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ABSTRACT

Introduction: Cirrhosis of the liver and diabetes mellitus are
two chronic illnesses with significant impact on the quality
of life. Studies from different part of the world have shown
the combination to be associated with higher incidence of
complications of cirrhosis and reduced survival. However, data
on the impact of pre-cirrhotic and post-cirrhotic diabetes on
cirrhosis is minimal.

Aim: The aim of the study was to determine the complications
of cirrhosis patients with and without co-existent DM and to
compare the relation between cirrhosis patients with antecedent
DM and hepatogenous DM.

Materials and Methods: The present prospective study was
conducted at a tertiary care hospital in Kerala, India, over
a period of three years. Cirrhosis patients with and without
diabetes, along with subcategorization as antecedent and
hepatogenous diabetes, were studied for various complications

Keywords

INTRODUCTION

Cirrhosis of liver and Diabetes Mellitus (DM) are two chronic
illnesses with significant impact on the quality of life. The estimated
prevalence of DM in cirrhosis is 12.3%-57% [1,2]. Impaired glucose
tolerance is seen in around 80% of patients with cirrhosis whereas
30%-60% of patients with advanced cirrhosis develop diabetes
[3,4]. Diabetes developing as a complication of cirrhosis is referred
to as Hepatogenous Diabetes (HD) [3]. HD differs from type 2 DM in
that it often lacks family history, has less frequent association with
obesity, lesser incidence of micro and macrovascular complications
and has greater incidence of hypoglycaemic episodes [3,4]. The
knowledge on the pathophysiology of HD largely revolves around
the concept of insulin resistance in liver cirrhosis. Insulin resistance
is known to occur in the liver as well as peripherally in the muscles
and in adipose tissue. Peripheral hyperinsulinemia in cirrhosis is
postulated to result from decreased hepatic clearance of insulin
and portosystemic shunting [5-7]. Kim MG and Choi WC, have
demonstrated the Homeostatic Model Assessment (HOMA)-insulin
resistance index to be significantly higher in patients with HD
compared to type 2 DM [8]. Hyperinsulinemia in cirrhosis hence
probably results from the combination of insulin resistance and
increased pancreatic secretion. The complex insulin - counter-
regulatory hormone interaction together with the various genetic
and environmental factors including the aetiological factors like
alcohol, viral Hepatitis C (HCV) and hereditary haemochromatosis
are thought to result in HD [4-7,9].

The aetiology of chronic liver disease plays a crucial role in its
relation to DM. Non-alcoholic fatty liver disease, alcoholic liver
disease, haemochromatosis and HCV are found to be more
frequently associated with DM [9-12]. DM is found to be associated
with asymptomatic transaminase elevation, fatty liver, cirrhosis, and
increased incidence of complications of cirrhosis liver including
hepatocellular carcinoma [13,14]. The Verona diabetes study
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and outcome including death. Chi-square and Mann-whitney
tests were used for comparing data.

Results: Patients with cirrhosis and diabetes had higher
incidence of gall stones (27.6% versus 13.2%; p=0.008) and
urinary infection (29.3% versus 7.5%; p=<0.001). Incidence of
hepatocellular carcinoma and mortality were similar between the
groups. Patients with antecedent diabetes and hepatogenous
diabetes were similar with respect to complications and
mortality. Child-Turcotte-Pugh (CTP) score, Model for End
stage Liver Disease (MELD) score, urinary tract and respiratory
infections and duration of cirrhosis were independent predictors
of mortality in patients with cirrhosis.

Conclusion: Coexistent diabetes mellitus increases the
incidence of complications and hospitalizations in cirrhosis
patients but without impact on mortality rates. There is no
significant morbidity or mortality difference between cirrhotics
with antecedent diabetes and hepatogenous diabetes.

: Carcinoma, Complications, Hepatocellular, Urinary tract infection

identifies cirrhosis as the fourth leading cause of death among
diabetics (4.4% of diabetes related deaths) while according to
the Paris prospective study cirrhosis causes 12.5% of deaths in
diabetics [15,16].

Coexistence of DM and cirrhosis however is not indolent but often
more ominous than each of these entities independently. Studies
from various parts of the world have shown the combination to be
associated with higher incidence of complications of cirrhosis and
reduced survival irrespective of the aetiology of cirrhosis [9,14].
However, the data is sparse from the Indian subcontinent regarding
the impact of DM on various facets of cirrhosis liver. Also, to the best
of our knowledge no study from India till date has compared the
differences between pre-cirrhotic and post-cirrhotic diabetes with
respect to its impact on liver disease.

The primary aim of the current study was to compare the
complications and mortality of cirrhosis patients with and without
co-existent DM. Also, to determine differences in complications of
cirrhosis patients with antecedent DM and hepatogenous DM.

MATERIALS AND METHODS

This prospective observational study was conducted at Government
Medical College, Kozhikode, Kerala, India. Patients with diagnosis
of cirrhosis liver and satisfying the inclusion criteria attending the
Department of Gastroenterology from January 2009 to January
2011 were enrolled in the study and were regularly followed since
enrolment until death or January 2013 whichever was earlier.
Patients aged between 18 to 75 years with diagnosis of cirrhosis
with or without antecedent DM were included in the study group.

The diagnosis of cirrhosis was based on a combination of history,
physical examination, laboratory and radiological investigations
and upper Gl endoscopy. Diagnosis of DM, impaired fasting
glucose and impaired glucose tolerance were based on the expert
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committee follow up report on the diagnosis of diabetes mellitus;
20083 [17]. Patients with secondary diabetes, chronic pancreatitis,
Hepatocellular Carcinoma (HCC) or other neoplasms at the time of
enrolment, chronic renal failure, chronic cardio-respiratory illnesses
and pregnant females were excluded from the study. Institutional
Research and Ethical Committee approval were obtained to conduct
the study. Informed written consent was obtained from patients
before enrolment into the study.

All patients underwent complete haemogram, renal and liver
biochemistries, serum electrolytes, o fetoprotein and abdominal
sonogram at baseline. Child-Turcotte-Pugh (CTP) and Model for
End stage Liver Disease (MELD) scoring were calculated using
presence of ascites or encephalopathy, albumin, creatinine, bilirubin
and International Normalised Ratio (INR) [18]. At each visit the
patients were enquired about any major health related events or
hospitalizations. Investigations were repeated six monthly in all
patients or when hospitalised. Patients who failed to follow up
regularly were contacted over telephone. Diagnostic paracentesis
was performed at baseline in patients with ascites or at development
of ascites while on follow up and or whenever there was clinical
suspicion of Spontaneous Bacterial Peritonitis (SBP). Development
of SBP, other infections/sepsis, hepatic encephalopathy, renal
failure, hepatocellular carcinoma as well as death were noted.
Patients were assigned into two groups; patients with cirrhosis
and diabetes (Group A), and patients with cirrhosis without DM
(Group B). Patients with cirrhosis and diabetes were further sub
grouped as those with diagnosis of diabetes prior to the diagnosis
of cirrhosis {Antecedent Diabetes (AD)} and those having diagnosis
of diabetes after detection of cirrhosis (hepatogenous diabetes
or HD). Demography, aetiology, laboratory data and the disease
course over the follow up period were compared between Group A
and B as well as between AD and HD.

STATISTICAL ANALYSIS

Quantitative variables were expressed as mean + standard deviation
and compared using t-test or Mann Whitney U test. Categorical
variables were compared using Chi-square test. Predictors of
mortality were analysed initially using univariate analysis and those
found statistically significant were put into a multivariate forward
conditional logistic regression to obtain the best model with adjusted
odds ratios and 95% confidence intervals. A p-value <0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics

A total of 291 patients were found to be eligible for the study. Out of
this, 69 patients lost to follow up and hence excluded from analysis
and the rest 222 patients were included in the final analysis. A total
of 116 patients had DM and cirrhosis, of which 59 were diagnosed
to have HD while 48 had AD and nine patients had a simultaneous
diagnosis of cirrhosis and diabetes. Alcohol and cryptogenic
cirrhosis were the most common cause in both the groups, followed
by hepatitis B and C. During the course of study, majority of patients
were euglycaemic (n=106/222).

Patients were divided into cirrhosis with diabetes (Group A) and
cirrhosis without diabetes (Group B) and baseline characteristics
are depicted in [Table/Fig-1].

Mean age of patients were 54.90 years in Group A and 54.05 years
in Group B. In the study, 96 (82.76%) of those with diabetes and 88
(83.02%) of those without diabetes were males. The mean duration
of diabetes was 35.04 months for the entire diabetic cohort. Also,
55 (47.4%) of those with diabetes and 63 (59.4%) of non-diabetics
gave history of alcohol consumption in cirrhogenic doses. Duration
of cirrhosis in months was 20.05 and 19.63 respectively for Group A
and B. The CTP and MELD scores were 9.96 and 16.21 in Group A
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versus 9.90 and 16.02 in Group B. The total serum bilirubin, albumin
and Prothrombin Time (PT) prolongation were 3.80 mg/dl, 2.81 gm/

T Group A [n=116, | Group B [n=106 .
(Mean = SD)] (Mean = SD)] P

Age (years) 54.90+9.04 54.05+10.95 0.528
Duration of cirrhosis 20.05+20.34 19.63+17.66 0.870
(months)
Total bilirubin (mg/ 3.80+4.12 3.76+3.26 0.926
dl)
Albumin (gm/dl) 2.81+0.55 2.97+0.47 0.017*
PT* prolongation 6.10+£3.85 6.01+3.87 0.864
(seconds)
CTP/Child turcotte 9.96+2.69 9.90+2.67 0.866
pugh score
MELD* score 16.21+£5.51 16.02+6.13 0.810
Hemoglobin (gm/dl) 9.95+1.91 9.76+1.83 0.483
Total leukocyte 7302.32+3995.51 | 7132.08+2466.60 0.706
count (cells/mm?)
Platelet count (lakh 0.98+0.64 1.09+0.51 0.168
cells/mm?)
Creatinine (mg/dl) 1.20+0.69 1.12+0.58 0.330
Sodium (mEag/L) 130.55+6.58 129.56+6.42 0.256
Ferritin (ng/ml) 215.10+179.59 111.92+79.89 <0.001*

[Table/Fig-1]: Comparison of baseline variables between patients with cirrhosis
and diabetes [Group A] and cirrhosis with no diabetes [Group BJ.

#PT=Prothrombin time, MELD=Model for end stage liver disease; *:statistically significant (t test
used to compare data)

dl'and 6.1 seconds for Group A while were 3.76 mg/dl, 2.97 gm/dl
and 6.01 seconds in Group B respectively. Mean serum ferritin level
was 215.1 ng/ml in Group A while it was 111.92 ng/ml in Group B.
Diabetic patients were hospitalised for a mean of 3.82 times (24.03
days) while non-diabetics were admitted 3.24 times (16.91 days).
The mean number of upper gastrointestinal bleed and spontaneous
bacterial peritonitis were 1.76 and 0.63 versus 1.30 and 0.59 for
Group A and B respectively. Baseline demographic, clinical and
laboratory variables of patients are summarized in [Table/Fig-1].

Cirrhosis with Antecedent Diabetes Versus
Hepatogenous Diabetes

Mean age of patients were 55.58 years and 54.51 years in HD and
AD groups respectively. In the study, 41 (85.4%) of those with AD
and 46 (78%) of those with HD were males. The mean duration of
diabetes in months was 70.71 and 7.80 for HD and AD respectively.
Duration of cirrhosis in months was 13.31 and 25.02 respectively
for HD and AD groups. The CTP and MELD scores were 9.96 and
15.50 in HD patients while it was 9.90 and 15.85 in AD patients.
The total serum bilirubin, albumin and PT prolongation were 3.90
mg/dl, 2.85 g/dl and 5.58 seconds for HD patients while were 3.45
mg/dl, 2.75 g/dl and 6.27 seconds in AD patients. The mean serum
ferritin levels were 228.94 ng/ml in HD arm while it was 203.35
ng/ml in AD arm. Baseline demographic, clinical and laboratory
variables of patients are summarized in [Table/Fig-2]. Complications
and mortality were compared among the study patients and are
depicted in [Table/Fig-3]. Urinary Tract Infection (UTI) was more
common amongst diabetics [29.3% versus 7.5%; p=<0.001] while
cellulitis and Lower Respiratory Tract Infections (LRTI) were similar
across the groups. Gallstones were significantly more common
amongst diabetic cirrhotics (27.6% vs 13.2%, p=0.008).

Predictors of Mortality

A total of 95 (42.8%) patients expired during the study period; 53
(45.7%) in the diabetic arm and 42 (39.6%) in the non-diabetic
arm. The mortality rates were not statistically significant between
the two arms (p=0.361). The mean duration of cirrhosis in months
was significantly more in patients who died (24.79 versus 16.16;
p=0.001). Majority of patients with cirrhosis who died belonged to
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Group Group Variables Survived Died p-value
P t HD[n=59,(M AD[n=48,(M -val o _
arameters [n i SD()] ean [n i SD()] ean [PEE Quantitative variables (Expressed as mean+/-SD)
Age (years) 55.58+8.64 54.5149.90 0.556 Age (years) 54.76+10.0 54.1319.9 0.639
Duration of cirrhosis 13.31+14.85 25.02+421.95 0.002* Duration of cirrhosis (months) 16.16+£15.9 24.79+21.6 0.001*
(months) Duration of DM (months) 15.76+39.2 21.72+43.4 0.287
Duration of DM 70.71£51.59 7.80+10.96 <0.001* Total bilirubin (mg/dl) 232+1.6 5.74+4.6 <0.001*
(months)
Aloumin (gm/dl) 3.08+0.44 2.62+0.49 <0.001*
Total bilirubin (mg/ 3.90+5.15 3.45+3.11 0.579
d) PT# prolongation (seconds) 4.65+2.6 7.94+4.3 <0.001*
Albumin (gm/dl) 2.85+0.60 2.75+0.54 0.389 CTP/Child turcotte pugh score 8.6+2.1 11.7£2.2 <0.001*
PT* prolongation 5.58+4.07 6.27+3.48 0.346 MELD* score 13.45+3.8 19.68+6.0 <0.001"
(seconds) Hemoglobin (gm/d) 10.12+1.80 9.51+1.89 0.015*
CTP/Child turcotte 9.96+2.69 9.90+2.67 0.808
pugh score Inor;i') leukocyte count (cells/ 6703.69+2228 | 7912.63+4340 |  0.007*
MELD" score 15.50+5.60 15.85+4.80 0.730 Platelet count (iakh cells/mm?) 1.14+0.6 0.90+0.4 0.002*
Hemoglobin(gm/dl) 10.36+1.98 9.64+1.84 0.054 Creatinine (mg/d) 1.0340.3 1.3540.8 <0.001*
Total leukocyte 7527.29+3710.49 | 7197.61+4445.47 0.682 Sodium (MEg/L) 131.6145.7 128.03+6.8 <0.001*
count (cells/mm?)
Platelet count (iakh 1.05+0.69 0.94+0.63 0.417 Fertitin (ng/m)) 162.65+150 | 170.63+150 0.681
cells/mm?) Number of hospitalisations 3.28+1.9 3.88+2.3 0.040*
Creatinine (mg/dl) 1.23+0.88 1.09+0.42 0.258 Duration of hospitalisation (days) 17.27£11.5 25.12+15.0 <0.001*
Sodium (mEg/L) 130.48+5.09 130.80+7.33 0.800 Number of SBP* episodes 0.39+0.6 0.92+0.9 <0.001*
Ferritin (ng/ml) 228.94+164.61 203.35+197.91 0.475 l:uismokéeersof variceal bleed 151413 158+16 0.951
[Table/Fig-2]: Comparison of baseline variables between Hepatogenous diabetes P
[HD] and Antecedent diabetes [AD]. Categorical variables
*PT=Prothrombin time, MELD=Model for end stage liver disease; *:statistically significant (t test o
used to compare data) Male sex (%) 85.83 78.95 0.178
DM* (%) 49.61 55.79 0.361
Parameters A B p-value | AD HD | p-value é(tert:g:g)g(% /(E)Alcohol: Cryptogenic: | ) 2. 54611 | 51.6:38.9:95 | 0.899
Cellulitis 16.7% 11.3% 0.394 16.7% 18.6% 0.913
156.7: 49.6: *
UTI* 29.3% 7.5% <0.001* | 31.2% 28.8% 0.535 CTP Class A: B: C (%) 347 2.1:16.8: 81.1 0.001
LRTI* 25.9% 22.6% 0.576 31.3% 22% 0.281 UTI* (%) 11.02 29.47 0.002*
Gall stones 27.6% 13.2% 0.008* 31.3% 271% 0.639 LRTI* (%) 17.32 33.68 0.005*
HCer 1.8% | 7.5% 0290 | 16.7% | 6.8% 0.107 Cellulitis (%) 10.24 18.95 0.064
Deaths 45.7% 39.6% 0.361 43.8% 45.8% 0.835 HCCH (%) 7.09 12.63 0.162

[Table/Fig-3]: Comparison of complications in the study groups.

#UTI: Urinary tract infection, LRTI: lower respiratory tract infection, HCC: Hepatocellular carc-
noma; *:statistically significant (t test used to compare data)

child class C (n=77, 81.1%). UTI, LRTI and SBP were significantly
more common in those cirrhosis patients who had a fatal outcome
(p=0.002, 0.005, <0.001 respectively). [Table/Fig-4] compares
patients who died versus those who survived in the current study.
Logistic regression identified a model (Cox and Snell R? value is a
goodness of fit statistics used in logistic regression to evaluate the
goodness of model; A value of 0.387 indicate 38.7% variability in
outcome can be explained by the model parameters together) with
following variables-Child (CTP) score, MELD score, UTI, LRTI and
duration of cirrhosis as predictors of mortality as shown in [Table/
Fig-5].

DISCUSSION

Cirrhosis is known to cause dysglycaemia by a variety of mechanisms
while diabetes predisposes patients to serious liver diseases [19].
DM has also been demonstrated to have significant impact in
patients with cirrhosis making the association more ominous than
expected. DM is found to be associated with greater incidence of
complications and mortality in cirrhosis [19].

In cirrhotic patients with and without diabetes, most of the baseline
characteristics were comparable. Diabetic patients had lower
albumin compared to non diabetics, which maybe secondary to
albuminuria in diabetes, which is more pronounced in cirrhosis
[20,21].

The serum ferritin levels were significantly higher in cirrhosis with
diabetes. High ferritin in diabetes is well described in studies
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[Table/Fig-4]: Comparison of variables and complications between patients who
survived and died.

*PT:Prothrombin, MELD: Model for end stage liver disease, SBP: spontaneous bacterial peritoni-
tis, DM: diabetes mellitus, UTI: Urinary tract infection, LRTI: Lower repiratory tract infection, HCC:
Hepatocellular carcinoma; *:statistically significant (t test used to compare data)

N -

Variables Odds ratio 29 /o_conﬁdence p-value
interval

CTP/Child turcotte 142 147172 <0.001

pugh score

MELD* score 1.16 1.06-1.27 0.002

Ut 2.50 1.04 - 5.99 0.041

LRTI* 2.26 0.99-5.17 0.053

N )
PT" prolongation 1.02 1.00 - 1.04 <0.001
(seconds)

[Table/Fig-5]: Analysis showing various predictors of mortality among patients
with cirrhosis and diabetes.

*MELD: Model for end stage liver disease, UTI: Urinary tract infection, LRTI: Lower respiratory
tract infection. Cox and Snell regression analysis test used.

[22,23]. Lecube A et al., had shown that patients with chronic
hepatitis C infection had higher ferritin levels and was secondary
to concomitant diabetes rather than the infection proper [24]. The
exact mechanism of high ferritin levels in diabetes is still unclear.
It has been demonstrated that the ferritin levels will be elevated in
chronic inflammatory disease, which is one of postulated cause of
diabetes [25-27].

Our study has found the occurrence of complications were more
in the diabetes group than the non-diabetes group. The incidence
of urinary tract infections and gall stones were significantly more in
diabetic cirrhotics than non-diabetics. Previous studies in cirrhosis
patients have demonstrated the higher incidence of bacterial



Thazhath Mavali Ramachandran et al., Cirrhosis of Liver and Diabetes Mellitus: The Diabolic Duo?

infections in those with DM, owing to its immunosuppressive
effects [28-32]. In the current study, the incidence of LRTI and SBP
was however not different between the diabetic and non-diabetic
patients, cirrhosis per se is associated with a greater incidence
of gall stones but mostly asymptomatic [33,34]. The postulated
mechanisms for the increased risk of gall stones in cirrhosis include
haemolysis secondary to hypersplenism, hyperestrogenism,
alterations in the composition of bile due to aberrations in hepatic
synthesis and transport of bile salts as well as unconjugated bilirubin
[35]. Likewise, DM by itself is a risk factor for gall stone disease
even in the general population [36]. Considering the increased risk
of gall stones in DM and cirrhosis it is logically expected that the
incidence of gall stones is more in cirrhosis with DM than those
without diabetes. In the current study, only 10.9% patients had
symptoms pertaining to gall stone disease, while the rest where
silent gall stones detected during abdominal sonogram.

Another finding from this study is the increased incidence of portal
hypertensive upper gastrointestinal bleeds in patients with cirrhosis
and diabetes. A recent study had concluded that insulin resistance
and hepatogenous diabetes were having a positive correlation with
portal hypertension and variceal bleeding [37].

In our study, there was no statistically significant difference in the
incidence of HCC or death even though both were slightly higher
in the diabetic group. There is mounting body of evidence in
medical literature to suggest an increased risk of HCC in type 2
DM. Patients with cirrhosis related to alcohol, hepatitis viruses B or
C when associated with DM are found to have higher risk of HCC
[38,39]. Some studies have demonstrated an increased mortality in
cirrhosis patients with diabetes [40-43]. The increased mortality was
however not due to the classical diabetes-related complications, but
mostly due to liver disease related complications. The prognostic
significance of DM was relevant only when patients who died of
gastrointestinal bleeding, were excluded [43]. Also, most of the
studies that had identified DM as a prognostic variable were long
term studies with a mean follow up period more than five years
suggesting that DM might be a long term prognostic variable
[43-46]. The shorter follow up duration in the current study might
have contributed to the non-significance of the potential adverse
prognostic impact of DM on cirrhosis.

In cirrhotic patients with antecedent and hepatogenous diabetes,
incidence of complications was almost similar except for upper
Gl bleeds, hospitalizations, HCC and deaths. HD is postulated to
increase the morbidity and mortality associated with cirrhosis [3].
The postulated mechanisms are however similar to those operating
in patients with cirrhosis and AD [3,43]. The current study did not
reveal any difference in complications or prognosis of liver disease
between the two groups.

Greater duration of cirrhosis, higher CTP and MELD scores were
associated with mortality. More PT prolongation, increased total
bilirubin, creatinine, low levels of platelets, sodium and albumin were
associated with poorer outcome. UTl and LRTI as well as SBP were
also associated with higher mortality. Number of hospital admissions
was also more common in patients who expired. Diabetes,
antecedent or hepatogenous was not found to be a predictor of
mortality in cirrhosis. Logistic regression revealed CTP score, MELD
score, UTI, and duration of cirrhosis to be independent predictors
of mortality. The findings in the current study are consistent with
published literature with respect to most of the analysed variables
[43-47].

LIMITATION

The major limitation of the study was shorter follow up. Cirrhosis and
DM both being long term diseases the current short duration of study
might have missed atleast some of the impacts of DM on cirrhosis
liver. Again it is always possible that either of cirrhosis or diabetes
might have developed initially and had remained undiagnosed until
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evaluated for the other, thereby confounding the diagnosis of HD
versus AD. Yet another limitation is that an oral glucose tolerance
test has not been performed for any of the patients included in the
study. If it was performed it might have led to identification of a
few patients with impaired glucose tolerance but without overt DM.
Inadvertently this might have led to misclassifying atleast some
patients as having no diabetes.

CONCLUSION

In conclusion, co-existent diabetes increases the incidence of
complications in patients with cirrhosis. Although, AD and HD did
not show significant differences in outcome, it is worth mentioning
separately to characterize natural history of diabetes in cirrhotics.
Antecedent and hepatogenous diabetes are less described entities
in most of the studies and requires longer follow up studies to
understand the progression of disease.
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