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Introduction: Hepatocellular carcinoma (HCC) disproportionately affects Hispanic persons with higher age-specific incidence and 
increased mortality rates compared to non-Hispanic Whites. These high rates of incidence and mortality may be explained by the 
variation in risk factors. Given the high prevalence of type 2 diabetes mellitus (DM) among the Hispanic population, we aimed to 
assess the risk and prognosis of HCC in Mexican Americans with type 2 DM with consideration of treatment for DM.
Methods: A case-control study of 241 Mexican American HCC patients and 500 healthy controls in Texas was conducted. 
Multivariable logistic regression analysis was performed to determine the association between type 2 DM and HCC risk while 
adjusting for other risk factors. Also, a restricted analysis of patients with type 2 DM was conducted to determine the effects of age at 
onset and duration of DM on HCC risk. Interactions among DM, heavy alcohol consumption, and viral hepatitis infection were 
examined. Overall survival was examined, and multivariable Cox proportional hazards regression analysis was performed for HCC 
patients with type 2 DM.
Results: The adjusted odds ratio (AOR) for DM was 2.74 (P < 0.01). Compared with patients who had DM for 2–10 years, those who 
had it for at least 20 years had an AOR of 4.60 (P = 0.04). Metformin use was associated with a reduced risk of death in HCC cases 
with type 2 DM, with a hazard ratio of 0.72 (P = 0.01) as compared with non-users.
Conclusion: Our results demonstrate that type 2 DM was independently associated with increased risk of HCC among Mexican 
Americans. Metformin use was associated with improved survival among HCC patients with type 2 DM. Type 2 DM significantly 
increased the risk of HCC alone and in conjunction with other parameters of metabolic syndrome in the Mexican American population 
after adjusting for other risk factors.
Keywords: diabetes mellitus, Mexican Americans, hepatocellular carcinoma, metformin, interactions

Introduction
Hepatocellular carcinoma (HCC) is rarely diagnosed early and is one of the leading causes of cancer mortality 
worldwide.1 The incidence of HCC has substantially increased globally and in the United States over the past several 
decades.2,3 Several authors have reported variation in HCC incidence and mortality according to race and ethnicity,4–6 

with the Hispanic population having the second highest HCC incidence rate in the US. Similarly, high HCC incidence 
and mortality rates are observed in Latin America, including Mexico, Central America, and Peru.7 Despite a recent 
decline in HCC incidence according to Surveillance, Epidemiology, and End Results data, studies continue to 
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demonstrate racial disparities in HCC incidence annually, with Hispanics having among the highest annual incidence at 
9.74 per 100,000 persons.8

Racial and ethnic disparities in cancer diagnosis and treatment result from differences in social determinants, access 
to health care, and support mechanisms.9 Barriers to care for HCC patients include health literacy and concerns about 
time commitment and transportation for treatment.9,10 Authors postulated that the racial variation in risk of and prognosis 
for HCC is a result of changing risks associated with chronic viral hepatitis, type 2 diabetes mellitus (DM), alcohol 
consumption, obesity, and other metabolic factors.7,11–13 Owing to the increased prevalence of obesity and metabolic 
syndrome (MS), studies predicted that MS-related HCC cases will increase given the consequences of metabolic 
dysfunction-associated steatotic liver disease (MASLD).14,15 The global prevalence of MASLD has increased signifi-
cantly with a rate that was 50.4% higher in 2016–2019 than in 1990–2006 (P < 0.001).16 The highest prevalence rate 
from 1990 to 2019 of MASLD was in Latin America at 44.37%.16 Moreover, DM is a major public health problem 
among Hispanics who experience the highest prevalence of DM in the United States.17 The rise in MASLD-related HCC 
cases in the United States may be explained by these racial disparities. Compared to non-Hispanic Whites, Hispanic 
patients are diagnosed with HCC at an older age, with higher body mass index, and are more likely to have type 2 DM 
and hypertension.18

Despite slow population growth among Hispanics over the past decade, they still make up about 18% of the US 
population, with Latinos accounting for 52% of all US population growth from 2010 to 2020.19 The Hispanic population 
in the United States has varying subpopulations, and although their ethnic origins are not always distinguished,20 the 
largest subpopulation is Mexican Americans. However, there is limited information examining the natural history of 
HCC among the subpopulation of Mexican Americans. In this subpopulation, chronic diseases related to metabolic 
disorders, such as type 2 DM, obesity, and hyperlipidemia, are pronounced.20

Although evidence in the literature supports racial and ethnic disparities in HCC incidence,21–23 the magnitude of 
these disparities has not been completely elucidated owing to limitations in current epidemiological studies. The main 
challenges in these studies are 1) lack of detailed information on DM (eg, duration of disease and treatment), 2) limited 
numbers of incident HCC cases among Hispanics, and 3) a lack of adjustment for confounding effects of strong risk 
factors, including viral hepatitis infection and alcohol consumption. The present study focused on the Mexican American 
population in Texas to highlight the urgent need to better understand the risk factors and prognosis for HCC in this group.

Methods
Study Design and Participant Recruitment
This study included patients with HCC involved in an active epidemiological study approved by the Institutional Review 
Board at The University of Texas MD Anderson Cancer Center. All Mexican American patients diagnosed with HCC, 
who were enrolled in that study from January 2000 through December 2020, were included in the present analysis. 
Written informed consent was obtained from each participant enrolled in the study. Control participants were selected 
from a pool of Mexican American participants in a large population-based prospective study of Mexican American 
households, the Mano a Mano Mexican American Cohort Study, which was initiated by the Department of Epidemiology 
at MD Anderson.

Study patients were prospectively recruited from among patients evaluated for and given treatment of HCC at the MD 
Anderson Gastrointestinal Medical Oncology outpatient clinic. Inclusion criteria for the patients were a pathologically or 
radiologically confirmed diagnosis of HCC, Hispanic ethnicity of Mexican origin, Texas residence, and the ability to 
communicate in English. Exclusion criteria were the presence of other types of primary liver cancer (ie, fibrolamellar 
HCC, cholangiocarcinoma), concurrent or past diagnosis of cancer at another site, diagnosis of a primary tumor of 
unknown origin, and ethnicity other than Hispanic of Mexican origin.

In total, 272 Hispanic patients with a confirmed HCC diagnosis from January 2000 through December 2020 were 
identified, 265 of whom were eligible for our study based on residence status. An additional 24 patients were excluded 
for having an ethnicity other than Hispanic of Mexican origin. Thus, 241 Mexican American HCC patients were included 
in the present analysis.
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Control participants were defined as eligible participants in the Mano a Mano Mexican American Cohort Study. These 
participants were recruited from community centers, local health clinics, or house by house in predominantly Mexican 
American neighborhoods in Texas, as well as through networking with already enrolled participants.24,25 Inclusion 
criteria for control participants were US residence, Hispanic ethnicity of Mexican origin, and no cancer diagnosis. 
A random sample of 500 cancer-free participants was selected as the controls. An unmatched case-control design was 
performed to allow for adjustment for the confounding impact of the demographic variables.

Participant Assessment
HCC patients and control participants were personally interviewed by trained research coordinators upon recruitment using 
a structured and validated questionnaire26,27 to collect demographic characteristics and risk factors for all cancers, including 
HCC. Potential risk factors included type 2 DM, cigarette smoking, obesity, viral hepatitis infection (hepatitis B virus 
[HBV] or hepatitis C virus [HCV]), family history of cancer, and alcohol consumption.

For our assessment of risk factors, participants were asked about their history of type 2 DM, including age at 
diagnosis and duration of the disease. HCC patients with a history of type 2 DM were further questioned about 
medications used to control type 2 DM and the duration of treatment.

Cigarette smokers were defined as individuals who smoked at least 100 cigarettes during their lifetime. Heavy smokers 
were defined as those with more than 20 pack-years of smoking. Alcohol consumption status and amount were also examined. 
Subjects were defined as ever-alcohol consumers if they had consumed at least 4 alcoholic drinks per month for 6 months in 
their lifetime. The total lifetime volume of alcohol consumption in milliliters was calculated by examining the frequency, type 
of serving (glass, bottle, or can), and number and size of servings during the entire duration of alcohol consumption. 
Participants defined as heavy alcohol consumers had consumed at least 60 mL of ethanol per day.

Obesity in participants was assessed during the interviews to obtain information about self-reported height (inches) 
and weight (pounds) at the time of enrollment (control participants) or time of cancer diagnosis (HCC case patients). 
Body mass index (BMI) was calculated using the formula: BMI ¼ ðWeightðkilogramsÞÞ=ðHeight in metersÞ2. The 
calculated BMI was then classified into 4 levels: underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), over-
weight (25.0–29.9 kg/m2), and obese (≥30.0 kg/m2).

Baseline clinical features at the time of HCC diagnosis were retrieved from the patients’ electronic medical records. 
Pathological, radiological, and clinical evidence of performance status (Eastern Cooperative Oncology Group score of 
0–5), vascular invasion, tumor involvement, portal thrombosis, metastasis, tumor nodularity, and evidence of cirrhosis 
were documented. The patients’ baseline laboratory test results were also collected from MD Anderson electronic 
database at the time of HCC diagnosis. Moreover, each patient’s TNM stage was assigned and confirmed using the 
collected clinical, radiological, and laboratory data. Patients were categorized into baseline treatment groups of surgical 
therapy (resection or transplantation), radiofrequency ablation, local therapy, systemic therapy, or best supportive care as 
the first treatment provided after HCC diagnosis.

Statistical Analysis
Stata software (version 13; StataCorp, College Station, TX) was used for all statistical analyses. Multivariable uncondi-
tional logistic regression analyses were conducted to identify significant independent risk factors. For each risk factor, the 
adjusted odds ratio (AOR) and its corresponding 95% confidence interval (CI) were calculated using maximum like-
lihood estimation. All AORs and 95% CIs were adjusted for age, sex, education level, chronic viral hepatitis infection, 
cigarette smoking, alcohol consumption, type 2 DM, presence of 2 or more metabolic factors (ie, hypertension, 
hyperlipidemia, obesity), and family history of cancer. The population attributable risk (PAR) percentage for type 2 
DM was calculated using the equation PAR% ¼

Pe OR� 1ð Þ

Pe OR� 1ð Þþ1 x 100, in which OR is the adjusted OR for the association 
between type 2 DM and having HCC, and Pe is the prevalence of pre-existing type 2 DM in the controls.28 Interactions 
were tested among major HCC risk factors (type 2 DM, chronic viral hepatitis infection, heavy alcohol consumption) 
using the additive model. The synergy index for the interactions was calculated as described by Rothman.29 A restricted 
analysis of participants diagnosed with type 2 DM more than 1 year prior to HCC diagnosis or prior to recruitment for 
control participants was conducted to examine the onset and duration of DM.
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Overall survival (OS) was defined as the time from HCC diagnosis and to death or the end of the follow-up period. The 
median OS was estimated using the Kaplan-Meier method, and differences in OS between groups were examined using a Log 
rank test. To identify independent prognostic factors for OS, a multivariable Cox proportional hazards regression analysis was 
performed to calculate hazard ratios (HR) and 95% CIs. OS and HRs with their 95% CIs were examined for the whole 
population and for HCC patients with type 2 DM. The multivariable Cox proportional hazard model included metformin use, 
evidence of cirrhosis, vascular invasion, portal thrombosis, tumor involvement, extrahepatic metastasis, tumor nodularity, 
TNM staging, ECOG, and baseline therapy. Furthermore, the model was adjusted for the confounding effects of age, sex, 
educational level, cigarette smoking, alcohol consumption, viral hepatitis infection, family history of cancer, and presence of 2 
or more metabolic factors. For all analyses, P values less than 0.05 were considered statistically significant.

Results
Participant characteristics, including demographics and risk factors for HCC at recruitment to the Mano a Mano study or 
diagnosis of HCC, are summarized in Table 1. Our analysis included a total of 241 HCC patients and 500 control 

Table 1 Characteristics of Patients with Hepatocellular Carcinoma (HCC Cases; n=241) and 
Control Participants (n=500) in Our Analysis

Variable Overall Cases Controls P value

N=741 % N=241 % N=500 %

DEMOGRAPHICS

Age
≤60 years 366 49.4 93 38.6 273 54.6 <0.01

>60 years 375 50.6 148 61.4 227 45.4

Mean ± SE age, years 61.37 ± 0.27 63.95 ± 0.64 60.12 ± 0.26 <0.01

Sex
Male 515 69.5 182 75.5 333 66.6 0.01

Female 226 30.5 59 24.5 167 33.4
Marital status

Not married 170 22.9 63 26.1 107 21.4 0.15

Married 571 77.1 178 73.9 393 78.6
Educational level

Less than high school 456 61.5 82 34.0 374 74.8 <0.01

High school graduate or GED 130 17.5 71 29.5 59 11.8
Greater than high school 155 20.9 88 36.5 67 13.4

Birth Countrya

Born outside United States 412 55.6 41 17.0 371 74.2 <0.01
Born in United States 328 44.3 200 83.0 128 25.6

RISK FACTORS

Chronic viral hepatitis infectionb

No 641 86.5 151 62.7 490 98.0 <0.01

Yes 100 13.5 90 37.3 10 2.0

Family history of cancer
No 457 61.7 81 33.6 376 75.2 <0.01

Yes 284 38.3 160 66.4 124 24.8

Cigarette smokingc

No 361 48.7 101 41.9 260 52.0 0.03

Yes 379 51.1 140 58.1 239 47.8

Mean ± SE starting age of smoking, years 18.02 ± 0.34 18.49 ± 0.56 17.75 ± 0.42 0.29

(Continued)
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Table 1 (Continued). 

Variable Overall Cases Controls P value

N=741 % N=241 % N=500 %

Pack-Years of cigarette smokingd

Nonsmoker 361 48.7 101 41.9 260 52.0 0.08
≤20 cigarettes per year 256 34.5 94 39.0 162 32.4

>20 cigarettes per year 122 16.5 45 18.7 77 15.4

Mean ± SE pack-years 23.58 ± 3.66 19.10 ± 1.86 26.19 ± 5.68 0.35

Smoker statuse

Nonsmoker 361 48.7 101 41.9 260 52.0 <0.01

≤5 years since quit smoking 57 7.7 28 11.6 29 5.8
>5 years since quit smoking 236 31.8 93 38.6 143 28.6

Current smoker 85 11.5 19 7.9 66 13.2

Heavy drinking statusf

Nondrinker 284 38.3 56 23.3 228 45.7 <0.01

<60 mL of ethanol per day 348 47.0 129 53.5 219 43.9

≥60 mL of ethanol per day 108 14.6 56 23.6 52 10.2
BMIg

Underweight (<18.5 kg/m2) 5 0.7 3 1.2 2 0.4 0.21
Normal (18.5–24.9 kg/m2) 96 13.0 37 15.4 59 11.8

Overweight (25–29.9 kg/m2) 302 40.8 86 35.7 216 43.2

Obese (≥30 kg/m2) 321 43.3 109 45.2 212 42.4

CHRONIC MEDICAL CONDITIONS

Type 2 DM
No 459 61.9 120 49.8 339 67.8 <0.01

Yes 282 38.1 121 50.2 161 32.2

Mean ± SE age of onset, years 50.72 ± 0.57 51.48 ± 0.90 50.16 ± 0.73 0.25

Mean ± SE duration of disease, years 12.34 ± 0.56 15.09 ± 0.70 10.27 ± 0.69 <0.01

Hypertension
No 401 54.1 126 52.3 275 55.0 0.48
Yes 340 45.9 115 47.7 225 45.0

Mean ± SE age of onset, years 45.07 ± 1.05 45.26 ± 1.76 44.97 ± 1.31 0.90

Mean ± SE duration of disease, years 17.23 ± 1.03 19.27 ± 1.78 16.18 ± 1.25 0.15

Hyperlipidemia
No 540 72.9 164 68.0 376 75.2 0.04
Yes 201 27.1 77 32.0 124 24.8

≥2 metabolic factorsh

No 382 51.6 104 43.2 278 55.6 <0.01
Yes 359 48.4 137 56.8 222 44.4

History of cirrhosis of the liver
No 559 75.4 66 27.4 493 98.6 <0.01

Yes 182 24.6 175 72.6 7 1.4

Notes: aMissing birth country information for 1 control participant. bChronic viral hepatitis infection with hepatitis B virus or 
hepatitis C virus. cMissing cigarette smoking status for 1 control participant. dMissing pack-year cigarette smoking amount for 
1 HCC case patient and 1 control participant. eMissing smoker status for 1 control participant. fMissing heavy drinking status 
amount for 1 control. gMissing BMI information for 6 HCC case patients and 11 control participants. hMetabolic factors included 
hypertension, hyperlipidemia, and obesity.
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participants. Most study subjects were men; the male-to-female ratios were 3.1:1.0 for HCC patients and 2.1:1.0 for 
control participants. The HCC patients were slightly older than the control participants, with a mean difference of 3.8 
years (95% CI, 2.2–5.3 years); the mean (± standard error [SE]) ages were 63.95 ± 0.64 years for HCC patients and 60.12 
± 0.26 years for control participants. Approximately 75% of the control participants had less than a high school 
education, whereas most of the HCC patients (66%) had a high school education or greater. Most of the control 
participants were born outside of the United States, whereas most of the HCC patients were born in the United States.

The prevalence of chronic viral hepatitis infection, family history of cancer, cigarette smoking (current or former), 
and heavy alcohol consumption was significantly higher for the HCC patients than for the control participants. Our 
previous reports demonstrated that all these factors are independent risk factors for HCC development.30–32

We highlighted the proportions of major risk factors for HCC among the patients with it based on the presence of 
pathologically or radiologically confirmed cirrhosis (Figure 1). Most of the HCC patients (72.6%) had confirmed 
cirrhosis at the time of clinical presentation. The most common risk factor for HCC was heavy alcohol consumption 
(41.0% of patients with cirrhosis and 53.9% of patients without cirrhosis). However, 33.8% of the patients with cirrhosis 
had HCV infection, whereas 18.6% of patients who did not have cirrhosis had HCV infection. The prevalence of type 2 
DM was similar in those with and without cirrhosis.

A total of 121 HCC patients (50.2%) and 161 control participants (32.2%) had a history of type 2 DM. DM was 
significantly more prevalent in the HCC patients than in the control participants. The mean (± SE) ages at diagnosis of 
DM were similar for the two groups (51.48 ± 0.90 years for HCC patients and 50.16 ± 0.73 years for control 
participants). HCC patients had longer durations of DM than did control participants, with a mean difference of 4.8 
years (95% CI, 3.1–6.5 years). We also observed that the prevalence of hyperlipidemia, cirrhosis, and presence of 2 or 
more metabolic factors (ie, hypertension, hyperlipidemia, obesity) was significantly higher in HCC patients than in 
control participants (Table 1).

Multivariable logistic regression analysis demonstrated that type 2 DM, age of at least 60 years, education level, 
family history of cancer, viral hepatitis infection, heavy alcohol consumption, and presence of 2 or more metabolic 
factors were associated with increased odds of developing HCC (Table 2). Individuals with a history of type 2 DM had 
a 2.74-fold increase (95% CI, 1.68–4.48) in the odds of developing HCC than individuals without type 2 DM. Having an 
education level greater than high school was associated with lower odds of HCC development than was having a high 
school education or GED. Chronic viral hepatitis was associated with increased odds of HCC; this factor had the highest 
AOR among all the risk factors described above (AOR=25.03; 95% CI, 11.45–54.73). In contrast, persons with heavy 
alcohol consumption ≥60mL of ethanol daily had 6.03-fold increase (95% CI, 2.89–12.59) in the odds of developing 
HCC compared to nondrinkers. We estimated that the population attributable risk explained by type 2 DM in Mexican 
Americans residing in Texas was 35.9% (95% CI, 29.6–42.2).

Figure 1 Proportion of major risk factors for hepatocellular carcinoma (HCC) among case patients (HCC cases; n=241) according to presence of pathologically or 
radiologically confirmed cirrhosis. 
Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; alcohol, consumption of ≥60 mL of ethanol per day; and Type 2 DM, Type 2 diabetes mellitus.
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Table 3 shows the independent and joint effects of heavy alcohol consumption (≥60 mL of ethanol per day), viral hepatitis 
infection, and type 2 DM. In the whole study population, the combined effects of viral hepatitis and type 2 DM, viral hepatitis 
infection and heavy alcohol consumption, and type 2 DM and heavy alcohol consumption were greater than the sum of the 
individual effects. Specifically, we observed synergism for all 3 pairwise interactions. These interactions fit the assumption of 
additive scales. The estimated synergism index indicated a departure from additivity for all 3 interactions. For example, viral 
hepatitis, in addition to its own direct effects, may exacerbate the effects of type 2 DM on HCC risk. When we estimated the 
independent and joint effects of heavy alcohol consumption and type 2 DM in the absence of viral hepatitis infection on HCC 
risk, we continued to observe a departure from additivity as indicated by a synergism index of 1.15 (95% CI, 1.05–3.53).

The association of age at onset and duration of type 2 DM with the odds of HCC development are presented in 
Table 4. In the whole study population, individuals who had type 2 DM had higher odds of HCC development than did 
those without DM (duration, 11–20 years: AOR 2.56 [95% CI, 1.56–11.85; P = 0.03]; duration, >20 years: AOR 4.18 
[95% CI, 1.74–23.66; P = 0.01]). This indicates a dose response, in which an increased duration of type 2 DM is 
associated with increased odds of HCC development. Age at type 2 DM onset was not associated with HCC 
development.

Table 2 Risk Factors Associated with the Development of Hepatocellular 
Carcinoma in Our Cohort (HCC Cases; n=241 and Controls; n=500)

Variable Adjusted odds 
ratio

95% CI P value

Type 2 DM
No 1.0 (reference)
Yes 2.74 1.68–4.48 <0.01

Age
≤60 years 1.0 (reference)
>60 years 1.97 1.29–3.01 <0.01

Sex
Females 1.0 (reference)

Males 1.11 0.63–1.72 0.66

Education
Less than high school 1.0 (reference)

High school graduate or GED 5.80 3.39–9.93 <0.01

Greater than high school 4.79 2.90–7.95 <0.01
Family history of cancer

No 1.0 (reference)

Yes 5.17 3.40–7.87 <0.01
Chronic viral hepatitisa

No 1.0 (reference)

Yes 25.03 11.45–54.73 <0.01
Pack- 
years of cigarette smoking

Nonsmoker 1.0 (reference)
≤20 pack-years 1.35 0.84–2.17 0.17

>20 pack-years 1.01 0.55–1.83 0.99

Heavy drinking status
Nondrinker 1.0 (reference)

<60 mL of ethanol per day 3.57 2.03–6.31 <0.01

≥60 mL of ethanol per day 6.03 2.89–12.59 <0.01
≥2 metabolic factorsb

No 1.0 (reference)

Yes 1.39 1.24–1.65 <0.01

Notes: aChronic viral hepatitis infection with hepatitis B virus or hepatitis C virus. bMetabolic 
factors included hypertension, hyperlipidemia, and obesity.
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Table 3 Interaction of Type 2 Diabetes Mellitus (DM), Heavy Alcohol Consumption (≥60 mL of Ethanol per Day), and Chronic 
Viral Hepatitis Infection (Hepatitis B Virus or Hepatitis C Virus) in the Whole Study Population (HCC Cases; n=241 and 
Controls; n=500) and Nonviral Population (HCC Cases; n=151 and Controls; n=490)

Interaction variables Case/control Adjusted odds ratioa 95% CI P Synergy index (95% CI)b

Whole study population

Viral hepatitis Type 2 DM
Negative Negative 79/332 1.0 (reference) 3.52 (2.21–6.94)

Positive Negative 7/41 16.56 6.38–43.00 <0.01
Negative Positive 72/158 2.18 1.29–3.70 <0.01

Positive Positive 49/3 59.92 15.71–228.47 <0.01
Viral hepatitis Alcohol
Negative Negative 116/444 1.0 (reference) 2.61 (1.33–5.86)

Positive Negative 69/5 16.84 5.84–52.67 <0.01
Negative Positive 35/46 2.86 1.58–5.15 <0.01

Positive Positive 21/5 47.27 16.64–134.32 <0.01

Alcohol Type 2 DM
Negative Negative 19/148 1.0 (reference) 2.26 (1.11–4.90)
Positive Negative 101/190 2.96 1.65–5.18 <0.01

Negative Positive 37/80 2.96 1.12–7.30 <0.01
Positive Positive 84/81 9.88 4.67–25.56 <0.01

Nonviral population (no chronic viral hepatitis infection)

Alcohol Type 2 DM
Negative Negative 8/147 1.0 (reference) 1.15 (1.05–3.53)
Positive Negative 71/184 7.74 1.98–14.71 <0.01

Negative Positive 19/78 5.40 3.22–18.57 <0.01

Positive Positive 53/80 13.82 5.24–36.40 0.04

Notes: aOdds ratio adjusted for the confounding effect of age, sex, education level, pack-year cigarette smoking, heavy alcohol consumption, viral hepatitis status, 
family history of cancer, and metabolic factors. b S = Synergy index = (OR11 – 1)/(OR01 + OR10 – 2), where OR11 = odds ratio of the joint effect of two risk factors; 
and OR01 and OR10 = OR of each risk factor in the absence of the other.

Table 4 Association Between Type 2 Diabetes Mellitus Age (DM) of Onset and Duration with Development of 
Hepatocellular Carcinoma (HCC) in the Whole Study Population and in a Restricted Analysis of Persons Who Had 
Been Diagnosed with Type 2 Diabetes Mellitus for at Least 1 Year Before Diagnosis of HCC (HCC Cases; n=126) or 
Recruitment (Controls; n=147)

Variable HCC Cases No. (%) Controls No. (%) Adjusted Odds Ratioa 95% CI P

Whole study population

Type 2 DM age of onset
Nondiabetics 120 (50.6) 339 (69.8) 1.0 (reference)

≤50 years 57 (24.1) 82 (16.9) 1.74 0.16–3.42 0.70
>50 years 60 (25.3) 65 (13.4) 2.08 0.55–7.89 0.28

Duration of type 2 DM
Nondiabetics 120 (50.6) 339 (69.8) 1.0 (reference)
2–10 years 45 (19.0) 88 (18.1) 1.12 0.29–4.45 0.88

11–20 years 44 (18.6) 42 (8.6) 2.56 1.56–11.85 0.03

>20 years 28 (11.8) 17 (3.5) 4.18 1.74–23.66 0.01

(Continued)
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To ensure that DM was not induced by HCC, we analyzed of the association between type 2 DM and HCC only for those 
diagnosed with type 2 DM for more than 1 year before HCC diagnosis or before recruitment as a control participant (126 HCC 
patients and 147 control participants) (Table 4). Compared with those who had had type 2 DM for 2–10 years, the estimated 
AOR for those who had had type 2 DM for more than 20 years was 4.60 (95% CI, 1.01–20.87; P = 0.04). As in the whole study 
population, age at type 2 DM onset was not associated with odds of HCC development in the restricted analysis.

Using Kaplan-Meier, median survival was 12.0 months (95% CI, 8.8–15.2) for all HCC patients and 15.0 months 
(95% CI, 12.6–19.5) for HCC patients with type 2 DM (Supplementary Figures 1A and 1B). HCC patients with type 2 
DM taking metformin had a better median overall survival than patients not taking metformin (16.0 months [95% CI, 
12.6–19.3] vs 8.0 months [95% CI, 4.5–11.5], P = 0.04) (Supplementary Figure 1C). Results of the multivariable Cox 
proportional hazards regression analysis of OS for participants with type 2 DM and HCC are shown in Table 5. 
Metformin use, TNM stage, Eastern Cooperative Oncology Group performance status, and type of baseline treatment 
of HCC were significant predictors of OS in this subpopulation. Metformin use was associated with a 28% decrease in 
the risk of death in HCC patients with type 2 DM (adjusted HR, 0.72 [95% CI, 0.58–0.92]; P = 0.01). However, when 
compared with the whole study population, metformin use was not significantly associated with survival (adjusted HR, 

Table 4 (Continued). 

Variable HCC Cases No. (%) Controls No. (%) Adjusted Odds Ratioa 95% CI P

Restricted analysis among persons with type 2 DM

Type 2 DM age of onset
>50 years 60 (51.3) 65 (44.2) 1.0 (reference)

≤50 years 57 (48.7) 82 (55.8) 0.44 0.15–1.28 0.13
Duration of type 2 DM

2–10 years 45 (38.5) 88 (59.9) 1.0 (reference)

11–20 years 44 (37.6) 42 (28.6) 2.76 0.96–7.88 0.06
>20 years 28 (23.9) 17 (11.6) 4.60 1.01–20.87 0.04

Notes: aOdds ratio adjusted for the confounding effects of age, sex, education level, pack-years of cigarette smoking, heavy alcohol consumption, 
viral hepatitis status, family history of cancer, and metabolic factors.

Table 5 Cox Proportional Hazards Regression Results for Overall 
Survival in Mexican Americans with Type 2 Diabetes Mellitus and 
Hepatocellular Carcinoma (HCC Cases; N=126)

Variable No. Death AHR (95% CI)a P

Metformin use
No 16 16 1.0 (reference)

Yes 105 92 0.72 (0.58–0.92) 0.01
Vascular invasion

No 95 87 1.0 (reference)

Yes 24 20 2.09 (0.95–4.61) 0.07
Cirrhosis

No 39 34 1.0 (reference)

Yes 82 74 1.18 (0.53–1.62) 0.12
Portal thrombosis

No 104 94 1.0 (reference)

Yes 15 13 1.59 (0.33–2.63) 0.10
Tumor involvement

≤50% 84 75 1.0 (reference)

>50% 29 27 1.24 (0.79–1.97) 0.46

(Continued)
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0.97 [95% CI, 0.76–1.23]; P = 0.79) (Supplementary Table 1). Vascular invasion, cirrhosis, portal thrombosis, tumor 
involvement, and extrahepatic metastasis were not significantly associated with OS for patients with type 2 DM, but they 
were in the whole population (Supplementary Table 1).

Discussion
The present case-control study is the first of its kind to be conducted in Mexican Americans. Specifically, it highlights the 
association between HCC and a detailed history of type 2 DM including disease duration, co-occurrence of type 2 DM with 
other metabolic factors, interactions of type 2 DM with viral hepatitis infection and alcohol consumption, correlation of HCC 
risk factors with cirrhosis, and treatment of DM. In this large case-control study, we highlighted the impact of type 2 DM and 
obesity on HCC development among Mexican Americans. We observed that the presence of 2 or more metabolic factors (ie, 
hypertension, hyperlipidemia, obesity) is significantly associated with HCC. Notable findings in our study were the increased 
odds of HCC development in individuals who have had type 2 DM at least 11 years and up to 4-fold increase in the odds of it in 
those who had type 2 DM for more than 20 years. These results are consistent with the literature33–35 and they fill a gap in 
knowledge by providing information about HCC risk and prognosis for the Hispanic population, who have higher HCC 
incidence and mortality than do the Asian and non-Hispanic White populations in the United States.5

It is estimated that HCC is explained by MS in 32% of Mexican American patients.36 Moreover, we previously 
highlighted the significance of the duration of DM regarding the risk of HCC development.30 This suggests that type 2 
DM is not an epiphenomenon of HCC diagnosis but rather is an etiological factor. The role of a DM duration greater than 
10 years on HCC risk was further highlighted in a meta-analysis performed by Wang et al.37

In addition to the independent impact of type 2 DM as a main factor in MS, our finding that the presence of 2 or more 
metabolic factors, including obesity or hypertension, was associated with increased odds of HCC development, regardless of the 
presence of other major HCC risk factors was not surprising. MS may play a role in cell growth, proliferation, fatty degeneration, 

Table 5 (Continued). 

Variable No. Death AHR (95% CI)a P

Extrahepatic metastasis
No 27 24 1.0 (reference)
Yes 94 84 0.99 (0.55–1.80) 0.99

Nodularity
Single 47 41 1.0 (reference)
Multiple 71 65 1.36 (0.92–2.00) 0.12

TNM Staging
I–II 42 37 1.0 (reference)
III 33 31 1.29 (0.78–2.12) 0.32

IV 39 34 1.85 (1.06–3.22) 0.03

ECOGb

0 65 54 1.0 (reference)

1–2 155 139 1.66 (1.09–2.51) 0.02

3–4 18 16 2.72 (1.27–5.80) 0.01
Baseline Treatment

Supportive 31 30 1.0 (reference)

Surgery 7 6 0.38 (0.15–0.94) 0.04
Ablation 6 2 0.24 (0.08–0.70) 0.01

Local 33 30 0.42 (0.25–0.70) <0.01
Systemic 42 39 0.53 (0.33–0.83) 0.01

Notes: aAHR=adjusted hazard ratio. Adjusted for the confounding effects of age, sex, 
education level, pack-years of cigarette smoking, heavy alcohol consumption, viral hepatitis 
status, family history of cancer, and metabolic factors. bEastern Cooperative Oncology 
Group performance status.
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and tumorigenesis of the hepatocytes.38 Due to the frequent co-occurrence of metabolic conditions, their interplay complicates 
investigation of each metabolic factor’s individual contribution to chronic liver disease and hepatocarcinogenesis.11

The impact of type 2 DM on HCC among American Hispanics extends to modification of its risk by alcohol 
consumption or past exposure to chronic viral infection. A population-based case-control study conducted in California 
among Hispanic and African American populations demonstrated independent synergistic effects of these pair-wise 
interactions on the risk of HCC in Los Angeles County that were similar to our results.39

Although the biological mechanisms involving type 2 DM or MS and HCC are not fully understood and difficult to elucidate, 
it has been reported that hyperinsulinemia, hyperglycemia, chronic inflammation, cell growth, proliferation, fatty degeneration, 
and tumorigenesis of the hepatocytes are involved in HCC development.34 Several explanations have been proposed to confirm 
the risk modification of type 2 DM risk by other HCC risk factors. For example, epidemiological and clinical studies revealed that 
patients with chronic HCV infections have a higher prevalence of glucose intolerance than does the general population.40 Also, 
insulin resistance in an HCV-infected patient is associated with excess liver fat and iron deposition.41 A fatty liver with high iron 
deposits may lead to a synergistic effect of viral and metabolic factors causing hepatocarcinogenesis.40 A growing body of 
evidence demonstrates that metabolic risk factors, including type 2 DM and obesity, are associated with progression of chronic 
liver disease, especially in the presence of HCV infection owing to associations with insulin resistance and steatosis.42 A study in 
Japan demonstrated a 1.7-fold increase in the development of HCC in HCV-infected patients with type 2 DM.43

Unlike the relationship between type 2 DM and HCV infection, the relationship between type 2 DM and hepatitis B virus 
related HCC remains unclear, with very few studies investigating the potential mechanisms underlying this association. 
Instead, more studies have focused on HCV-related HCC because of its strong association with insulin resistance.40,44 The 
literature reported that prevalence of type 2 DM was lower in hepatitis B virus-infected than in HCV-infected individuals or 
was similar in the 2 groups.44 With regards to heavy alcohol consumption and type 2 DM, oxidative stress has been implicated 
to have a role in the pathogenesis and complications of DM owing to hyperglycemia.35,39 Alcohol-induced oxidative stress 
may increase the susceptibility of patients with type 2 DM to cirrhosis, DNA damage, and HCC.35

We confirmed pathological and radiological evidence of cirrhosis in 72.6% of the HCC cases in the present study, 
which was consistent with the prevalence in our previous study among non-Hispanic populations.45 Despite the potential 
complications of type 2 DM induced fatty liver disease and progression to cirrhosis, only 13.7% of the cirrhosis-induced 
HCC patients in our study had a history of type 2 DM, a proportion similar to that in non-cirrhosis related-HCC patients 
(14.7%). This may suggest that the underlying chronic liver disease progression and cirrhosis development is not the only 
pathway for HCC development, and that other biological mechanisms are involved.

Although evidence that type 2 DM is significantly related to poor survival of HCC patients is lacking,46 treatment of type 2 DM 
with biguanides was associated with reduced mortality of HCC.30 The observed protective role of metformin regarding HCC survival 
in the present study was consistent with our previous report30 and those by other investigators.47–50 In fact, the association between 
use of metformin and reduced mortality was documented for other cancers, including pancreatic and colorectal cancers.51,52 Such 
a risk reduction was associated with the duration and dosage of metformin treatment.47 The improved survival of HCC in patients 
who received metformin in our study may be related to reduced circulating levels of insulin. Bowker et al reported that patients with 
type 2 DM exposed to metformin had a lower risk of cancer-related mortality than did patients who received exogenous insulin and 
sulfonylureas.53 Furthermore, pre-clinical evidence has revealed metformin to have an immunomodulatory effect on cancer cells 
through observed inhibition of proliferation and induction of cell cycle arrest and apoptosis in HCC cells.54,55 Future research with 
prospective trials on understanding the potential benefits of metformin as a therapeutic agent is needed.

The median overall survival in the Mexican American HCC patient population was consistent with other reports in 
Hispanic patients with HCC.18,56 Evidence suggests that Hispanic ethnicity remains a significantly independent predictor 
of HCC-related mortality.56 One possible explanation for this finding may be the disparity in access to proper screening 
and treatment availability for Hispanic patients diagnosed with HCC.56,57 Our study confirmed that baseline treatment 
plays a significant role in reducing HCC mortality; therefore, future research on the impact of cancer therapy, with 
detailed information about treatment type, on the clinical outcome of HCC, is highly warranted among minority patients.

Despite the strong association of type 2 DM and MS with HCC risk in individuals all races and ethnicities, the 
American Association for the Study of Liver Diseases guidelines for HCC surveillance do not recommend screening 
patients with MS for early detection of HCC.58 Instead, surveillance is restricted to those with underlying cirrhosis. Only 
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13.7% of the HCC patients with type 2 DM in our study had cirrhosis, which is comparable with previous reports.59,60 

Risk stratification of type 2 DM patients without cirrhosis in the Hispanic population may be warranted. Genetic 
predisposition for HCC may redefine the population of HCC patients with type 2 DM at risk for HCC who should be 
screened for it. We recently highlighted the role of genetic susceptibility of HCC in the absence of viral infection among 
non-Hispanic White individuals with significant interaction with type 2 DM.61 Future genetic studies of Hispanics in the 
absence of viral infections may assist in defining the high-risk populations among Hispanics with type 2 DM and 
modification of the American Association for the Study of Liver Diseases guidelines for HCC screening.

In conclusion, our study provides important data on the risk and prognosis of HCC in Mexican Americans. Hispanic 
patients present with higher rates of comorbidities and more advanced liver disease compared to White HCC patients, 
thus leading to increased mortality in this group. This may be explained by a combination of metabolic risk factors, 
evidence of cirrhosis, and other environmental factors like viral hepatitis infection and alcohol consumption.
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