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Abstract 
Alterations in carbohydrate metabolism are frequently observed in cirrhosis, and approximately 15% to 30% of patients have overt 
diabetes. The aim of the present study was to examine the clinical implications and the prognostic significance of hepatogenous 
diabetes in patients with liver cirrhosis. In a retrospective and prospective study in cirrhosis; we analyzed the prognostic significance 
of diabetes, which was defined as the presence of hyperglycemia and overt glycosuria that in most cases required dietary restrictions 
or active treatment. The prospective cohort study was conducted in 76 patients with histologically confirmed liver cirrhosis. The 
examination included a history, determination of basal C-peptide and glycosylated hemoglobin (HbA1c) and, in some cases, a 
3 hours oral glucose tolerance test with 100 g glucose. The clinical records of all patients with cirrhosis admitted to Govt City 
Hospital, Bilaspur and CIMS, Bilaspur for the period 2011 to 2016 were reviewed in 2016 and surviving patients were prospectively 
followed up until December 2016. Final status could be obtained in 76 (41 with diabetes); 63 were alive at the end of follow-up. 
The model identified, in sequence, albumin, ascites, age, bilirubin, serum Glucose and platelets as prognostic factors. The larger 
mortality rate in patients with diabetes was not due to complications of diabetes but to an increased risk of hepatocellular failure. 
Thus, the presence of diabetes, clinically detectable and often requiring adequate treatment is a risk factor for long-term survival in 
cirrhosis. Fifty Four percent of patients with liver cirrhosis had manifest diabetes, 41% had impaired glucose tolerance and only 
5% had normal glucose tolerance. In most cases, the hepatogenous diabetes was clinically asymptomatic. The prognosis of cirrhotic 
patients with diabetes is more likely to be negatively affected by the underlying hepatic disease and its complications than by the 
diabetes. Thus, antihyperglycemic treatment of hepatogenous diabetes should always be carefully weighed up in each individual 
case. 
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1. Introduction 
In a normal individual, the liver plays a key role in maintaining 
glucose homeostasis. In patients with advanced cirrhosis, due 
to alterations in glucose metabolism, the hepatogenous 
diabetes has been developed in significant number of cirrhotic 
patients. In patients with cirrhosis, diabetes can be either a 
classical type 2 diabetes mellitus or the so-called hepatogenous 
diabetes, i.e. a consequence of liver insufficiency and portal 
hypertension. Cirrhosis is associated with development of 
porto-systemic shunts as well as reduced hepatic mass, which 
can both impair insulin clearance by the liver, contributing to 
peripheral insulin resistance through down-regulation of 
insulin receptors. Moreover, cirrhosis is associated with 
increased levels of advanced-glycation-end products and 
hypoxia-inducible-factors, which may play a role in the 
development of diabetes. [1, 2] First, diabetes is an independent 
factor for poor prognosis in patients with cirrhosis. 
Specifically, diabetes is associated with the occurrence of 
major complications of cirrhosis, including ascites and renal 
dysfunction, hepatic encephalopathy and bacterial infections. 
Insulin resistance in muscular and adipose tissues and resultant 
hyperinsulinemia seems to be the patho-physiologic bases of 
diabetes as liver disease driven complication [3, 4, 5]. An 
impaired and delayed response of the islet of β-cells of the 
pancreas and hepatic insulin resistance are also contributory 
factors. Non-alcoholic fatty liver disease, alcoholic cirrhosis, 
chronic hepatitis C (CHC) and hemochromatosis are more 
frequently associated with Diabetes. Insulin resistance 
increases the failure of the response to treatment in patients 

with CHC and enhances progression of fibrosis. [6, 7] 
Hepatogenous diabetes is clinically different from that of type 
2 DM, since it is less frequently associated with 
microangiopathy and patients more frequently suffer 
complications of cirrhosis. [8, 9]. 
 
1.1 Etiopathology 
The liver plays a pivotal role in glucose homeostasis. It stores 
glycogen in the fed state and produces glucose through 
glycogenolysis and gluconeogenesis in the fasting state. There 
are close relationships between liver diseases and disorders of 
glucose metabolism. The liver plays a central and crucial role 
in the regulation of carbohydrate metabolism. Its normal 
functioning is essential for the maintenance of blood glucose 
levels and of a continued supply to organs that require a 
glucose energy source. This central role for the liver in glucose 
homeostasis offers a clue to the pathogenesis of glucose 
intolerance in liver diseases but little insight into the 
mechanisms of liver disease in diabetes mellitus. 
 The liver uses glucose as a fuel and also has the ability to 

store it as glycogen and synthesize it from non 
carbohydrate precursors (gluconeogenesis).Glucose 
absorbed from the intestinal tract is transported via the 
portal vein to the liver. Although the absolute fate of this 
glucose is still controversial, some authors suggest that 
most of the absorbed glucose is retained by the liver so that 
the rise in peripheral glucose concentration reflects only a 
minor component of postprandial absorbed glucose. 
Therefore, it is possible that the liver plays a more 
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significant role than does peripheral tissue in the 
regulation of systemic blood glucose levels following a 
meal.  

 Many cells in the body, including liver, and muscle cells, 
have specific cell membrane insulin receptors, and insulin 
facilitates the uptake and utilization of glucose by these 
cells. Glucose rapidly equilibrates between the liver 
cytosol and the extracellular fluid. Transport into certain 
cells, such as resting muscle, is tightly regulated by 
insulin, whereas uptake into the nervous system is not 
insulin-dependent. 

 Glucose can be used as a fuel or stored in a 
macromolecular form as polymers: starch in plants and 
glycogen in animals. Glycogen storage is promoted by 
insulin, but the capacity within tissues is physically limited 
because it is a bulky molecule. Insulin is formed from a 
precursor molecule, pre-insulin, which is then cleaved to 
pro-insulin. Further maturation results in the conversion of 
proinsulin into insulin and a smaller peptide called C-
peptide. 

 In type 2 diabetes, excessive hepatic glucose output 
contributes to the fasting hyperglycemia. Increased 
gluconeogenesis is the predominant mechanism 
responsible for this increased glucose output, while 
glycogenolysis has not been shown to be increased in 
patients with type 2 diabetes. Hyperglucagonemia has 
been shown to augment increased rates of hepatic glucose 
output, probably through enhanced gluconeogenesis. 

 In a chronically injured liver, hepatic stellate cells promote 
liver fibrosis through excessive extra-cellular matrix 
production and reduced extra-cellular matrix degradation. 
[10] Glucose and insulin have profibrogenic properties on 
hepatic stellate cells. Inflammation is a major player in the 
development of liver fibrosis. [13] The link between 
diabetes and inflammation is now well established and 
type 2 diabetes is viewed as an auto-inflammatory disease. 
[14] Inflammation plays a crucial role in the pathogenesis 
of diabetes-related complications. For instance, 
inflammation and subsequent extracellular matrix 
expansion play a key role in the development and 
progression of diabetic nephropathy. [15] Regarding the 
liver, indirect data suggest that systemic inflammation 
associated with insulin-resistance and diabetes might 
contribute to progression of liver fibrosis. In patients with 
hepatitis C, insulin resistance and diabetes are associated 
with liver fibrosis progression as well as with 
necroinflammatory activity [16, 17]. 

 Apoptosis. Apoptosis is a type of cell death characterized 
by the fragmentation of the dying cell into membrane-
bound vesicles, called apoptotic bodies. Apoptosis is a key 
player in the progression of liver fibrosis. [18] Engulfment 
of apoptotic bodies by hepatic stellate cells stimulates their 
fibrogenic activity and may be one mechanism by which 
hepatocyte apoptosis promotes fibrosis. [19] Angiogenesis 
consists in the formation of new vascular structures from 
pre-existing blood vessels. [20, 21] Excessive angiogenesis 
in cirrhotic liver plays a major role in the patho-physiology 
of diabetic complications including nephropathy, 
retinopathy as well as macrovascular diseases. [22, 23] 
Pathological angiogenesis has also been described in 
chronic liver diseases, First, it has been shown that leptin-
mediated neovascularisation, coordinated by vascular 

endothelial growth factor (VEGF), plays an important role 
in the development of liver fibrosis. [24, 25, 26] More 
recently, the same group showed that CD34 expression, a 
marker of neovascularisation, was overexpressed in the 
liver of patients. Furthermore, there was a positive 
correlation between neovascularisation and insulin 
resistance as well as with liver fibrosis. [27, 28, 29] Thus, this 
suggests that insulin resistance and fibrosis as in other 
tissues, promote diabetes through angiogenesis. Hepatic 
Sinusoidal Capillarization. - refers to the loss of 
endothelial cell fenestration, associated with the 
deposition of collagen and other extracellular matrix 
proteins in the space of hepatic sinosides. [30, 31, 32] All these 
factors related to liver diseases, specially cirrhosis 
precipitates Diabetes. [33] 

 

 
 

Fig 1 
 
1.2 Hypothesis 
Based on these findings, research work was designed to assess 
the effect of Hepatic diseases as precipitating cause for 
diabetes. It is a case-control study including patients of liver 
cirrhosis and healthy controls. I have selected Cirrhosis 
patients who have been diagnosed as having cirrhosis at least 
1-2 years age, by contacting personally and also by contacting 
in various clinics in Bilaspur. The controls were selected 
randomly from the society, who were demographically 
matched with the subjects. 
Study Area- Bilaspur city and outskirt area 
Study duration-Jan 2011-December 2016 
Sample Size-76 Subjects, 30 controls. (Demographically 
matched healthy persons). We have not included the persons 
who are having High Blood Pressure or hyperlipidemias of 
non-diabetic origin, women having PCOs were also dropped 
from the study.  
Objectives-The following objects were set to conduct this 
research- 
 The demographic data of all the subjects and controls were 

collected. 
 The blood sugar of all the related persons were analyzed 

by using NYCO CARD. 
 Analyzing serum C- Peptide levels. Measuring C-peptide 

can help to determine how much of their own natural 
insulin a person is producing as C-peptide is secreted in 
equimolar amounts to insulin. C-peptide levels are 
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measured instead of insulin levels because C-peptide can 
assess a person's own insulin secretion even if they receive 
insulin injections, and because the liver metabolizes a 
large and variable amount of insulin secreted into the 
portal vein but does not metabolize C-peptide, meaning 
blood C-peptide may be a better measure of portal insulin 
secretion than insulin itself. A very low C-peptide 
confirms Type 1 diabetes and insulin dependence and is 
associated with high glucose variability, hyperglycaemia 
and increased complications. The test may be less helpful 
close to diagnosis, particularly where a patient is 
overweight and insulin resistant, as levels close to 
diagnosis in Type 1 diabetes may be high and overlap with 
those seen in type 2 diabetes. This estimation was done by 
Akita Abay Method. 

 Oral Blood Glucose Testing- the al subjects and controls 
were given 100 gms of glucose (Glucose Loading) and 
after 3 hours of incubation, their serum glucose level was 
assessed to know the glucose managing capacity of the 
persons. 

 The Blood tests were done to assess the serum level of the 
following enzymes- 

 Aspartate aminotransferase (AST or SGOT)  
 Alanine aminotransferase (ALT or SGPT) 
 Alkaline phosphatase, 5' nucleotidase,  
 Gamma-glutamyl transpeptidase (GGT) 
 LDH (Lactate dehydrogenase) 
The AST and ALT readings in such cases are usually between 

twice the upper limits of normal and several hundred units/liter. 
One of the most common causes of mild to moderate elevations 
of these liver tests is a condition referred to as fatty liver 
(steatohepatitis or hepatic steatosis). 
 Estimation of Coagulation panel (prothrombin time or 

PT), Because in liver malfunctioning, the Prothrombin 
time is prolonged, because of lesser production of 
Fibrinigen, Prothrombin and other clotting factors. 

 Estimation of Albumin level by using Autoanalyser –Star 
21 model. In liver diseases, the production and hence the 
blood level of Albumin is reduced significantly. 

 Estimation of serum Bilirubin level was done by using 
Autoanalyser –Star 21 model. In Liver diseases, the 
conversion and clearance of Mono and Di Bilirubin 
Glucuronoid hampers significantly, thus serum level of 
free and conjugated Bilirubin is elevated. 

 Platelet count was done, because in liver diseases due to 
diminution of platelet factors, specially I & III, the count 
decreases. 

 Imaging procedures-Imaging procedures used to diagnose 
cirrhosis disease include ultrasound, computerized 
tomography (CT) scan and magnetic resonance imaging 
(MRI).Out of 30 patients only 9 were followed CT 
Procedure, one patient followed MRI and 11 were 
followed scanning procedure on request. 

 
1.3 Observation 

 
Table 1 

 

S. No Parameters Patients Participated Controls Participated Significant 
Difference 

1 Age 61+ 6.4 76 60 + 3.9 30 0.21 
2 BMI 25.7+ 3.9 76 25.6 + 4.1 30 6.03 
3 Male 35(76) 76 23(30) 30 0.53 
4 Serum Glucose 402 mg % 76 79 mg % 30 5.48 
5 C-Peptide Level 4.014 ng/mL 30 0.6 ng/mL 30 3.232 
6 Aspartate Amino transferase (AST or SGOT) 131 Units /L 30 13 units /L 30 1.594 
7 Alanine aminotransferase (ALT or SGPT) 303 Units/L 30 26 /L 30 3.310 
8 Alkaline phosphatase 237 U/L 30 53 U/L. 30 3.058 
9 Gamma-glutamyl transpeptidase (GGT) 88 U/L 30 25 U/L. 30 3.65 

10 LDH (Lactate dehydrogenase) 247 U/L 30 124 U/L 30 7.73 
11 Oral Glucose Tolrence Teat 209 mg% 30 69 mg% 30 1.313 
12 Prothrombin time 31 Seconds 30 8.6 seconds. 30 1.287 
13 Total Albumin 2.03 g / dL 30 3.10 g/dL 30 0.0041 
14 serum Bilirubin 7.88 mg/dL 30 0.16 mg/dL 30 1.55 
15 Total Platelet Count 121,084 /µL 30 288,000 /µL 30 2.173 

16 CT computed tomography showed 
cirrhosis 5 Not shown 5 -- 

17 Ultra sound Grade -3 to 4cirrhosis 11 Normal Liver 9 -- 

18 MRI Diffuse surface irregularity was 
most often seen in a cirrhotic liver. 9 Normal MRI 8 -- 

19 Biopsy Deposition of Excess Fibroid 
material 6 Not seen 5 -- 

 
2. Discussion 
Cirrhosis may contribute to the development of DM through 
numerous factors. With the development of portal 
hypertension, blood shunting redirects blood away from 
hepatocytes and results in reduced insulin clearance with 
peripheral hyperinsulinemia [16]. This systemic 
hyperinsulinemia may contribute to the development of insulin 
resistance through the down regulation of insulin receptors [17]. 
This finding supported the previous observation that 
hepatogenous diabetes differs from type 2 diabetes in that there 
is less association with traditional risk factors such as body 

mass index and family history of diabetes In studied subjects 
with proved cirrhosis, a previously un diagnosed Diabetes was 
traced, with all biochemical parameters significantly 
associated with frank diabetes. Also a strong correlation was 
found with the occurrence and severity of cirrhosis with 
occurrence and degree of severity of complications of 
Diabetes. A hyperinsulaenemia state was observed in 
significant number (73%) of cirrhosis patients, showing that a 
condition of insulin resistance was developed in them with 
lesser hepatic clearance of formed insulin, but it was observed 
that most of the patients (88%) have no family history of 
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Diabetes or presence of other precipitating factors like obesity, 
thus it can be concluded that the origin of their diabetes was 
hepatic. 
 
3. Conclusion 
Enough data exists to justify a concrete relationship, between 
diabetes and the liver. The changes seen in a Diabetic patient’s 
liver include fatty liver, reduction in glycogen, reduction in 
gluconeogenesis, increased risk of liver and biliary tract 
cancers. There could be many other liver problems associated 
with diabetes mellitus. Yet this work can serve as a good 
modality to learn about the fact that diabetes and liver have a 
pathological relationship. It is quite evident from the 
discussion above, that either liver problems lead to diabetes or 
vice-versa. These results indicate that chronic 
hyperinsulinemia causes insulin resistance in cirrhosis and 
therefore plays a central role in the etiology of the 
hepatogenous diabetes. 
 
4. References 
1. Mann FC, Magath TB. Studies on the physiology of the 

liver. II. The effect of the removal of the liver on the blood 
sugar level. Arch Intern Med. 1922; 30:73-84. 

2. Mann FC, Magath TB. Studies on the physiology of the 
liver. IV. The effect of total removal of the liver after 
pancreatectomy on the blood sugar level. Arch Intern 
Med. 1923; 31:797-806. 

3. Bjornstorp P, Sjostrom L. Carbohydrate storage in man: 
speculations and some quantitative considerations. 
Metabolism. 1978; 27(Suppl. 2):1853-65. 

4. Katz LD, Glickman MG, Rapaport S, Ferrannini E, De 
Fronzo RA. Splanchnic and peripheral disposal of oral 
glucose in man. Diabetes. 1983; 32:675-79. 

5. Karem JH, Forsham PH. Pancreatic hormones and 
diabetes mellitus. In Basic and Clinical Endocrinology. 
4th edition. Greenspan FS, Baxter JD, Eds. Norwalk, 
Conn., Appleton and Lange. 1994, 571-634. 

6. McGilvery RW, Goldstein G. Biochemistry: a Functional 
Approach. 2nd edition. Philadelphia, Pa., W.B. Saunders. 
1979.  

7. Scofield RF, Kosugi K, Schumann WC, Kumaran K, 
Landau BR. Quantitative estimation of the pathways 
followed in the conversion to glycogen of glucose 
administered to the fasted rat. J Biol Chem. 1985; 
260:8777-82.  

8. Consoli A, Nurjhan N, Capani F, Gerich J. Predominant 
role of gluconeogenesis in increased hepatic glucose 
production in NIDDM. Diabetes. 1989; 38:550-57. 

9. Stone BE, Van Thiel DH. Diabetes mellitus and the liver. 
Sem Liver Dis. 1985; 5:8-28. 

10. Ferrannini E, Lanfranchi A, Rohner-Jeanrenaud F, 
Manfredini G, VandeWerve G. Influence of long-term 
diabetes on liver glycogen metabolism in the rat. 
Metabolism. 1990; 39:1082-88. 

11. Bogoch A, Casselman WGB, Kaplan A, Bockus HL. 
Studies of hepatic function in diabetes mellitus, portal 
cirrhosis and other liver diseases. Am J Med. 1955; 
18:354-84. 

12. Hildes JA, Sherlock S, Walshe V. Liver and muscle 
glycogen in normal subjects, in diabetes mellitus and in 
acute hepatitis. Clin Sci. 1949; 7:289-95. 

13. Manderson WG, McKiddle MT, Manners DJ, Stark JR. 
Liver glycogen accumulation in unstable diabetes. 
Diabetes. 1968; 17:13-16. 

14. Ehrlich P. ‹ber das Vorkommen von Glykogen im 
diabetischen und normalen Organismus. Z Klin Med. 
1883; 6:33-53. 

15. Kautzsch E. Leberbefunde bei diabetes mellitus. Med 
Mschr. 1963; 17:229-34. 

16. Robbers H, Stohfeldt P, Krger C. Differential diagnose de 
diabetischen und alkoholischen fettleber: untersuchungen 
and 171 Diabetikern und 100 patienten mit alkoholabusus. 
Deutsch Med Wschr. 1968; 93:112-13. 

17. Creutzfeldt W, Frerichs H, Sickinger K. Liver diseases and 
diabetes mellitus. Prog Liver Dis. 1970; 13:371-407. 

18. Kalk H. ‹ber die beziehungen zwischen Fettleber und 
diabetes. Deutsch Med Wschr. 1959; 84:1898-1901. 

19. Kalk H. Über die Fettleber. Munchen Med Wschr. 1965; 
107:1141-47. 

20. Chatila R, West AB. Hepatomegaly and abnormal liver 
tests due to glycogenesis in adults with diabetes. Med Balt. 
1996; 75:327-33. 

21. Leevy CM, Ryan CM, Fineberg JC. Diabetes mellitus and 
liver dysfunction. Am J Med. 1950; 8:290-99. 

22. Silverman JF, O'Brien KF, Long S, Leggett N, Khazanie 
PG, Pories WJ et al. Liver pathology in morbidly obese 
patients with and without diabetes. Am J Gastroenterol. 
1990; 85:1349-55. 

23. Jaques WE. The incidence of portal cirrhosis and fatty 
metamorphosis in patients dying with diabetes mellitus. N 
Engl J Med. 1953; 249:442-45. 

24. Bernuau D, Guillot R, Durand-Schneider A, Poussier P, 
Moreau P, Feldmann G. Liver perisinsoidal fibrosis in BB 
rats with or without overt diabetes. Am J Pathol. 1985; 
120:38-45. 

25. Zimmerman HJ, MacMurray FG, Rappaport H, Alpert 
LK. Studies of the liver in diabetes mellitus, II. J Lab Clin 
Med. 1950; 36:922-27. 

26. Leevy CM. Fatty liver: a study of 270 patients with 
biopsy-proven fatty liver and a review of the literature. 
Med Balt. 1962; 41:249-76. 

27. O'Connor BJF, Katbamna B, Tavill AS. Nonalcoholic 
fatty liver (NASH syndrome). Gastroenterologist. 1997; 
5:316-29. 

28. Schaffner F, Thaler H. Nonalcoholic fatty liver disease. 
Prog Liver Dis. 1986; 8:283-98. 

29. Scatarige JC, Scott WW, Donovan PJ, Siegelman SS, 
Sanders RC. Fatty infiltration of the liver: 
ultrasonographic and computerized tomographic 
correlation. J Ultrasound Med. 1984; 3:9-14.  

30. Bacon BR, Farahvash MJ, Janney CG, Neuschwander-
Tetri BA. Nonalcoholic steatohepatitis: an expanded 
clinical entity. Gastroenterology. 1994; 107:1103-09.  

31. Wanless JR, Lentz JS. Fatty liver hepatitis (steatohepatitis) 
and obesity: an autopsy study with analysis of risk factors. 
Hepatology. 1990; 12:1106-10. 

32. Kim WR, Poterucha JJ, Porayko MK, Dickson ER, Steers 
JL, Wiesner RH. Recurrence of nonalcoholic 
steatohepatitis following liver transplantation. 
Transplantation. 1996; 62:1802-1805. 

33. Sheth SG, Gordon FD, Chopra S. Nonalcoholic 
steatohepatitis. Ann Intern Med. 1997; 126:137-45. 


