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Abstract
Thyroid hormones play an essential role in lipid mobilization, lipid degradation, and fatty acid
oxidation. Hypothyroidism has been associated with nonalcoholic steatohepatitis; however, the
association between thyroid diseases and hepatocellular carcinoma (HCC) in men and women has
not been well established. We investigated the association between hypothyroidism and HCC risk
in men and women in a case-control study, which included 420 eligible patients with HCC and
1104 healthy controls. We used multivariate unconditional logistic regression models to control
for the confounding effects of established HCC risk factors. A long-term history of
hypothyroidism (> 10 years) was associated with a statistically significant high risk of HCC in
women; after adjusting for demographic factors, diabetes, hepatitis, alcohol consumption, cigarette
smoking, and family history of cancer, the odds ratio (OR) was 2.9 (95% confidence interval [CI],
1.3–6.3). Restricted analyses among hepatitis virus—negative subjects, nondrinkers, nondiabetics,
nonsmokers, and nonobese individuals indicated a significant association between hypothyroidism
and HCC, with an approximate two-fold to three-fold increased risk of HCC development. We
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observed risk modification among women with diabetes mellitus (OR = 9.4; 95% CI = 2.7–32.7)
and chronic hepatitis virus infection (OR = 31.2; 95% CI = 6.3–153.2). A history of
hyperthyroidism was not significantly related to HCC (OR = 1.7; CI = 0.6–5.1). We noted
significant elevated risk association between hypothyroidism and HCC in women that was
independent of established HCC risk factors. Experimental investigations are necessary for
thorough assessment of the relationship between thyroid disorders and HCC.

The incidence of hepatocellular carcinoma (HCC), the fifth most common cancer
worldwide,1 has been steadily increasing over the past two decades in the United States.2
Chronic hepatitis C virus (HCV) infection and its underlying cirrhosis were suggested to be
the reasons for this increase.3,4 Several extrahepatic conditions, however, have been
associated with HCV infection, including mixed cryoglobulinemia, porphyria cutanea tarda,
and membranoproliferative glomerulone-phritis.5 In addition, patients with HCV are
susceptible to autoimmune thyroid diseases before and after completion of interferon
therapy,6,8 suggesting an association between thyroid diseases and HCV.

Hypothyroidism has been observed in 5%–12% of patients with HCV8 and is the most
common thyroid disorder in the adult population, particularly among older women. A recent
report by the National Health and Nutrition Examination Survey indicated that the
prevalence of hypothyroidism is 7.9% for those aged 12–79 years and 12.1% for those aged
80 years or older.9

Thyroid hormones play an essential role in lipid mobilization, lipid degradation, and fatty
acid oxidation.10 Accordingly, thyroid hormone deficiency may cause hyperlipidemia and
may play a role in the pathogenesis of nonalcoholic steatohepatitis (NASH).11 In addition,
patients with hypothyroidism may experience a 15% to 30% weight gain12 and associated
insulin resistance,13,14 which are significant factors in NASH. In one study,11 the
prevalence of hypothyroidism was significantly higher in patients with NASH (15.0%) than
in controls (7.2%) (P = 0.001). This finding was later supported by Reddy and colleagues15
at the Mayo Clinic, who reported an odds ratio (OR) of 6.8 (95% confidence interval [CI],
1.1 to 42.1) of hypothyroidism in patients with HCC with unknown etiology (n = 54)
compared to patients with HCC with underlying HCV infection or alcoholic liver diseases (n
= 116) after adjusting for several confounding factors.

Overall, these studies have suggested a clinical association between hypothyroidism and
chronic liver diseases. In an ongoing case-control study, our goal was to determine the
association between hypothyroidism and HCC development in the United States by
comparing HCC patients with healthy controls. We also sought to describe the relationship
between hypothyroidism and established risk factors for HCC, particularly chronic hepatitis
virus infection, alcohol consumption, diabetes, and obesity.

Patients and Methods
Study Design and Population

The current investigation is part of an ongoing hospital-based case-control study, which was
approved by the institutional review board at The University of Texas M. D. Anderson
Cancer Center. Written informed consent for participation was obtained from each study
participant.

Case patients were recruited from the population of patients with newly diagnosed HCC
who were evaluated and treated at the M. D. Anderson Cancer Center gastrointestinal
medical oncology and surgical oncology outpatient clinics. The inclusion criteria were as
follows: pathologically confirmed diagnosis of HCC, U.S. residency, and the ability to
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communicate in English. The exclusion criteria were the presence of other types of primary
liver cancer (such as cholangiocarcinoma or fibrolamellar hepatocarcinoma), unknown
primary tumors, and concurrent or past history of cancer at another organ site.

From January 2000 through July 2008, 652 patients with suspected HCC were identified,
518 of whom were eligible for this study. We enrolled 420 eligible patients with HCC; 98
eligible patients (18.9%) were not recruited because of patient refusal, patient sickness, or
inadequate time to complete the interview. Statistical analyses indicated that the eligible
patients who were not recruited did not differ from the recruited patients in terms of
demographic, epidemiologic, or clinical factors (retrieved from patients’ medical records).

The control subjects were healthy and genetically unrelated family members (i.e., spouses
and in-laws) of patients at the M. D. Anderson Cancer Center who had cancers other than
liver, gastrointestinal, lung, or head and neck cancer. The reason for excluding family
members and spouses of patients with these cancers as controls was to prevent the
introduction of selection bias connected with shared environmental and genetic factors that
are highly associated with HCC, e.g., alcohol consumption, smoking, family history of
cancer, and hepatitis virus infection.

The eligibility criteria for controls were the same as those for patients, except for having a
cancer diagnosis. Control subjects were recruited from diagnostic radiology clinics of the M.
D. Anderson Cancer Center, where cancer patients and their companions are sent to receive
the initial cancer diagnosis or treatment follow-up examination. A short structured
questionnaire was used to screen for potential controls on the basis of the eligibility criteria.
Analysis of the answers received on the short questionnaire indicated that 83.6% of those
questioned agreed to participate in clinical research. A comparison of those recruited as
controls and those who refused to participate in the research revealed no significant
differences in age, sex, race/ethnicicy, educational level, personal history of cancer, or the
accompanied patient’s type of cancer.

We sought to confirm the control subjects’ reasons for coming to the hospital with cancer
patients and whether these reasons could have been related to the risk factors for HCC. We
found that the underlying causes for the controls’ companionship were care and altruism.
Moreover, all spouses of patients with other cancers who served as control subjects reported
that they would have chosen to be referred to M. D. Anderson Cancer Center if they had
been diagnosed with cancer during the same time period because they tended to share the
same family physician, had the same health insurance coverage, and lived in the same
geographic location. All of the above-mentioned results indicated that the patients and
controls had the same catchments, which further supported the idea that the control subjects
were representative of the M. D. Anderson Cancer Center population from which patients
with HCC were selected.16,18 A total of 1286 eligible control subjects were ascertained in
the current study. However, 172 control subjects were excluded due to limited blood
samples for testing hepatitis B virus (HBV) and HCV markers. An extra 10 control subjects
were excluded for living outside the United States. Total of 1104 control subjects were
analyzed in this study.

Patients with HCC and controls were recruited simultaneously and were personally
interviewed for approximately 25–30 minutes. No proxy interviews were conducted. The
interviewers used a structured and validated questionnaire19 to collect information on
demographic features and HCC risk factors such as personal smoking history, alcohol
consumption, medical history, occupational history, and family history of cancer. The
definitions used for smokers, alcohol drinkers, and individuals with a family history of
cancer were previously reported.20,21
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Cases and controls were interviewed for prior history of thyroid disorders including
hypothyroidism, hyperthyroidism, and inflammatory and autoimmune thyroid diseases.
Subjects with a history of any thyroid condition were asked for age at diagnosis, treatment
exposure, and duration of the disorder.

A detailed questionnaire about obesity was initiated later in the study. From April 2004
through July 2008, a total of 184 patients with HCC and 648 controls were interviewed
about their prior history of obesity. The questionnaire used by the interviewers was
structured to obtain information about participants’ body weight before cancer diagnosis
(patients with HCC) or before recruitment (controls). The body mass index (BMI) was
estimated from the participants’ body weight (kg) and height (m) at different ages (<20, 20,
30, 40, and 50 years). The BMI was then classified as a four-level categorical variable:
underweight (<18.5 kg/m2), normal -weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/
m2), or obese (≥30 kg/m2).

Blood samples from cases (n = 420) and controls (n = 1104) were tested for HBV and HCV.
HCV antibodies (anti-HCV), hepatitis B surface antigen (HBsAg), and antibodies to
hepatitis B core antigen (anti-HBc) were detected by use of a third-generation enzyme-
linked immunosorbent assay (Abbott Laboratories, North Chicago, IL). Positive results
prompted repeated confirmatory enzyme-linked immunosorbent assay testing.

Statistical Methods
Stata software (Stata Corp., College Station, TX) was used for statistical analysis. Univariate
analyses were done by using the χ2 or Fisher exact test for categorical variables and the
Kruskal-Wallis test for continuous variables. We performed multivariate unconditional
logistic regression analyses by using all variables that were significant at P < 0.05 in the
univariate analyses. For each factor, we calculated the adjusted odds ratio (AOR) and 95%
CI values, using maximum likelihood estimation. All AORs were adjusted for age, sex, race,
educational level, cigarette smoking, alcohol consumption, diabetes mellitus, thyroid
diseases, family history of cancer, and HBV/HCV infection. The final model was chosen on
the basis of biologic plausibility and the lowest −2 log likelihood function. Additional
adjustment was made for prior history of obesity at different ages (<20, 20, 30, 40, and 50
years) among 184 HCC cases and 648 controls. However, because correlation may exist
between BMIs at the specified ages (multicollinearity), prior history of obesity at the
different ages were included separately in different logistic regression models.

We used multiple logistic regression models to investigate possible interactions on an
additive scale22 of hypothyroidism with HCV/HBV infection and with diabetes mellitus. To
assess deviation from the additive model (which assumes no interaction between variables),
we calculated the synergism index, S = (OR11 − l)/(OR01 + OR10) − 2, where OR11 = OR of
the joint effect of two risk factors, and OR10 and OR01 = OR of each risk factor in the
absence of the other. A value of S equal to unity was interpreted as indicative of additivity,
whereas a value greater than unity was indicative of superadditivity and synergism.23

Results
Participants’ Characteristics

Table 1 shows the demographic characteristics of case patients and control subjects. Most
study subjects were non-Hispanic white males. Overall, case patients were slightly older
than control subjects; the mean age ± standard error was 63.0 ± 0.6 years for patients with
HCC and 60.0 ± 0.3 years for controls. However, men and women with HCC had a similar
age distribution (63.1 ± 0.7 versus 62.5 ± 1.1 years, respectively; P = 0.6). Higher education
(≥ college degree) was more frequent among control subjects than among patients with
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HCC. Cases and controls had a similar distribution of geographical region (U.S. state of
residency).

HCC Risk Factors
Multivariate logistic regression analyses indicated that having a history of HCV, HBV,
cigarette smoking, heavy consumption of alcohol, or having a family history of cancer
(including liver cancer), or diabetes mellitus was significantly associated with HCC
development (Table 2). Results were consistent with those of our previous reports about risk
factors of HCC.20,21

Thyroid Disorders
A total of 63 patients with HCC (15.0%) and 134 controls (12.1%) recalled a history of
thyroid disease (Table 3). Among all study subjects, significantly more cases (11.7%) than
controls (8.0%) reported hypothyroidism (P = 0.03), and those subjects with a history of
hypothyroidism had a two-fold higher risk of HCC than did subjects with no history of
thyroid disorders. This association was determined among patients with long-term
hypothyroidism (>3 years). However, a significant relationship between hypothyroidism and
HCC was observed only for women, which indicates effect measure modification
(heterogeneity) of gender. The estimated χ2 for homogeneity between AORs in men and
women24 was 7.86 (one degree of freedom), P < 0.05. In addition, including an interaction
term of gender and hypothyroidism in the logistic regression model along with the main
effects of gender and hypothyroidism revealed a significant interaction between gender and
hypothyroidism on HCC development (P = 0.02).

Women who had a prior history of hypothyroidism for > 10 years had a three times higher
risk of HCC than did women without a history of thyroid disorders (P= 0.001) (Table 3).
Hyperthyroidism and other thyroid conditions were reported less frequently than
hypothyroidism by patients with HCC and control subjects, yielding a nonsignificant
association with HCC development in all subjects and in men and women when analyzed
separately.

We adjusted for obesity at various ages of subjects before HCC development or control
recruitment. We found that such adjustment did not meaningfully change the observed
significant association between hypothyroidism and HCC (Fig. 1A). Moreover, restricted
analyses among nondrinkers, non-HCV/HBV–infected subjects, subjects without diabetes,
and nonsmokers indicated a significant association between hypothyroidism and HCC, with
an approximate two-fold to three-fold increased risk of HCC development (Fig. 1B).

Synergism of Hypothyroidism with HBV/HCV and Diabetes
Table 4 shows that the relative excess risk for patients having hypothyroidism and HBV/
HCV or diabetes mellitus exceeded the sum of the relative excess risks for each risk factor
alone. The risk modification of hypothyroidism by hepatitis virus infection or diabetes was
significantly observed in women; AORs were 31.2 (95% CI = 6.3–153.2) for combined
hypothyroidism and hepatitis infection and 9.4 (95% CI = 2.7–32.7) for combined
hypothyroidism and diabetes mellitus. The estimated S index (95% CI) indicated a
significant departure from additivity in the joint effect of hypothyroidism and hepatitis virus
infection (S = 2.1 [95% CI = 1–3.28]) and in the joint effect of hypothyroidism and diabetes
mellitus (S = 2.3 [95% CI = 1–3.65]).
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Discussion
To our knowledge, no other U.S. study published to date has contained a larger population
of newly diagnosed patients with pathologically confirmed HCC. The study revealed a high
prevalence of hypothyroidism among patients with HCC (11.7%), yielding a two-fold higher
risk of HCC for subjects with hypothyroidism than for those with no history of thyroid
disorders. The association was significant in women and not significant in men. Our findings
are supported by early results from the Mayo Clinic, which showed a prevalence of
hypothyroidism among patients with HCC of 11.3%.15

The discovery of a relationship between hypothyroidism and HCC should not be surprising
for two reasons. First, hypothyroidism has been associated with the pathogenesis of NASH,
11 one of the most common chronic liver diseases characterized by liver inflammation and
fibrosis and considered a predisposing condition for HCC development.25,26

The second reason that a relationship between hypothyroidism and HCC should not be
surprising is the presence of thyroid disorders in conjunction with the major HCC risk
factors. For example, hypothyroidism was previously reported to be more common in
patients with HCV infection, with a higher prevalence in patients with HCV who had severe
fibrosis than in those with mild fibrosis.8,27 Moreover, the association between thyroid
cancer and HCV was previously reported.28 In addition, patients with diabetes, another risk
factor for HCC, tend to have a high prevalence of thyroid disorders.29–32 Endogenous
glucose production and utilization rates are enhanced by thyroid hormones and could be
affected by thyroid hormone deficiency.33 Hypothyroidism has also been associated with
insulin resistance and was observed in pediatric patients with type-131 or type-2 diabetes.30
The reasons for the occurrence of hypothyroidism among patients with diabetes have not
been well studied. It is possible that an individual’s age29,34 and susceptibility for
autoimmune diseases may explain the concurrence of thyroid disorders with diabetes.35
However, as shown in Table 4 and Fig. 1B, restricted analyses among subjects without
serological evidence for HCV infection (anti-HCV−) or HBV infection (anti-HBsAg−/anti-
HBc−) and subjects without diabetes mellitus did not meaningfully change the observed
association between hypothyroidism and HCC.

Whether and why hypothyroidism causes HCC is not clear. However, the association
between hypothyroidism and NASH can be explained by the underlying hyperlipidemia,
decreased fatty acid oxidation insulin resistance, and lipid peroxidation in patients with
hypothyroidism. All of these conditions may enhance the susceptibility to chronic
inflammation, DNA damage, and HCC development. Moreover, concurrent thyroid
dysfunction among patients with diabetes may exacerbate the coexisting diabetes-induced
dyslipidemia and may explain our observation of HCC risk modification among patients
with hypothyroidism and diabetes.

Hypothyroidism-induced obesity may have promoted the development of steatohepatitis,
fibrosis, and cirrhosis in these patients and increased their susceptibility to HCC
development. Moreover, obesity and hyperinsulinemia may increase level of insulin-like
growth factor 1, which in turn may reduce hepatic synthesis and blood concentration of sex
hormone–binding globulin (SHBG),36,37 a glycoprotein produced in the liver with high
binding affinity for testosterone and lower affinity for estradiol. Independent of obesity,
there is sufficient evidence that thyroid hormones have a positive effect on hepatic SHBG
synthesis and that patients with hypothyroidism may experience a lower level of SHBG.38
Thus, a decreased level of SHBG may lead to increased plasma testosterone and estradiol,
both of which may promote cellular proliferation and inhibit apoptosis. Elevated levels of
serum testosterone and testosterone-to-estradiol ratio have been proposed to be predictive of
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HCC development in Japanese men with cirrhosis.39 Nevertheless, the fact that the
association between hypothyroidism and HCC continued to be significant after adjustment
for prior history of obesity at different ages (Fig. 1A) suggested that other mechanisms of
hepatocarcinogenesis were involved, especially among women.

There is evidence suggesting that the liver is a major target tissue for the proliferative effect
of growth hormones, growth hormone receptors, and growth hormone binding protein, and
that such hormones and hormone receptors are associated with hepatocellular carcinoma.40
Meanwhile, an experimental study in rats with hypothyroidism41 showed that the levels of
hepatic growth hormone receptors and growth hormone binding protein messenger RNA
were increased in the female group and decreased in the male group as compared to
euthyroid controls (P < 0.001); this may partially explain the susceptibility of females with
hypothyroidism to develop HCC than were males with hypothyroidism.

To ensure that the observed association between HCC and hypothyroidism was not related
to the cancer diagnosis,42 patients with HCC with prior or concurrent head and neck cancer
or cancer in other sites were excluded to minimize hypothyroidism misclassification due to
head and neck radiotherapy. Interview data indicated no prior history of radiation exposure
on head and neck among HCC cases or control subjects. In addition, we considered the
duration of hypothyroidism before cancer diagnosis during the analyses. Nevertheless, we
observed no HCC risk escalation with increasing the duration of hypothyroidism. We
believe that other parameters like severity of hypothyroidism and response to treatment
should be accounted for their effect while testing for HCC risk escalation among patients
with hypothyroidism.

Another possible limitation was that thyroid diseases were self-reported by patients and
controls during personal interviews. Therefore, patients with HCC might be more prone to
recall previous diseases than are healthy controls. However, HCC cases were newly
diagnosed and prospectively enrolled in the study where both cases and controls were
personally and simultaneously interviewed, using a structured-validated questionnaire. Upon
reviewing the medical records of patients with HCC, we found no discrepancy between
interview information and physicians’ notes.

Questions of prior history of thyroid diseases along with other chronic medical conditions
were part of a long list of questions. The questionnaire included year and age at diagnosis,
duration, and treatment intake. It is reasonable to assume that subjects who had received a
definite diagnosis and had been treated could accurately reported their prior history of
medical conditions and recalled the condition duration. All study subjects were blinded for
the current study hypothesis and its specific aims.

Control subjects were selected to represent the population from which the patients with HCC
were ascertained. Only U.S. patients and controls were included, and the geographic
distribution of their residential states was similar. Therefore, it is unlikely that our finding of
the positive relationship between hypothyroidism and HCC was confounded by selection
bias of cases or controls. The prevalence of hypothyroidism in the control group was
consistent with that in the general U.S. population.9

In summary, our results suggested that long-term hypothyroidism is associated with HCC,
independent from other major HCC risk factors, and this association was significant only
among women. Although hypothyroidism-associated weight gain (overweight or obesity)
may partially explain the association between hypothyroidism and HCC, hypothyroidism
independent from obesity can also contribute to HCC development. Screening and proper
management of thyroid diseases in patients with diabetes or HCV infection may help
prevent HCC. Further studies among different populations are warranted to confirm the
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association between hypothyroidism and HCC and to identify the underlying biological
mechanisms and the genetic predisposition factors that may contribute to susceptibility to
HCC development in the presence of thyroid disorders.
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AOR adjusted odds ratio

BMI body mass index

CI confidence interval

HBV hepatitis B virus

HCC hepatocellular carcinoma

HCV hepatitis C virus
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Fig. 1.
(A) The estimated AOR (95% CI) for the association between hypothyroidism and HCC
after adjustment for ail established HCC risk factors and for prior history of obesity at
different ages. (B) Estimated AOR (95% CI) for the association between hypothyroidism
and HCC after adjustment for all established HCC risk factors in all subjects and in
subgroups of nondrinkers, non-virus infected subjects, nondiabetics, and nonsmokers.

Hassan et al. Page 11

Hepatology. Author manuscript; available in PMC 2013 July 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hassan et al. Page 12

Ta
bl

e 
1

Pa
rt

ic
ip

an
ts

’ 
C

ha
ra

ct
er

is
tic

s

D
em

og
ra

ph
ic

 V
ar

ia
bl

es
H

C
C

 P
at

ie
nt

s 
N

 =
 4

20
 (

%
)

C
on

tr
ol

s 
N

 =
 1

10
4 

(%
)

P
 V

al
ue

Se
x

0.
00

1

M
al

e
29

9
71

.2
63

6
57

.6

Fe
m

al
e

12
1

28
.8

46
8

42
.4

A
ge

 (
ye

ar
s)

0.
00

1

≤4
0

15
3.

6
50

4.
5

41
–5

0
46

10
.9

18
1

16
.4

51
–5

9
11

9
28

.3
33

6
30

.4

60
–6

9
11

7
27

.9
35

8
32

.4

≥7
0

12
3

29
.3

17
9

16
.2

E
th

ni
ci

ty
0.

00
1

N
on

-H
is

pa
ni

c 
w

hi
te

29
4

70
97

3
88

.1

H
is

pa
ni

cs
56

13
.3

84
7.

6

A
fr

ic
an

 A
m

er
ic

an
s

40
9.

5
39

3.
5

A
si

an
s

30
7.

1
8

.7

E
du

ca
ti

on
al

 le
ve

l
0.

00
1

≤H
ig

h 
sc

ho
ol

19
8

47
.1

31
6

28
.6

So
m

e 
co

lle
ge

s
94

22
.4

28
7

26
.0

≥C
ol

le
ge

 d
eg

re
e

12
8

30
.5

50
1

45
.4

St
at

e 
of

 r
es

id
en

cy
0.

5

T
X

, L
A

, A
K

, N
M

.O
K

 *
30

8
73

.3
80

9
73

.3

O
th

er
 s

ta
te

s
11

2
26

.7
29

5
26

.7

* St
at

es
 o

f 
T

ex
as

, L
ou

is
ia

na
, A

rk
an

sa
s,

 N
ew

 M
ex

ic
o,

 a
nd

 O
kl

ah
om

a.

Hepatology. Author manuscript; available in PMC 2013 July 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hassan et al. Page 13

Table 2

Risk Factors of Hepatocellular Carcinoma: Multivariate Logistic Regression Analyses

Risk Factor Cases N (%) Controls N (%) AOR (95% CI)*

Hepatitis virus

None 232 (55.2) 1066 (96.6) 1 (reference)

anti-HCV+ 94 (22.4) 6 (0.5) 61.0 (26.9–138.4)

HBsAg+/anti-HBc+ 30 (7.1) 4 (0.4) 47.1 (14.6–151.7)

HBsAg−/anti-HBc+ 24 (5.7) 25 (2.3) 3.7 (1.9–6.9)

Both HCV and HBV 40 (9.5) 3 (0.3) 52.8 (15.4–180.4)

Cigarette smoking

No 126 (30.0) 582 (52.7) 1 (reference)

Yes† 294 (70.0) 522 (47.3) 1.8 (1.3–2.4)

≤ 20 pack year 115 (27.4) 258 (23.4) 1.4 (0.9–2.1)

> 20 pack years 176 (41.9) 264 (23.9) 2.0 (1.4–2.9)

Alcohol consumption

No 137 (32.6) 485 (43.9) 1 (reference)

Yes‡ 283 (67.4) 619(56.1) 1.3 (1.0–1.9)

< 60 mL ethanol/day 192 (45.7) 551 (49.9) 1.1 (0.8–1.6)

≥ 60 ml ethanol/day 89 (21.2) 65 (5.9) 3.2 (1.9–5.3)

Family history of cancer

No 132 (31.4) 355 (32.2) 1 (reference)

Yes§ 264 (62.9) 740 (67.0) 1.4 (1.1–1.9)

Liver cancer (first-degree) 24 (5.7) 9 (0.8) 3.0 (1.2–8.3)

Prior history of diabetes

No 280 (66.7) 989 (89.6) 1 (reference)

Yes 140 (33.3) 115 (10.4) 4.2 (3.0–5.9)

*
Logistic model included age, sex race, educational level, HCV, HBV, smoking, alcohol consumption, diabetes mellitus, and family history of

cancer.

†
Duration of smoking was missing for three cases.

‡
Duration of drinking was missing for two cases and three controls.

§
Any cancer in first- and second-degree relatives.
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