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Background and Aims: An association of diabetes with chronic liver disease has been reported, even
though the temporal relationship between hese two conditions is not established.

Methods: We identified all patients with a hospital discharge diagnosis of diabetes between 2005 and
2013 from the Hospital records of the King George Hospital, Visakhapatnam, Andhra Pradesh, India.
We randomly assigned patients without diabetes and with diabetes. We excluded patients with
concomitant liver disease. The remaining cohort was followed through 2005 for the occurrence of
chronic nonalcoholic liver disease (CNLD) and hepatocellular carcinoma (HCC). Hazard rate ratios
(HRR) were determined in Cox proportional hazard survival analysis. Using the Hospital records of
the Departments of Gastroenter-ology and general Medicine. We randomly assigned 3 patients
without diabetes for every patient with diabetes. We excluded patients with concomitant liver disease.
The remaining cohort was followed through 2005 for the ccurrence of chronic nonalcoholic liver
disease (CNLD) and hepato-cellular carcinoma (HCC). Hazard rate ratios (HRR) were determined in
Cox proportional hazard survival analysis.

Results: The study cohort comprise 243 patients with diabetes and 620 patients without diabetes.
Most were men (98%). Patients with diabetes were older (62 vs. 54 years) than patients without
diabetes. The incidence of chronic nonalcoholic liver disease(CNLD) was significantly higher among
patients with diabetes (incidence rate: 18.13 vs. 9.55 per 100 person-years, respectively, P < 0.0001).
Similar results were obtained for HCC (incidence rate: 2.39 vs. 0.87 per 100 person-years,
respectively, P < 0.0001). Diabetes was associated with an HRR of 1.98 (95% CI: 1.88 to 2.09, P <
0.0001) of CNLD and an HRR of 2.16 (1.86 to 2.52, P < 0.0001) of hepatocellular carcinoma.
Diabetes carried the highest risk among patients with longer than 10 years of follow-up.

Conclusions: Among men with diabetes, the risk of CNLD and HCC is doubled. This increase in risk
is independent of alcoholic liver disease, viral hepatitis, or demographic features.

Copyright © 2015 Korada Saradamba and BhagyaLakshmi. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

However, previous studies in the United States evaluating risk

Chronic liver disease, including cirrhosis, is a major cause of
death in many areas of the world, including the United States.
Most cases of hepatocellular carcinoma (HCC) develop in
persons with advanced chronic liver disease. Evidence of the
rising incidence of HCC in the United States and several other
countries in Europe and Asia has recently emerged (El-Serag,
2000; Ruhl, 2003). Major risk factors of chronic liver disease
that are relatively common include hepatitis C virus (HCV),
hepatitis B wvirus, heavy alcohol consumption, and
nonalcoholic fatty liver disease (NAFLD) (Greeve et al.,
1993). Rare risk factors include hemochromatosis, -1 anti-
trypsin deficiency, and Wilson’s disease.

*Corresponding author: Dr. BhagyaLakshmi, V.,
Department of Biochemistry, Rangaraya Medical College, Kakinada,
Andhra Pradesh, India.

factors of chronic liver disease or HCC failed to identify
specific risk factors in a large proportion of patients. The
so-called cryptogenic cirrhosis has been estimated to account
for 5% to 30% of patients with end-stage liver disease. (Lee,
1989) NAFLD has been identified as a possible cause of
cryptogenic cirrhosis (Powell ef al., 1990; Angulo et al., 1999).
Previous studies also failed to identify specific risk factors in
15% and 50% of HCC cases and Di Bisceglie et al., 1998).
This suggests that there might be other risk factors for chronic
liver disease and HCC. Diabetes mellitus (DM) has been
proposed as a risk factor for both chronic liver disease and
HCC. DM has been associated with NAFLD, including its most
severe form, nonalcoholic steatohepatitis (NASH) (Matteoni
et al., 1999; Marchesini et al., 1999; Belfiore, 1998; Falck-
Ytter et al, 2001). NASH is a chronic necro-inflamatory
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condition that can lead to liver fibrosis, cirrhosis, and
subsequently to HCC (Cotrim et al., 2000; Zen et al., 2001;
Shimada et al., 2002). Earlier epidemiologic studies showed no
association between DM and HCC, (Kessler, 1970; Ragozzino
et al., 1982; Lu et al, 1988) whereas several more recent
studies indicate a significant association between HCC and DM
(El-Serag et al, 2001; Kingston et al, 1984; Lawson ef al,
1986; La Vecchia et al, 1990; Yu et al., 1991; Adami et al,,
1991; La et al., 1994; Adami et al., 1996; La Vecchia et al.,
1997; Braga et al., 1997; Wideroff et al., 1997; Hashem, 2004).

However, the temporal association between DM and HCC in
these studies is unclear. Because the development of chronic
liver disease may lead to glucose intolerance and occasionally
diabetes, the study of the risk of chronic liver disease and HCC
from DM requires longitudinal cohort studies that exclude most
cases of chronic liver disease at the time the identification of
diabetes is made. Most previous reports on the association
between DM and HCV were case control studies. Most also
predated and hence did not adjust for the presence of HCV
(El-Serag et al., 2001; Lu et al, 1998; La et al, 1994; La
Vecchia et al., 1997; La Vecchia et al,, 1997; Wideroff et al.,
1997) Among the cohort studies, most had a relatively small
number of cases of HCC as well as limited expo-sure to DM
because of small sample size and/or short followup.'**>* The
largest cohort study that examined the role of DM in HCC was
carried out in Denmark and had no internal control group. In
that study, the standardized incidence ratios of primary liver
cancer including HCC were 4.0 (95% CI: 3.5— 4.6) in men and
2.1(95% CI: 1.6 -2.7) in women with diabetes as compared
with the general population (Braga et al., 1997). It remains
unclear whether DM precedes the development of significant
chronic liver disease and HCC. Moreover, there have been no
large cohort studies among multiethnic groups in the United
States that evaluated the association between DM and chronic
liver disease and HCC. We carried out a large prospective
cohort study, using the computerized national databases of the
Department of Veterans Affairs (VA) to examine the risk
according to preceding diabetes status of 2 conditions: HCC
and chronic nonalcoholic liver disease (CNLD).

MATERIALS AND METHODS
Databases

The study population was assembled from hospitalized old
patients registered in old Patient Register. The inpatient
register comprises a contain discharge summaries and
diagnoses recorded for each hospitalization since 2000.
Individual patients can be traced through the inpatient register
though their unique inpatient numbers. Each hospitalization
record contains 1 primary discharge diagnosis and up to 3 or 4
second admissions. The Patient inpatient File does contain
information about drug treatment and procedures like biopsy
and aspiration with laboratory test results. IP (inpatient) Reg.
file has a date of admission, Date of Discharge and Date of
Death (if any) recorded.

Study Population

The study population included all hospitalized patients with
diabetes as defined by discharge diagnosis codes (ICD-9 250
[1-9] [0-4]) during the 8-year period between October 2005

and October 2013. We included only adults (older than 20
years of age). A method of random selection without
replacement was employed to ensure that no individual control
subject was selected more than once. Patients in the
comparison group who had a prior diagnosis of diabetes
between 2005 and 2013 were then excluded. The sampling
frame for both groups of patients with and without diabetes
was individual patients rather than hospitalizations. Patients
with multiple hospitalizations were counted only once, and
their earliest hospitalization date was chosen to be the index
hospitalization. Using the inpatient registered number as a
unique identifier, the patients were prospectively followed File
until October 2013. These files were searched for the
occurrence of 3 outcomes: diagnoses of CNLD including
cirrhosis and death. We also excluded all patients who had any
diagnosis of acute or chronic liver disorder during the first year
that followed their index hospitalization. In addition to the 3
outcomes described above, during subsequent follow-up (after
the first year), we identified the presence of alcohol-related
liver disease, viral hepatitis (B and C), and fatty liver. The time
at risk of CNLD including cirrhosis was measured from 1 year
following the index hospitalization until the development of
this condition, HCC, death, or October 2005. The time at risk
of HCC was measured from one year following the index
hospitalization until the development of HCC, death, or
October 2000.

RESULTS

We identified 257,649 patients with diabetes and 772,947
patients without diabetes who were hospitalized in VA
facilities between October 1985 and October 1990. Of these,
216,831 patients with diabetes and 765,853 patients without
diabetes did not have liver disease in their hospitalization
records as far back as 1980. After excluding all patients in
whom liver disease was recorded during the first year of
follow-up after the index hospitalization, 173,643 patients with
diabetes and 650,620 patients without diabetes remained and
were included in the principal analyses of HCC and CNLD
including cirrhosis and HCC. A greater proportion of patients
with diabetes (32.6%) than without diabetes (15.8%) was
excluded for liver disease in the past or during the first year of
follow-up. The demographic features for these patients are
shown in Table 1. Patients with diabetes were older by an
average of 7 years. The majority (99.5%) of diabetic patients
had type 2 diabetes mellitus. Among patients with diabetes,
1.7% had DM-related Renal manifestations, 3.74% had
Ophthalmopathy, 5.01% had Neuropathy. In general, there was
no significant difference between cases and controls in co
morbid conditions at the initial hospitalization.

CNLD Including Cirrhosis

The Kaplan—Meier survival analysis showed a significantly
higher cumulative incidence of CNLD among patients with
diabetes as compared with those without diabetes (P _ 0.0001)
(Figure 1). During follow-up of 243 person with diabetes, 29
patients developed CNLD (incidence rate: 18.13 per 10,000
person years), The incidence rate ratio was 1.90. Consistent
with this increased incidence among patients with diabetes, the
relative risk of CNLD in the Cox proportional hazard analysis
among persons with diabetes was 1.98 (95% CI: 1.88-2.09,
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P 0.0001). This adjusted relative risk was obtained while
controlling for differences in age, gender, ethnicity, disease co
morbidity index, and period of service (Table 2).

This adjusted relative risk was obtained while controlling for
differences in age, gender, ethnicity, disease comorbidity
index, and period of service (Table 3).

Table 1. A Comparison of Demographic and Clinical Characteristics Between
Cases With Diabetes and Controls

Variable Without Diabetes  Patients with diabetes

N: 243 n: 620 P value
Age in years, mean(+SD) 61.7 (£10) 54.5 (+12) 0.0001
Women 69 (1.6) 56 (2.4)28 0.0001
Mean duration of (+SD)a 53(4.2) 7.3 (4.04) 0.0001
follow-up in years 89 (58.2) 142 (37.5) 0.0001
Death during
follow-up 62 (0.4) 26 (0.4) 0.39
Rheumatologic
disease 35(5.02) 97(4.98) 0.46
Chronic pulmonary
disease 68 (0.99) 211 (1.00) 0.30
Hemiplegia
or paraplegia 31(1.83) 92 (1.83) 0.98
Myocardial
infarction 23 (1.78) 57 (1.79) 0.74
Congestive
heart failure 14 (1.43) 69 (1.40) 0.35
Peripheral vascular
disease 28 (2.23) 113 (2.20) 0.45
Cerebro
vascular disease 9 (0.58) 39 (0.57) 0.70
Renal disease
Any malignancy 23 (3.09) 56 (3.04) 0.30

NOTE. All of these patients had no liver disease prior to index hospitalization and during the first
year of follow-up. aFollow-up ended at death or at developing CNLD or HCC.

Table 2. Risk Factors for Chronic Nonalcoholic Liver Disease: Results of the Cox Proportional
Hazard Analysis in a Cohort of 620,243 Hospitalized patiens During 2005 to 2013

Variable Adjusted hazard ratio 95% Confidence interval P value
Diabetes 1.98 1.88-2.09 <0.0001
Older age (per 10 years) 1.15 1.13-1.18 <0.0001
Women (vs. men) 0.99 0.83-1.18 0.88
Fatty liver 1.89 1.60-2.24 <0.0001
Comorbidity index * 0.99 0.97-1.01 0.33

NOTE. All of these patients had no liver disease prior to hospitalization and during the first
year of follow-up. All covariates included in the model are shown in the table.
*Comorbidity index includes 14 disease categories described fully in the Materials and Methods section

The HRR for CNLD increased over time. There was a trend
toward higher risk of CNLD with diabetes among patients with
longer duration of follow-up. The HRR was 1.30 (1.20-1.42),
1.24 (1.14-1.34), and 1.96 (1.78-2.17) for patients with less
than 5 years, 5 years, and more than 5 years of follow-up,
respectively. To further disentangle the effects of age and
duration of follow-up, this analysis was repeated for patients
with and without diabetes between ages 50 and 60 (n
_173,643) years.

The trend toward higher risk of CNLD with diabetes among
patients with longer duration of follow-up persisted. The HRR
was 1.22 (1.01-1.46) and 2.03 (1.7-2.4) for patients with less
than 5 years and more than 10 years of follow-up, respectively.
In the sensitivity analysis, we constructed a similar model that
excluded patients with new diagnoses of HCV (58), hepatitis B
(167), alcohol use (663), alcoholic liver disease (462) or fatty
liver (697) recorded after the first year of follow-up.

In contrast to the full model in which Hispanic race was
associated with a slight significant increase in the risk of
CNLD, it became no longer significant in the model with
exclusions. On the other hand, black race was not associated
with a significant risk in the full model and became associated
with a slight but significant increase in the risk of CNLD in the
model with exclusions. In that model, diabetes remained an
independent risk for CNLD with an adjusted relative risk of
2.13 (95% CI: 1.99-2.28, P _ 0.0001) controlling for age,
gender, ethnicity, era of military service, and disease
comorbidity index. Results were essentially the same if
patients with fatty liver were not excluded (HRR _ 2.15, 95%
CI: 2.00-2.30). The Kaplan—Meier survival analysis showed a
significantly higher cumulative incidence of HCC among
patients with diabetes as compared with those without diabetes
(P _ 0.0001) During follow-up of patient with diabetes, 19
patients were hospitalized with a diagnosis of HCC (incidence
rate: 2.39 per 10,000 person-years), whereas, during follow- up
of patients without diabetes, 11 patients were hospitalized
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with a diagnosis of HCC (incidence rate: 0.87 per 10,000
person-years); the incidence ratio was 2.75. Diabetes was also
associated with a greater than 2-fold increase in relative risk of
HCC This adjusted relative risk was obtained while controlling
for differences in age, gender, ethnicity. Approximately 10%
of patients with diabetes had recorded diabetes-related
neuropathy, ophthalmopathy, or retinopathy by the time of
their index hospitalization. This further supports the argument
for a temporal relationship in which diabetes precedes the
onset of chronic liver disease. Few studies examined the
association between diabetes and liver disease in U.S.
populations. In 2000, Poonawala et al. showed a higher
prevalence of type 2 DM (47%) among 49 patients with
advanced cirrhosis in comparison with 22% prevalence in 98
age- and sex-matched controls.41 In 2002, Amarapurkar and
Das demonstrated that the prevalence of diabetes in
cryptogenic cirrhosis was 57% vs. 30% in noncryptogenic
cirrhosis.42 In 1991, Yu ef al. reported in a case-control study
of 74 cases of HCC that DM was associated with a 3.4-fold
increase in risk of HCC. This study predated and did not
control for the presence of HCV.24 Recently, Hassan et al.
reported in a case-control study among 115 HCC patients and
230 nonliver cancer patients that the odds ratio was 4.3 (95%
CI: 1.9-9.9) for DM.34 We also previously reported in a case-
control study of 823 patients with HCC and 3459 controls that
DM increased the risk of HCC only in the presence of hepatitis
B, HCV, and alcoholic cirrhosis.10 However, a potential bias
in epidemiologic studies, especially case-control studies, is
discerning the correct temporal relationship between exposure
(diabetes) and outcome (HCC). This problem is even more
relevant here because 10% to 20% of patients with cirrhosis
may have overt DM and a larger percentage may have
impaired glucose tolerance.

To minimize this bias in the current study, we excluded all
subjects with liver disease recorded before the inception point
for follow-up as well as those recorded during the first year of
follow-up. In case-control studies including our previous
study,10 the prevalence of the strong HCC risk factors
(hepatitis B, HCV, and alcoholic liver disease) is very high
among cases with HCC, thus making it difficult to isolate an
effect for diabetes. Therefore, in the present cohort study, we
excluded patients with any prior history of significant liver
disease. That initial step of exclusion because of liver disease
affected a greater proportion of patients with diabetes, thus
further confirming the increased association between diabetes
and liver disease.

Furthermore, we carried out additional analyses in which the
incidence of HCC and CNLD was calculated after excluding
all patients with diagnosis of hepatitis B, HCV, and alcoholism
at any time during follow-up. In these analyses, the relative
risk with diabetes was slightly reduced but remained highly
significant statistically. This indicates that diabetes is a risk
factor of CNLD and HCC, independent of other well-
recognized risk factors. The latter set of exclusions affected
Hispanics disproportionately, thus rendering insignificant the
slightly increased risk observed in the full model. On the other
hand, the risk of cirrhosis was slightly increased in blacks
compared with whites; no clear reason can be ascribed for this
finding. In general, the ethnic differences were small.

We found a high relative risk of HCC for preexisting diabetes
even with exclusion of persons with overt liver disease as
determined by hospitalization with a chronic liver disease or
alcohol diagnosis. This does not necessarily mean that persons
with diabetes who develop HCC do not have underlying liver
disease. Rather, it suggests that the chronic liver disease
associated with diabetes is usually insidious and asymptomatic
and goes undetected until a severe manifestation such as HCC
occurs. Last, the trend toward a duration-response relationship
between the risk of HCC and the duration of follow-up of
recognized diabetes further supports a causal association.
There are several strengths to the present study. It is the largest
cohort study to evaluate the relationship between DM and each
of CNLD and HCC. The use of the national VA databases
allowed the identification of a large cohort of patients with
diabetes and the random identification of controls without
diabetes. By including more than 800,000 patients with a
follow-up of more than 10 million person-years in the analysis,
we were able to detect the increased risk of CNLD and HCC
that might be over- or underestimated in a smaller study. The
study examined hospitalized patients (mostlymale veterans),
which limits its generalization regarding women and
nonveterans. We did not have accurate data on the onset of
diabetes; the inception point for follow-up in this study was the
index hospitalization with diabetes, which is likely to
underestimate the duration of diabetes.40 However, there is no
reason to believe that diabetes detection or treatment has
changed significantly during the enrollment period (1985-
1990) to make systematically persons enrolled during certain
times of the study more or less likely to have a different actual
duration of diabetes.

Misclassification of both the risk factor of interest (diabetes)
and the outcome of CNLD or HCC is of concern in large
administrative data sets, in which diagnoses cannot be verified.
Although the majority of patients with a recorded diagnosis of
DM are likely to actually have DM, the disease is frequently
underrecognized and is underreported in medical records.
Therefore, patients in the nondiabetic control group may have
had diabetes. This misclassification bias would tend to
diminish the true effect of diabetes. One study evaluated the
reliability of inpatient information in 1995 in the Patient
Treatment File as compared with medical charts and found
high reliability for the diagnosis of diabetes whether recorded
as a principal diagnosis or secondary diagnosis. 47 In our
previous studies, the use of ICD-9 code 155.0 to examine the
temporal trends of hospitalization with HCC in the VA system
has produced identical results to the incidence rates of
histologically confirmed HCC in national cancer registries,
thus indicating the validity of using this code as an indicator of
HCC. The validity of ICD-9 codes in the Patient Treatment
File as indicators of CNLD is not known. However, the same
codes were used to define these conditions in both groups of
patients with and without diabetes. Therefore, errors in coding
or recording because of misclassification are likely to occur at
random, thus having little effect on the calculated risk ratio.
Our inability to directly measure exposure to viral hepatitis or
alcohol intake could have underestimated these conditions; this
might have biased our results if patients with diabetes were
more likely to have these conditions than those without
diabetes.
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Differences in co-morbidities between patients with and
without diabetes could affect the calculated incidence ratio for
HCC or cirrhosis by affecting the survival time. For every
patient in the study, we calculated the Deyo co-morbidity
index, which is a modification of the Charlson comorbidity
index. There were no statistically significant differences
between the 2 groups in the composite score of the co-
morbidity index.

The pathophysiology underlying the increased risk of CNLD
and HCC with diabetes is not certain. DM is known to be
associated with NAFLD, including nonalcoholic steatohepatitis
(NASH) (Matteoni et al, 1999; Marchesini et al., 1999;
Belfiore, 1998; Falck-Ytter et al., 2001). NAFLD patients
demonstrate  significantly increased insulin resistance
compared with control subjects.'? Insulin resistance facilitates
peripheral lipolysis and accumulation of free fatty acids in the
liver, thus leading to NAFLD. High serum insulin level
decreases mitochondrial ~-oxidation of fatty acids.50
Hepatocellular injury, inflammation, and, eventually, hepatic
fibrosis can result. HCC as a late consequence of DM-related
NASH has been recently described (Cotrim ef al., 2000; Zen et
al., 2001; Shimada et al., 2002). In our study, although the
relative risk changed little when fatty liver patients were
excluded from the analysis, NAFLD, including NASH, was
underreported because the significance of these disease entities
has only recently been recognized.

Lastly, there are potentially important variables related to
diabetes that were not captured by our study, and these include
body mass index, triglyceride level, and the severity and
treatment of diabetes. Although the absolute risks of HCC and
CNLD were low among patients with diabetes, the findings in
this study are significant for the following reasons. First, DM is
a very common disease; the estimated number of persons with
diabetes is 16 million in the United States alone and
increasing.”! Second, although HCC is less common in
developed countries, its incidence in these areas of the world
has been rising. For example, the incidence in the United States
has doubled since the early 1980s.2 For these compelling
reasons, the epidemiologic association between DM and HCC
cannot be ignored. In summary, DM was found to be an
independent risk factor for chronic liver disease and HCC
among U.S. veterans. Further studies are needed to examine
these associations in women and in nonveterans and to clarify
the mechanisms of development of chronic liver disease in
patients with diabetes (Hashem et al., 2004)
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