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ABSTRACT

Background. Recent studies have demonstrated a relationship between insulin resistance (IR) and type 2
diabetes mellitus (T2DM). The aim of this study was to determine the prevalence of T2DM among patients
with liver disease. Methods. A retrospective study was performed by examining the charts of patients who
presented with a diagnosis of liver disease at a university hospital between January 2006 and April 2010.
Results. Liver disease was found in 129 patients. The most prevalent liver disease was cirrhosis, with 61 pa-
tients (47.2%), 44 patients had hepatitis C virus (34.1%) and 28 patients had hepatocellular carcinoma
(21.7%). T2DM was diagnosed in 30 patients, 18 of whom were male (18/60; 30%) and 12 of whom were fema-
le (12/69; 17.4%). Only liver cirrhosis was significantly related to T2DM (21 of 61 patients; 34.4%, p < 0.004).
Conclusions. The prevalence of T2DM among patients with liver disease (23.2%) is well established and simi-
lar to that reported in Western and some Eastern countries.
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INTRODUCTION

In Mexico, liver disease has increased over the
last few decades, with its incidence estimated to be
39.4 per 100,000 inhabitants. Mortality trends from
liver disease have increased considerably. For exam-
ple, in 2002 liver diseases represented the fifth lea-
ding cause of death in the general population,
whereas in 2007 liver disease became the third lea-
ding cause of death, after cardiovascular diseases
and T2DM.12

The most common liver diseases include fatty li-
ver disease, such as alcoholic and NAFLD, infection
with HAV, HBV and HCV, hemochromatosis and ad-
vanced disease states such as NASH, cirrhosis, liver
failure and HCC.3 Autoimmune hepatitis and drug-
induced liver disease also have an important impact
on the liver.
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In contrast, diabetes mellitus is a chronic disease
that has increased in prevalence and incidence
around the world over the last few decades. T2DM is
responsible for about 90-95% of cases of diabetes
and studies show that some populations are more
prone to developing this disease, such as the Mexi-
can population. In Mexico, an alarming increase in
the prevalence of this disease has occurred. In 1995
4% of the population had T2DM,* by 2006 this had
risen to 7%.5 It is estimated that, in Latin America,
the overall prevalence of T2DM in 2025 will be 8.7%,
and is expected to be even higher in Mexico and Bra-
zil.b

The physiological basis of the T2DM is IR, which
is defined as an increased need for insulin in the pe-
ripheral tissues (muscle and adipose) to achieve nor-
mal blood-glucose levels and to reduce the glucose
output in the liver’. IR is responsible for causing mi-
cro- and macrovascular complications throughout
the body. Some studies relate IR with deleterious
effects on the biliary tract and liver, such as the in-
duction of gallstones and NAFLD. NAFLD is consi-
dered the most common chronic liver disease in
Western countries and is involved in the manifesta-
tion of metabolic syndrome, a pathology already pro-
ven to be intrinsically related to IR.® Furthermore,
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IR tends to favor the progression of NAFLD to
NASH, cirrhosis and HCC.?

Recent studies have also confirmed a close rela-
tionship between IR and other liver diseases. Chro-
nic hepatitis, like that caused by HBV, HCV,
hemochromatosis, cirrhosis and HCC, has also been
associated with IR. Some authors have reported
“hepatogenous diabetes”, which is recognized by the
World Health Organization as an independent enti-
ty that refers to the development of the T2DM due
to cirrhosis.1®

Because of the large impact T2DM has on the epi-
demiology of liver disease, the aim of this study was
to determine the prevalence of T2DM among pa-
tients with liver disease.

METHODS

Population

A retrospective study was performed examining
medical data of patients’ charts from a university
hospital in Mexico City who presented with a dis-
charged diagnosis of liver disease between January
2006 and April 2010. The liver diseases considered
were NAFLD, NASH (both of them confirmed
through a biopsy report in the file), HBV, HCV, he-
mochromatosis, primary biliary cirrhosis, autoim-
mune hepatitis, nonspecific hepatitis, cirrhosis, HCC
and metastatic hepatic carcinoma.

Demographic, anthropometric, biochemical and
metabolic variables including age, sex, type of liver
disease, presence or absence of T2DM diagnosis,
weight, size, BMI, SBP and DBP were registered.
Laboratory results including serum glucose, plate-
lets (PLTSs) lipids profile (cholesterol, triglycerides
(TG), high density lipoprotein cholesterol (c-HDL)
and low density lipoprotein cholesterol (c-LDL)), 1i-
ver function tests (alanino amitransferase (ALT),
aspartate aminotransferase (AST), alkaline phos-
phatase (AP), gamma glutamil transpeptidase
(GGT), lactic dehydrogenase (LDH)), bilirubins (to-
tal, direct and indirect), prothrombin time (PT) and
activated partial thromboplastin time (aPTT) were
also registered. Of these laboratory measurements,
only the presence of serum glucose was essential to
our analysis.

Some variables were separated according to the
values established in the Adult Treatment Panel III
to assess whether metabolic syndrome was present.
This entity can be detected if there are three or
more of the following criteria: serum glucose > 110
mg/dL; overweight (BMI > 25) or obesity (BMI > 30);

hypertension (SBP > 130 and/or DBP > 85); HDL < 40
for men and < 50 mg/dL for women; LDL > 150
mg/dL and waist circumference > 88 ¢m for women
and > 102 ecm for men; however, the final criterium
of waist circumference was not considered for this
study.

Statistical analysis

Data was organized using Microsoft Office Excel
2007 software (Microsoft Office Enterprise 2007).
Statistical analysis was performed with SPSS Sta-
tistics v.17 software (LEAD Technologies, Chicago,
IL). The mean = SD and independent samples t tests
were used to describe the distribution of continuous
variables when comparing for the presence or absen-
ce of T2DM. Chi-square testing for linear trends was
used to assess whether there was an association bet-
ween the T2DM and each liver disease. For multiva-
riate analyses, logistic regression was conducted to
complement and corroborate results.

RESULTS

A total of 129 patients were detected with the
diagnosis of chronic liver disease: 65 were male
(46.5%), 14 were female (53.5%) and all were diag-
nosed with chronic liver disease. The mean age was
53 = 16 years. Age, weight, BMI, SBP, DBP and
serum glucose were significantly higher in the diabe-
tic patients, whereas PLTs, AST and total proteins
presented a trend to significance. The remaining pa-
rameters are shown in Table 1.

The most prevalent liver disease was cirrhosis
with 61 patients (47.2%) having this condition, fo-
llowed by 44 patients with HCV (34.1%), 28 patients
with HCC (21.7%), 18 patients with NAFLD
(13.9%) of which 8 cases presented NASH (9.3%), 12
patients with metastatic carcinoma (9.3%), 8 pa-
tients with autoimmune hepatitis and nonspecific
hepatitis (6.2% each), six patients with HBV (4.6%),
three patients with primary biliary cirrhosis (2.3%),
and one patient with hemochromatosis (0.77%).
There were also found some cases in which several
pathologies coexisted: 31 cirrhotic patients and 15
with HCC presented HCV (50.8% and 53.6% respec-
tively). 16 patients with HCC also presented cirrho-
sis (57.1%). Lesser cases of other relationships were
presented, but due they are not relevant to the stu-
dy, they are not mentioned.

T2DM was diagnosed in 30 patients, 18 male
(60%) and 12 female (40%). The prevalence of T2DM
in males was 30% and 17.4% in females (p = 0.076).
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Table 1. Anthropometric, metabolic and biochemical characteristics registered according to the absence or presence of T2DM

diagnosis.

Variable Without T2DM With T2DM p Value
Age (yr) 50 + 16 64 + 11 0.000
Weight (kg) 66.4 + 13 73.1 + 14.1 0.022
BMI 243 £ 5.6 26.3 +4 0.036
SBP (mmHg) 110.4 + 13 117.6 + 11.9 0.008
DBP (mmHg) 69.9 £+ 9 75 + 10 0.010
Hemoglobin (g/dL) 12.6 £ 2.2 12 £+ 2.6 0.3
Platelets (cells/mm3) 159.4 + 112.9 132.1 £ 72 0.133
Serum glucose (mg/dL) 105 + 24.3 183.8 + 89.4 0.000
Triglycerids (mg/dL) 141.3 + 128.7 176.1 + 105 0.49
Cholesterol (mg/dL) 136.4 + 62.6 163.7 + 69.2 0.288
c-HDL (mg/dL) 27.7 + 13.8 25.8 + 10.8 0.737
c-LDL (mg/dL) 126.4 + 153.9 110.6 + 79.9 0.754
Direct Bilirubin (mg/dL) 3+4.8 265 0.762
ALT (IU/L) 466.9 + 1137 238.5 + 918.2 0.291
AST (IU/L) 453 + 1188 186.4 + 514.8 0.102
PA (IU/L) 179.8 + 205.1 164.2 + 149 0.666
GGT (IU/L) 175.2 + 271 146.5 £ 172.3 0.515
LDH (IU/L) 394.9 + 779.7 268.5 + 203.4 0.176
PT (sec) 13.3 + 3.8 13.8 + 3.8 0.541
aPTT (sec) 30.4 £ 6.5 28.7 + 4.1 0.307
Total Proteins (g/L) 6.6 £ 2.5 6 +1 0.071
Albumin (g/L) 2.9 +0.74 2.7 £ 0.74 0.355

BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure. PLT: platelets. TG: triglycerides. TC: total cholesterol. c-HDL: high-density
lipoproteins cholesterol. c-LDL: low-density lipoproteins cholesterol. DB: direct bilirubin. ALT: alanine aminotranferase. AST: aspartate-aminotransferase. AP:
alkaline phosphatase. GGT: gamma-glutamy! transpeptidase. LDH: lactic dehydrogenase. PT: prothrombin time. aPTT: activated partial thromboplastin time.

p = 0.004

70 344

p = 0.55
22.7%

[ Without T2DM

Il vith T2DM

p =0.069
3575 P= 0.059
22.2% p=0.58
=0.59
20% 25% p=0.59
5%
10

Cirrhosis HCV HCC NAFLD

Table 2. Prevalence of T2DM within age groups.

Metastatic Autoimmune

Figure 1. Prevalence of T2DM in pa-
tients with liver disease. The figure
shows the prevalence of liver disease in
patients with T2DM compared with pa-
tients without T2DM. Only cirrhosis was
statistically significant whereas HCC
showed a tendency towards significan-
ce. T2DM: type 2 diabetes mellitus.
HCV: hepatitis C virus. HCC: hepatoce-
llular carcinoma. NAFLD: nonalcoholic
fatty liver disease. NASH: nonalcoholic
steatohepatitis. VHB: hepatitis B virus.

Age group (yrs) Patients Prevalence (%) p Value
0-19 0/2 0 0.588
20-29 0/8 0 0.112
30-39 1/18 5.6 0.043
40-49 3/16 18.8 0.462
50-59 4/35 11.4 0.039
60 or older 22/50 44 0.000
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Figure 1 shows the prevalence of T2DM in patients
with each liver disease.

According to the ATPIII standardized variables
used, there was a significant relationship between
high BMI (overweight; 31.4%, p = 0.061), overweig-
ht/obesity (30.9%, p = 0.024), SBP > 130 (41.2%,
p = 0.063), DBP > 85 (44.4%, p = 0.12) and T2DM
in these patients. Obesity alone was not significant
(29.4%, p = 0.29).

A greater prevalence of T2DM was observed in ol-
der patients. Table 2 shows the prevalence of T2DM
according to group age.

Liver cirrhosis was related to T2DM (21/61pa-
tients with cirrhosis; 34.4%, p < 0.004) and when
submitted to the multivariate study (including va-
riables with p < 10) and adjusted for variables such
as sex, age > 60 years, weight, BMI, SBP > 130,
DBP > 85 and PLT, it remained significant.

DISCUSSION

The overall prevalence of T2DM in the population
studied was 21.5%. Among patients with cirrhosis,
the prevalence of T2DM we found was similar to
that found in the United States (US) (25-34%);7-11:12
however, it was lower than that found in Brazil and
Japan (64.5%'2 and 30.8%,* respectively).

The prevalence of HCV in our study was similar to
that reported in Europe (Italy 23%, Greece 13%, Spain
23%)15-17 and Asia (Israel 39%, Saudi Arabia 22%, Ja-
pan 20.9%)1418.19 hut lower than that in the US (33%).
Interestingly, HCV genotypes 1 and 4 have been asso-
ciated with the development of IR and T2DM compa-
red with genotypes 2 and 3 (37% vs. 17%).%°

The prevalence of HCC among diabetics in our
study was lower than that found in some regions of
Europe, such as Italy (31.2%)2! but higher than
that reported in Greece (18%)22 or the US (9.7%).23

The prevalence of NAFLD is reported to be 20-25%
in the general population and up to 75-92% in obese
people in the US.2425 The Dionysos study, a cohort
follow-up study carried out in Italy, reported a preva-
lence of T2DM of 30-50% in patients with NA-
FLD;2426 however, in other case-controlled studies,
the prevalence has been reported to be up to 80%.27
In the Philippines the prevalence of NAFLD in pa-
tients with T2DM is reportedly 60%2® and in Mexico
it is estimated to be around 15.9%, which is corrobo-
rated by USG, although a proton magnetic resonance
spectroscopy-based study in the US with Hispanics
showed a prevalence of NAFLD of 45% in patients
with T2DM.2%0 In the present study, we found a lo-
wer prevalence of NAFLD in patients with T2DM.

In our study, the prevalence of NASH in patients
with T2DM was similar to that found in other studies
conducted in Asia (India), which report prevalences
of 25%3! and 27%,3? and other regions such as the
US where the overall prevalence is reportedly 3-5.7%
and as high as 25-45% in diabetic patients 243234

Autoimmune hepatitis may not be as common as
other liver diseases; however, in Western countries
it is estimated to have a prevalence of 11-20%, which
is somewhat lower than the prevalence we found. In
Eastern countries, such as India, the prevalence is
even lower, at 1.5%, although it can be as high as
39.5% in diabetics,?® which is much higher than the
prevalence we found. Additionally, in Brunei, Asia,
a prevalence of T2DM of 21% in patients with au-
toimmune liver disease has been reported.?6 It is im-
portant to notice the “drug-induced diabetes” since
most patients with autoimmune hepatitis undergo a
corticosteroid treatment; nevertheless, in only one
patient was referred the use of prednisone and he
was not a case of T2DM.

Some studies have reported a prevalence of hemo-
chromatosis in patients with T2DM of 0.4%37 to
1.34%38 within the US; however, it can reach up
to 50-85% in patients with hereditary hemochromato-
sis.?9 We found only one patient with hemochroma-
tosis in our study; however, he did not present
T2DM. Some authors also suggest that hemochro-
matosis is poorly diagnosed in diabetic patients and
among patients with liver disease.

Concerning chronic hepatitis of viral origin, in
the US HBV has been reported to be associated with
diabetes in up to 8%16 or 12%%° of patients. In Ja-
pan, the prevalence is about 11.9%1* whereas we
found it to be somewhat higher. Table 3 shows the
relevant data.

We found a significant relationship between cirrho-
sis and T2DM confirming the presentation of the “he-
patogenous  diabetes” in  our  population.
Garcia-Compean, et al. comment that in hepatogenous
diabetes, IR, which is induced by cirrhosis, forms the
pathophysiological basis of the development of T2DM.
At the same time HCV, AFLD and NAFLD, NASH
and hemochromatosis may lead to cirrhosis or even
dysfunction of the pancreatic b-cells, which directly
promotes T2DM.%° Nevertheless, in our study there
was no significant correlation between NAFLD, NASH
and HCV with T2DM, as have been documented in se-
veral other reports.1%3641 This may be explained since
the small population studied. We also found that HCC
correlated with T2DM; however, when submitted to
multivariate analysis this correlation lost its signifi-
cance. This may be explained by more than half of the
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Table 3. Prevalence of T2DM in association with liver disease worldwide.

Study Country Prevalence (%)

Hepatitis B Virus

Arao M, et al. 2003 Japan 16.7
Knobler H, et al. 2000 us 12
This study Mexico 16.7
Hepatitis C Virus
Moucari R, et al. 2008 uUs 33
Mangia A, et al. 1998 Italy 23
Lecube A, et al. 2004 Spain
Arao M, et al. 2003 Japan 20
Singal AK, et al. 2008 Saudi Arabia 22
Fraser GM, et al. 1996 Israel 39
This study Mexico 22.7
Non-Alcoholic Fatty Liver Disease
Dixon JB, et al. 2001 us 20-45
Gaiani S, et al. 2009 Italy 80
Bellentani S, et al. 2007 30-50
Targher G, et al. 2007
Mendez N, et al. 2007 Mexico 15.9-45
DeLusong MAA, et al. 2008 Philippines 60
This study Mexico 17.6
Non-Alcoholic Steato-Hepatitis
Nugent C, et al. 2007 us 25-45
Harrison SA, et al. 2006
Prashanth M, et al. 2009 India 25
Amarapurkar DN, et al. 2008 27
This study Mexico 25
Cirrhosis
Tolman KG, et al. 2007 us 25-30
Hickman |J, et al. 2007
Zeinn NN, et al. 2000 34
Arao M, et al. 2003 Japan 30.8
Costa-Braganca, et al. 2010 Brazil 64.5
This study Mexico 34.4
Hepatocellular Carcinoma
Davila JA, et al. 2010 us 9.7
Donadon V, et al. 2008 Italy 31.2
Lagiou P, et al. 2000 Greece 18
This study Mexico 35.7
Hemochromatosis
Sampson MJ, et al. 2000 us 0.4
Conte D, et al. 1998 1.34
Adams PC, et al. 1991 50-85 (hereditary)
This study Mexico 0.77 (general)
Autoimmune hepatitis
Jalihal A, et al. 2009 Brunei 21
Choudohuri G, et al. 2003 India 39.5
This study Mexico 25

HCV: Hepatitis C virus. HCC: hepatocellular carcinoma. NAFLD: alcoholic fatty liver disease. NASH: nonalcoholic steatohepatitis. HBV: hepatitis B virus. US:
United States.
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patients with HCC also having cirrhosis (16 out of 28)
rather than other liver disease.

Because this study was retrospective, there was
no follow-up conducted.

The prevalence of T2DM among patients with li-
ver disease is important and this prevalence is pre-
dicted to increase. It is estimated that chronic liver
diseases will increase in incidence because of impro-
vements in treatment, which will augment life ex-
pectancy, allowing for the development of diabetes in
patients with these diseases. Additionally, diabetes
mellitus is also predicted to increase in prevalence
and incidence around the world, including in Mexico
where it is already a significant public health issue
as the ninth most frequent cause of morbidity and
the first cause of mortality. 442

As seen in our study population, who were prone
to glucose intolerance, IR and related complications,
hepatogenous diabetes should be thoroughly investi-
gated with the diagnosis of T2DM or chronic liver
disease. For this, we recommend screening of serum
glucose in patients with liver diseases and screening
of liver function in patients with T2DM (this last
point is important to note because liver studies are
rarely performed in diabetics as confirmed in our re-
search). This recommendation is based on the
knowledge that T2DM also complicates and exacer-
bates the severity of chronic liver diseases and mor-
tality trends. Several studies have demonstrated
that T2DM promotes more fibrosis and reduces res-
ponse to pegylated interferon-based treatment in
HCV-infected patients,*? increases in the incidence
and severity of liver failure in patients with cirrho-
sis*% and induces a more extensive disease in
HCC. In addition, comorbidity of this altered insu-
lin state with HBV, HCV, NAFLD, NASH and cirr-
hosis tends to facilitate the development of HCC.746

In conclusion the prevalence of T2DM among pa-
tients with chronic liver disease in this study is si-
milar to that reported for Western countries,
although we expected it to be higher considering the
Mexican population is more prone to developing the-
se diseases, specifically T2DM. The impact of liver
diseases and T2DM is important and more prospec-
tive studies involving larger populations that assess
the presence of liver compromise in diabetic patients
are needed to confirm and recognize the true impact
of this comorbidity in the Mexican population.

ABBREVIATIONS

¢ JR: Insulin resistance.
e T2DM: Type 2 diabetes mellitus.

10.

11.

12.

13.

14.

15.

16.

*  NAFLD: Nonalcoholic fatty liver disease.
e HBYV: Hepatitis B virus.

* HCV: Hepatitis C virus.

* NASH: Nonalcoholic steatohepatitis.

e HCC: Hepatocellular carcinoma.

¢  BMI: Body mass index.

* SBP: Systolic blood pressure.

¢ DBP: Diastolic blood pressure.
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