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Abstract 

The reduction in the synthetic function of the liver in patients with liver cirrhosis makes measuring of total 

serum cortisol invalid because of the prevalence of hypoalbuminemia and the decreased level of cortisol 

binding globulin in these patients.  Salivary cortisol concentrations accurately reflect the free cortisol level 

in non cirrhotic patients because the unbound portion of cortisol in the blood freely diffuse into saliva 

which represent the fraction which diffuses to the target tissues of the body. 

Aims: To study the correlation between salivary, serum total cortisol and calculated free cortisol. The 

prevalence of cortisol insufficiency using salivary and serum assays. Parameters associated with the 

discrepancy between both tests in cirrhotic patients. 

Methods: Fasting serum cortisol was assessed using ADVIA Centur Autoanalizer together with salivary 

cortisol using Salimetrics Salivary assay kit cat. #1-3002 5pk 1—32002-5-USA at 8 AM.  Pituitary 

hypoadrenalism will be excluded in patients with total cortisol level less than 4 µg/ dl. 

Results: Salivary cortisol and calculated free cortisol are significantly correlated to adrenal function in 

cirrhotic patients more than serum total cortisol. 

Conclusion: Salivary cortisol levels are the most accurate to asses adrenal cortical function in cirrhotic 

patients.  

 

Introduction  

Ninety to ninety five of serum cortisol is bounded to plasma proteins divided as 60% bounded to 

corticosteroid binding protein (CBG)and 30% bounded to albumin while the remaining represent the free 

active part of cortisol.  

The usual way to measure cortisol level in serum reflects the bounded form which gives false results in 

conditions affecting serum proteins as in pregnancy, the use of oral contraceptive pills, liver cirrhosis and 

kidney diseases. 
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Salivary cortisol serves as a reliable, simple and accurate method to measure free cortisol level as free 

cortisol is transferred from serum to saliva by free diffusion through the acinar cells of salivary glands 

In cases of liver cirrhosis not only the synthesis of serum proteins is affected, but liver is also the primary 

site of metabolism of adrenal steroid hormones and the synthesis of cholesterol therefore preexisting liver 

dysfunction further disturb the hypothalamic  

 

Methodology  

The study included 10 persons completely free from any liver and endocrinal disease to form the 

control group GI and 50 patients with liver cirrhosis admitted to Alexandria main university hospital 

to form GII  

All patients were subjected to all of the following: 

 Complete history taking emphasizing symptoms of liver disease, history of pituitary or adrenal 

disease, drug history and cause of admission. 

 Complete clinical examination stressing on vital signs to assess hemodynamic stability of the patient. 

Signs of liver cirrhosis were also reported. 

 Calculation of body mass index in kg/m
2
. 

 Laboratory workup which included: 

 Complete blood picture 

 Liver function profile  

 Fasting serum total cortisol at 8 AM using AFIVA Centur Autoanalyzer. Any patients 

showed serum cortisol level less than 4 µg/dl was subjected to further assessment of pituitary 

gland function via estimating ACTH level and dynamic test using synactan depot IM 

(tetracosactide hexaacetate) and cortisol levels were further assessed after 2 and 24 hours of 

its administration.  

Patient preparation and specimen collection:  

Chewing gums or brushing teeth should be avoided for 30 minutes before sampling. 

Saliva samples will be collected using special saliva sampling devices (salivette Sarstedt 

.cat#51.1534-USA). 

If there is blood contamination in the pateint's specimen , it was discarded and anew sample 

was taken after 10 minutes. 

 Fasting salivary cortisol was assessed using salimetrics salivary assay kit cat.#1-30025PK1-

3002-5USA at 8 AM. The salivary cortisol was rechecked for those patients having low 

fasting serum cortisol after 2 and 24 hours after synactan depot injection. 

 Lipid profile including cholesterol, triglycerides and HDL by autoanalyzer dimension –USA.  

 CBG using enzyme linked immunosorbant assay (E91226Hu96testsUSA). 

 Calculated free cortisol (CFC) was obtained using Coolens formula CFC=√ 

(Z
2
+0.0122*STC)-Z. 

Z=0.0167+0.182(CBG-STC). 

 The severity of liver disease was classified according to Child –Pugh classification. 

 Imaging study which included plain chest X ray and abdominal ultrasound to evaluate the 

presence of ascites and or spleenomegaly. 

 A written informed consent from each person who shared in this study was included.  

 

 



 

Amr A.bdel  Moety et al JMSCR Volume 04 Issue 01 8913 

 

||January8918-8911 Vol||04||Issue||01||Page CRJMS 6102 

Results   

After data were collected, it was revised, coded and fed to statistical software SPSS version 16. All 

statistical analysis was done using two tailed tests and alpha error of 0.05P valueless than or equal to 0.05 

was considered to be significant. 

 

Figure 1: lipid profile among control G1 and patients GII 

 
 

Figure 2: comparison between control G1 and patients GII as regards different laboratory investigations  

 

Table 1: Mean and standard deviation of of salivary cortisol, serum total cortisol, corticosteroid binding 

globulin, and the calculated free cortisol among control (GI) and patients (GII)  

 

Control (GI) Patients (GII) 

P 

Mean SD Mean SD 

Salivary Cortisol 6.84 1.48 4.83 0.97 0.000* 

Total Serum Cortisol 14.30 4.19 14.22 4.94 0.962 

CBG 64.60 27.50 72.86 52.80 0.633 

CFC 0.150 0.291 0.121 0.225 0.728 
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Table 2: Correlations between salivary cortisol, total serum cortisol and calculated free cortisol among 

control (GI) and patients (GII) 

CFC   
  

Group  

0.867(**)  Correlation coefficient  

Salivary cortisol  

Spearman's rho  Control (GI)  

0.001  Sig. (2-tailed)  

10.0  N  

0.408  Correlation coefficient  

Serum total cortisol  
0.242  Sig. (2-tailed)  

10.0  N  

0.653(**)  Correlation coefficient  

Salivary cortisol  

Spearman's rho  
Patients 

(GII)  

0.000  Sig. (2-tailed)  

50.0  N  

0.416 (**)  Correlation coefficient  

Serum total cortisol  
0.003  Sig. (2-tailed)  

50.0  N  

 

Table 3: Correlations between salivary cortisol, with total serum cortisol among control (GI) and patients 

(GII) 

Salivary Cortisol  

Total Serum Cortisol 

rs P 

Control (GI) 0.125 0.730 

Patients (GII) 0.588* <0.001 
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 Table 4 : Comparison of corticosteroid binding globulin among control (GI) and patients (GII) 

 

CBG 
Z P 

Min Max Median Mean SD 

Group 
     

0.021 0.984  G I 15.0 99.0 60.5 64.6 27.5 

 G II 9.0 227.0 61.0 69.71 42.0 

Child classification 
     

X2=0.838 0.658 
 A 25.0 132.0 84.0 77.3 44.1 

 B 9.0 227.0 56.0 65.92 42.98 

 C 25.0 158.0 62.5 74.0 41.4 

HCC 
     

3.343 0.068  No 9.0 227.0 57.0 64.86 42.71 

 Yes 42.0 158.0 83.0 86.0 36.7 

 

Table 5 : Correlation between CBG with albumin in control (GI) and patients (GII) 

Albumin 
CBG 

rs P 

Control (GI) 0.012 0.973 

Patients (GII) -0.081 0.577 

  

Table 6: Correlation between corticosteroid binding globulin and salivary cortisol, serum total cortisol and 

calculated free cortisol among control (GI) and patients (GII) 

Group 
CBG 

r P 

Control (GI) Salivary Cortisol -0.42 0.231 

Total Serum Cortisol -0.27 0.458 

CFC -0.65 0.043* 

Patients (GII) Salivary Cortisol 0.01 0.968 

Total Serum Cortisol -0.07 0.615 

CFC -0.16 0.262 
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Table 7: Correlation between albumin and salivary cortisol, serum total cortisol and calculated free cortisol 

in (GII) 

Hypoalbuminemia  
  

Salivary 

Cortisol  

Serum total 

Cortisol 
CFC 

Yes 

Salivary Cortisol 
r 

 
0.573 0.640 

P 
 

0.000* 0.000* 

Serum total Cortisol 
r 0.573 

 
0.390 

P 0.000* 
 

0.007* 

CFC 
r 0.640 0.390 

 
P 0.000* 0.007* 

 

No 

Salivary Cortisol 
r 

 
0.227 0.621 

P 
 

0.456 0.024* 

Serum total Cortisol 
r 0.227 

 
0.572 

P 0.456 
 

0.041* 

CFC 
r 0.621 0.572 

 
P 0.024* 0.041* 

 
 

Discussion  

Adrenal failure is a dynamic process and repeated adrenal function testing is indicated in patients who 

remain hemodynamically unstable or fail to improve with aggressive supportive treatment.  

The mechanism of adrenal insufficiency in liver cirrhosis is not completely understood, although decreased 

levels of HDL, cholesterol together with high levels of proinflammatory cytokines, endotoxins, structural 

damage of adrenal glands due to hemorrhage or infarction , bacterial translocation of enteric organisms and 

glucocorticoid resistance may be suggested. 

In this study salivary cortisol was significantly correlated more than calculated free cortisol and serum total 

cortisol signifying that the salivary cortisol is more accurate and related more to the free active part of 

cortisol thus better reflection of adrenal function in patients with liver cirrhosis. Calculated free cortisol was 

indirectly estimated by Coolen's formula, which is of limited usefulness and should be used with caution. 

Many studies concluded that the paired values of free cortisol levels obtained from direct methods and those 

obtained from calculation had a magnitude of bias that would expected to produce clinically relevant 

discrepancies and this limits the usefulness of Coolen's formula. 

Salivary cortisol in GII was significantly lower than G1 signifying low cortisol level, it was reduced in 

60%of patients and subsequently those patients had relative adrenal insufficiency as it did not reach the level 

of frank adrenal insufficiency.   

In this study calculated free cortisol had negative significant correlation with CBG but in GII there was no 

correlation. While in both groups there was no correlation between salivary cortisol and CBG emphasizing 

that salivary cortisol was independent from CBG and more accurate to be used in patients with liver 

cirrhosis. CBG was statistically insignificant between both groups and Child –Pugh classification or 

presence or absence of HCC. CBG was also not correlated with albumin level in both groups.   

In patients with normal albumin level, the calculated free cortisol was more correlated with salivary cortisol 

than with serum total cortisol. While salivary cortisol was insignificantly correlated with total cortisol. In 

patients with hypoalbuminemia, calculated free cortisol was more correlated with salivary cortisol than 

serum total cortisol.   
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The mean triglyceride (TG) level in (GII) patients was significantly lower than control group (GI). The 

mean cholesterol level in (GII) patients was significantly lower than control group (GI). Also, the mean low 

density lipoprotein (LDL) in (GII) patients was significantly lower than control group (GI), and the mean 

high density lipoprotein (HDL) in patients (GII) patients was significantly lower than control group. 

 

Conclusion 

Measurement of salivary cortisol in patients with low corticosteroid binding globulin  (CBG) level or 

hypoalbuminemia is simple, easy to measure in most laboratories, and provides a direct and  reliable and 

practical assessment of the serum free cortisol concentrations during critical illnesses. 

Relative adrenal insufficiency in liver cirrhosis is more prevalent than it thought to be as the known ways of 

its diagnosis are not reliable.  

Coolens' formula used in calculating free cortisol is inaccurate as it depends on CBG which is almost 

affected by the liver disease.   
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