and phosphate. 

Another finding in our study was the significantly 

(P<0.001) elevated serum potassium levels in 

both GGT and ASLT groups with a strong 

correlation with the GGT enzyme. This was in 

line with the reports of Mohsin et al. who reported 

that patients with chronic liver disease had a 

higher incidence of hyperkalemia as compared to 

their healthy counterparts [37]. In these patients 

the fluid and electrolyte imbalances may include 

hyperkalemia, hyponatremia, respiratory 

alkalosis, and metabolic acidosis [38]. Moreover, 

the prevalence of hyperkalemia in patients with 

advanced cirrhosis was about 14% compared to 

2.1% in the population [39]. However, our results 

showed that as high as 55% of the GGT group and 

26.7% of the ASLT patients had hyperkalemia 

compared to the 0.00% in control group. In 

normal individuals, liver and muscles play a 

buffering role in the distribution of potassium 

between the intracellular and extracellular 

compartments. This process is known to be aided 

by insulin. Following the binding of potassium 

ions to the cellular receptors, insulin causes the 

cellular glucose uptake and stimulates the uptake 

of potassium ions by increasing the activity of the 

sodium/potassium-ATPase [40]. Therefore, during 

the development of insulin resistance in chronic 

liver disease, the cellular uptake of potassium is 
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hindered causing increased levels of the 

extracellular potassium concentration. Moreover, 

another contributor for hyperkalemia in the 

cirrhotic patients is the increased outflow of 

potassium ions from the intracellular matrix to the 

extracellular fluid due to metabolic acidosis, 

hyperglycemia, and inpatients on beta-blockers 

medication [41]. The management of the 

developed hyperkalemia in these patients is based 

on discontinuing potassium-sparing diuretics, 

restriction of dietary potassium intake, and 

correction of any underlying acid-base 

disturbances [41]. 

On the other hand, the present results exhibited 

that the serum sodium levels were slightly but 

significantly reduced in the ASLT group, and the 

percentage of hyponatremic patients rose to 

14.7%. This was in congruence with the findings 

of several authors who reported the prevalence of 

hyponatremia as one of the electrolyte 

disturbances in chronic liver disease patients. This 

was more prevalent in patients with advanced 

cirrhosis causing increased risk of mortality [42]. 

The cause of hyponasty remain in these patients 

was related to enhanced secretion of the ant 

diuretic hormone, triggered by the decreased 

circulating blood volume, caused by arterial 

splanchnic vasodilatation and decreased delivery 

of sodium to the distal convoluted tubules [43]. 

Conclusion: 

The liver disease, involving the parenchymal 

hepatocellular injury, indicated by the elevated 

serum ALT and AST enzyme levels, exhibited 

hyperglycemia, hypertriglyceridemia and 

reduction in the total cholesterol level. Whereas, 

the cholestasis, as indicated by the elevated 

serum GGT enzyme levels, caused 

hyperglycemia with a significant reduction in the 

serum cholesterol levels. Moreover, Elevated 

levels of serum potassium and reductions in the 

levels of both calcium and sodium and a trend of 

lower phosphate levels were evident in both 

parenchymal hepatocyte related disease and 

cholestatic patients. The serum glucose had 

significant correlations with the three liver 

enzymes, whereas, cholesterol, potassium and 

calcium showed correlations with the GGT and 

the triglyceride correlated with the ALT enzyme. 

These findings demonstrate the variation in the 

effects of liver diseases on the levels of the serum 

vital metabolites depending on the site of liver 

injury. Moreover, the results highlight the 

importance of monitoring the profiles of blood 

sugar, lipids and lipoproteins, and the serum 

electrolytes from the early days of detecting the 

abnormal liver functions and management if 

required. 

More elaborated study is warranted to address, in 

more details, the metabolic disturbances related 

to the various classes of liver disease and their 

correlation with the extent of the disease 

progression. 
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