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Abstract 
Background and aims: Alterations in carbohydrate metabolism are frequently observed in cirrho-
sis; to determine the frequency of diabetes mellitus and impaired glucose tolerance in Tunisian 
cirrhotic patients and identify risk factors. Patients and methods: Cross-sectional study; fasting 
plasma glucose levels were measured in consecutive patients with cirrhosis. Oral glucose tolerance 
test was performed if fasting plasma glucose level was normal. Glucose metabolism disorders were 
then classified as: impaired glucose tolerance and diabetes mellitus. Cirrhotics with glucose meta-
bolism disorder were compared to those without. Results: Seventy-seven patients with cirrhosis 
were included: 68.8% were diagnosed as having glucose metabolism disorder; diabetes in 42.8% 
and impaired glucose tolerance in 26%. The tests were able to identify 60.4% of glucose metabol-
ism disorders. Univariate analysis disclosed a higher proportion of female gender (p = 0.04) and 
more frequent familial history of diabetes mellitus (p = 0.005) in the group with glucose metabol-
ism disorder. There were no statistically differences regarding age, etiology and severity of the 
cirrhosis, and dry body mass index. Multivariate analysis showed that familial history of diabetes 
was the only independent risk factor (OR = 5.1, p = 0.005). Conclusion: In our study, the frequency 
of glucose metabolism disorders was 68.8%. Oral glucose tolerance test allowed disclosing nearly 
half of them, pointing a high incidence of latent glucose metabolism disorders. In this way, it should 
be routinely evaluated in all patients with cirrhosis. Familial history of diabetes was the only inde-
pendent risk factor, suggesting that other factors in addition to liver disease may play a role. 
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1. Introduction 
Glucose metabolism disorders (GMD) are frequent in liver cirrhosis [1]. The liver plays a key role in blood glu-
cose control, thus, in the presence of chronic liver disease, the metabolic homeostasis of glucose is impaired and 
results in glucose intolerance and diabetes mellitus (DM) type 2 [2]. There is a wide variability in the prevalence 
of DM and impaired glucose tolerance (IGT) according to the literature [3]. About 50% - 80% of cirrhotic pa-
tients have IGT and 30% - 40% develop DM [4]. Moreover, DM in cirrhosis may be subclinical, since fasting 
serum glucose may be normal. In these cases, it is necessary to perform an oral glucose tolerance test (OGTT) to 
detect an impairment of glucose metabolism [2]. Previous studies have shown that the DM increases the risk of 
complications of cirrhosis and reduces survival [5]. Risk factors for GMD in cirrhosis have been thoroughly in-
vestigated. 

This study is the first one to determine the prevalence of DM and IGT in Tunisian cirrhotic patients and iden-
tify factors that might be potentially associated with GMD. 

2. Patients and Methods 
2.1. Patients 
From August 2011 to July 2012, we consecutively included patients with cirrhosis admitted to the department of 
Gastroenterology and Hepatology of Mongi Slim University Hospital in Tunis. Inclusion criteria were: presence 
of cirrhosis diagnosed according to histological analysis (Fibrosis grade 4 of METAVIR) or a combination of 
clinical criteria (splenomegaly, ascitis, collateral venous circulation), laboratory tests (decreased prothrombin 
and factor V levels, hypoalbuminemia, hypocholesterolemia) and imaging (portal venous dilatation, ascitis, 
splenomegaly on ultrasound and endoscopic portal hypertension findings); age above 18 years. Exclusion crite-
ria were: patients with chronic pancreatitis, chronic ingestion of corticosteroids, diabetes type 1, others specific 
types of diabetes and gestational diabetes. Patients with autoimmune hepatitis receiving corticosteroids were al-
so excluded from this study. 

2.2. Methods 
Age, sex, familial history of DM were recorded. We could not measure insulin resistance because it was not 
available in our center. Complications of cirrhosis (variceal bleeding, encephalopathy, ascites, infections, hepa-
tocellular carcinoma) were assessed. Child-Pugh and Meld scores were calculated. Dry body mass index (dry 
BMI) was calculated using the standard formula with dry weight in order to compare among patients with and 
without ascites and/or oedemas [6]. Patients receiving therapy with insulin or oral hypoglycemic medications 
were considered as diabetics. Other patients were tested for fasting plasma glucose (FPG) twice on different 
days after 12 hours overnight fast, and an OGTT was performed to patients with normal FPG (less than 5.6 
mmol/l). The OGTT was performed as follows, according to the WHO criteria: patients fasted for at least 12 h, 
baseline glucose level was measured; they were given 75 g of oral glucose load, and after 2 h a second sample 
was taken (2 h PG). 

According to the latest American Diabetes Association criteria (ADA) [7]: 
- DM was diagnosed if FPG ≥ 126 mg/dl (7 mmol/l) or 2 h PG ≥ 200 mg/dl (11.1 mmol/l). 
- IGT was diagnosed if 2 h PG was between 140 (7.8 mmol/l) and 199 mg/dl (11 mmol/l). 

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as approval by the 
institution’s review board. 

2.3. Statistical Analysis 
Analysis was performed using SPSS version 19. Results were expressed as mean +/− standard deviation. An 
univariate analysis searching for the factors possibly associated with GMD was firstly performed by comparison 
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between cirrhotic with and without GMD using Student t test for continuous variables and the Chi-square or 
Fisher exact test for categorical variables. Then, a multivariate analysis based on a stepwise logistic regression 
model was used to assess the independent effect of variables found significant at the univariate analysis. A 
p-value of less than 0.05 was considered statistically significant. 

3. Results 
3.1. Patient Population 
Seventy-seven patients (42 females, 35 males) with cirrhosis were included in the study. They had a mean age of 
57.1 ± 13.8 years (range: 18 - 84). The main etiologies of liver disease were hepatitis C in 28 patients, hepatitis 
B in 15 patients and autoimmune in 14 patients. The median duration of liver cirrhosis was 36 months (range: 0 
- 240 months). Regarding the severity of the liver disease, 49 patients were classified as Child-Pugh B and C and 
the mean Meld score was 14.5 ± 6 (range: 5 - 33). History of ascitic decompensation (76.6%), hepatic encepha-
lopathy (37.7%) and bacterial infections (spontaneous peritoneal infection, urinary infection and bronchopul-
monary infection) in 51.9% were the most frequent complications related to cirrhosis. Demographical and clini-
cal characteristics are given in Table 1, Table 2 and Table 3. 

3.2. Frequency of GMD 
Fifty-three (68.8%) patients were diagnosed as having GMD: DM in 33 patients (42.8%) and ITG in 20 patients 
(26%). The OGTT was able to identify 25 GMD (47.1%): 20 ITG and 5 DM. Among patients with DM, 12 
(36.3%) were diagnosed at the same time or after the diagnosis of cirrhosis so they may be considered as having 
hepatogenous diabetes. Figure 1 summarizes these findings. 

3.3. Comparison between Patients with and without GMD 
- Univariate analysis disclosed a higher proportion of female gender (p = 0.04) and more frequent familial 

history of DM (p = 0.005) in the group with GMD. 
There were no statistically differences regarding age, etiology (viral/non viral; cryptogenic/non-cryptogenic) 

of the cirrhosis, Child-Pugh and Meld scores, mean duration of liver disease, cirrhosis complications and dry 
BMI. 
- Multivariate analysis showed that family history of diabetes was the only independent risk factor for GMD 

in cirrhosis: OR = 5.1, CI = [1.6 - 16], p = 0.005. 
Table 4 and Table 5 summarize these findings. 

 
Table 1. Demographical and clinical characteristics of patients.                                                  

Characteristics N = 77 

Age (y) 57.1 ± 13.8 (18 − 84) 

Sex (females) 42 (54.5%) 

Child-Pugh score A = 28 (36.3%), B = 27 (35.1%), C = 22 (28.6%) 

Meld score 14.5 ± 6 (5 − 33) 

 
Table 2. Cirrhosis etiology.                                                                              

Cirrhosis etiology N = 77 

- HCV 28 (36.3%) 

- HBV 15 (19.5%) 

- Auto-immune 14 (18.2%) 

- Cryptogenic 11 (14.3%) 

- Alcohol 3 (3.9%) 

- NASH 1 (1.3%) 

- Others 5 (6.4%) 

HCV: hepatitis C virus; HBV: hepatitis B virus; NASH: non-alcoholic steato-hepatitis. 
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Table 3. Cirrhosis complications.                                                                         

Cirrhosis complications  

- Ascitic decompensation 59 (76.6%) 

- Oesophageal varices 59 (76.6%) 

- Bleeding oesophageal varices 27 (35.1%) 

- Refractory ascites 14 (18%) 

- Hepatic encephalopathy 29 (37.7%) 

- Hepatocellular carcinoma 17 (22.1%) 

- Bacterial infections 40 (51.9%) 
 

 
Figure 1. Results according to fasting glycemia and OGTT 
in the studied patients (DM: diabetes mellitus, OGTT: oral 
glucose tolerance test, IGT: impaired glucose tolerance).     

 
Table 4. Clinical and epidemiological characteristics of cirrhotic patients with and without GMD.                      

 Cirrhosis with GMD (n = 53) Cirrhosis without GMD (n = 24) P OR [CI 95%] 

Age 56 58 0.58  

Female gender 33 (62%) 9 (37.5%) 0.04 1.8 [0.5 - 6] 

Dry BMI (kg/m2) 25 23 0.19  

Familial history of diabetes 30 (56.6%) 6 (25%) 0.005 3.84 [1.2 - 13] 

Child Pugh score B or C 35 (66%) (58.4%) 0.51  

Mean Meld score 14 15 0.45  
Etiology of cirrhosis 
- Viral/non viral 
- Cryptogenic/non 

cryptogenic 

 
30/23 
8/45 

 
13/11 
4/20 

 
NS 
NS 

 

BMI: body mass index, GMD: glucose metabolism disorders. 
 

Table 5. Cirrhosis complications in patients with and without GMD.                                              

Cirrhosis complications Patients with GMD Patients without GMD P  

- Ascitic decompensation 77.7% 75% 0.82 

- Hepatic encephalopathy 37.7% 37.5% 0.98 

- Bleeding oesophageal varices 36.5% 33.3% 0.78 

- Hepatocellular carcinoma 21% 25% 0.67 

- Bacterial infections 54.8% 45.8% 0.47 
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4. Discussion 
IGT and DM are both frequently prevalent in cirrhosis. According to the literature, 50% - 80% of cirrhotic pa-
tients and even up to 96% have IGT while DM occurs in 30% - 40% [4] [8]. In most published studies, subclin-
ical GMD are not routinely identified with OGTT, so the magnitude of the problem is often underestimated [8]. 

Our study is relevant because it prospectively assessed overt and subclinical GMD in a Tunisian population. 
We disclosed 68.8% of GMD: 42.8% of DM and 26% of IGT, which is about 4 times more than in the Tunisian 
general population (9.9% vs 42.8%), indicating that patients with cirrhosis are a high-risk population for GMD, 
although comparison is not adequate because the design of the 2 studies is different [9]. In our series, nearly half 
of GMD were subclinical and identified with OGTT, justifying its use as a routine in practice for this population. 
In our cohort, the greater prevalence of DM than described in previous studies may be related to the use of 
OGTT or because our patients had a more severe disease, although we did not found association between sever-
ity of liver disease using Child-Pugh and Meld scores. This finding does not agree with previous studies show-
ing that the incidence of DM increases as liver function deteriorates [2] [6] [10]. 

It has been speculated that genetic and environmental factors and etiology of the liver disease, such hepatitis 
C and alcohol impair the insulin secretion [2]. Despite a high proportion of hepatitis C in our series, we did not 
found a statistically significant higher frequency of HVC in cirrhotic patients with GMD. 

Several parameters are considered as possible risk factors associated with insulin resistance and DM in the 
general population, including age, female sex, family history of diabetes and overweight [10] [11]. However, in 
patients who present DM after the development of liver cirrhosis represent a different entity, called hepatogen-
ous diabetes, classical risk factors are less frequently elicited, but this entity is not recognized by the ADA and 
the WHO [2]. In our study we could not always determine exactly if the onset of DM was before or after liver 
disease, firstly because in our population, cirrhosis is often diagnosed at the stage of complications, secondly 
because DM may be subclinical. In concordance with clinical characteristics of hepatogenous diabetes, we did 
not find a significant difference for age and BMI between diabetics and non diabetics cirrhotic patients, although 
weight was estimated subtracting ascites and oedema weight. On the other hand, familial history of diabetes was 
the only independent predictive factor for DM in cirrhosis, suggesting that they are possible adjunctive factor to 
liver disease in the arisen of DM. This is in agreement with the study of Zein et al. suggesting that cirrhosis 
alone do not always induce diabetes, and the cause of liver disease as well as environmental factors may play a 
role [12]. 

Retrospective studies have shown that DM (either type 2 or hepatogenous) increases the risks of complica-
tions of cirrhosis and reduces survival. Indeed, DM accelerates liver fibrosis and inflammation and enhance in-
cidence of bacterial infection [5]. In our study, DM was not associated with a higher prevalence of cirrhosis 
complications. These results may be related to high rate of subclinical DM which may less contribute to liver 
injury. 

Finally, it has been reported that hepatogenous diabetes is less associated with retinopathy, cardiovascular and 
renal complications and more frequently associated with hypoglycemic episodes as a result of impaired liver 
function. Liver disease abnormalities (low intravascular coagulability, low cholesterol, lower prevalence of hyp- 
ertension) as well as shorter duration of DM may explain relatively lower rate of diabetic complication in ch- 
ronic liver disease [13] [14]. 

The strength of our study is that it is the first one carried on a Tunisian population, allowing a preliminary de-
termination of the prevalence and risk factors of GMD in cirrhosis and its design cross-sectional. 

Nevertheless, our study had limitations: 
1) In patients previously diagnosed as having DM, we could not clearly determine the chronology of the instal-

lation of diabetes in order to distinguish between DM type 2 and hepatogenous diabetes. 
2) We did not determine the impact of the duration of cirrhosis on the prevalence of DM. 
3) We did not include a control group without cirrhosis to compare the incidence of diabetes complications, but 

this was not the major aim of the study. 

5. Conclusion 
In our study, the frequency of GMD was 68.8%, with a majority of DM. OGTT disclosed nearly half of GMD, 
pointing a high incidence of latent GMD in cirrhosis. In this way, it should be routinely evaluated in all patients 
with cirrhosis. Familial history of diabetes was the only independent risk factor for GMD, suggesting that other 
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factors in addition to liver disease may play a role in the development of GMD in cirrhosis. 
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