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 INTRODUCTION 
 Th ere are remarkable racial and ethnic variations in several 

aspects of the epidemiology and clinical course of hepatitis C 

virus (HCV) infection in the United States. For example, popu-

lation-based studies (e.g., Th e National Health and Nutrition 

Examination Survey (NHANES)) reported that the prevalence 

of HCV is higher in African Americans (AAs) than in Whites 

(3.2 vs. 1.5 % , respectively), with AAs comprising approximately 

22 %  of all HCV cases in the United States. Th e NHANES study 

also revealed a higher rate of chronic (vs. resolved) infection in 
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  OBJECTIVES:    The race of patients infected with hepatitis C virus (HCV) in the United States may be associated 
with the risk for cirrhosis and hepatocellular carcinoma (HCC). However, previous studies are too 
small to provide convincing data regarding the effect of race on cirrhosis and HCC risk after account-
ing for demographic, clinical, and virological factors. 

  METHODS:    We used the Veterans Administration (VA) HCV Clinical Case Registry to identify patients with confi rmed 
viremia between 2000 and 2009 and with at least 1 year of follow-up in the VA. We identifi ed cirrhosis 
and HCC cases through early 2010. Cox proportional hazard regression models were performed to 
examine the effect of race on the risk for cirrhosis and HCC while adjusting for patients ’  age, gender, 
period of service (World War I / II, Vietnam era, post-Vietnam era), HIV coinfection, HBV coinfection, 
alcohol abuse, diabetes, body mass index, and antiviral treatment receipt and response. 

  RESULTS:    There were 149,407 patients with active HCV viremia. Of them, 56.3 %  were non-Hispanic White 
(NHW), 36.1 %  were African American (AA), 6.0 %  were Hispanic, and 1.6 %  belonged to other 
racial groups. After an average follow-up of 5.2 years, 13,099 patients were seen to have a recorded 
diagnosis of cirrhosis and 3,551 had HCC. Hispanics had the highest annual incidence rates of 
cirrhosis and HCC (28.8 and 7.8 % , respectively), whereas AAs had the lowest rates (13.3 %  and 
3.9 % , respectively) compared with NHWs (21.6 and 4.7 % , respectively). There were differences 
among NHW, AA, and Hispanic patients in the rates of HIV infection (2.1, 2.5, and 6.0 % , respec-
tively), HCV genotype 1 (50.0, 50.6, and 64.2 % , respectively), obesity (28.0, 25.4, and 30.9 % , 
respectively), diabetes (8.7, 16.1, and 16.1 % , respectively), and absence of antiviral treatment 
(81.1, 89.6, and 82.1 % , respectively). However, adjusting for differences in demographic and 
clinical factors did not change the magnitude or direction of the race effect. Compared with NHWs, 
Hispanic patients had a higher risk of having cirrhosis recorded (adjusted hazard ratio (HR)    =    1.28, 
95 %  confi dence interval (CI)    =    1.21 – 1.37) and HCC (1.61, 95 %  CI    =    1.44 – 1.80). In contrast, AAs 
had a lower risk of cirrhosis (HR    =    0.58, 95 %  CI    =    0.55 – 0.60) and HCC (0.77, 95 %  CI    =    0.71 – 0.83) 
compared with NHWs. 

  CONCLUSIONS:    Hispanics with HCV are at a signifi cantly higher risk, whereas AAs are at a considerably lower risk of 
developing cirrhosis and HCC than are NHWs. These associations persisted even after adjusting for 
a range of factors including HCV genotype, HCV treatment, diabetes, and body mass index.  
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AAs compared with Whites with HCV (86 vs. 68 % ;  P     =    0.02). 

Other studies reported that AAs with HCV have a greater 

prevalence than do Whites with HCV genotype 1, and a higher 

prevalence of the TT interleukin 28B (IL28B) host genotype 

that is associated with lower rates of spontaneous viral 

clearance and sustained virological response following antiviral 

treatment. 

 In addition, the progression of liver disease among HCV-infected 

patients may diff er among racial groups, although the magnitude 

and direction of these diff erences are unclear. Several ( 1 – 4 ) cross-

sectional or case – control studies reported that HCV-infected AAs 

have signifi cantly lower risk of cirrhosis and fi brosis progres-

sion compared with Whites. However, this fi nding has not been 

consistently found ( 5,6 ). Conversely, AAs with HCV and already 

established cirrhosis were reported in a few studies to have a 

twofold increased risk of developing hepatocellular carcinoma 

(HCC) compared with Whites ( 7 ). Studies have also reported that 

Hispanics with non-alcoholic fatty liver disease have dispropor-

tionately more advanced fi brosis, cirrhosis, or HCC compared with 

Whites. However, whether Hispanics with HCV have a diff erent 

risk of advanced liver disease compared with other racial / ethnic 

groups ( 8 – 15 ) is unclear. 

 Longitudinal  “ cohort ”  studies including large multiracial 

groups of patients with well-defi ned HCV status and long-term 

follow-up data would be ideal to evaluate racial diff erences in 

the natural history of HCV infection. However, there is only one 

published US-based multicenter cohort study that followed up 

patients with HCV cirrhosis or advanced fi brosis and found a 

higher risk of progression to HCC in AAs than in Whites while 

adjusting for other demographic, clinical, and virological fac-

tors ( 16 ). However, this study is limited by the small numbers 

of patients who developed HCC during follow-up and included 

a few Hispanic patients to reliably estimate HCC risk in this 

subgroup. 

 More data from cohort studies are required to understand the 

magnitude and direction of diff erences in disease progression to 

cirrhosis or HCC, if any, between the various ethnic and racial 

groups infected with HCV in the United States. Information 

about racial diff erences in risk of cirrhosis or HCC is impor-

tant for providing evidence-based prognosis estimates that are 

used for counseling patients regarding the intensity of follow-up 

visits. Th is information can also guide further examination of 

genetic and non-genetic explanations of ethnic and racial dif-

ferences in disease severity ( 17 ). For example, the discovery of 

the IL28B polymorphism is a powerful genetic explanation of an 

important epidemiological observation, but this polymorphism 

has not been consistently implicated in HCV disease progres-

sion beyond aff ecting response to treatment or spontaneous viral 

clearance ( 18 ). 

 Th erefore, we conducted a retrospective cohort study of 149,407 

multiracial US veterans with confi rmed chronic HCV infection 

and an average follow-up of 5.2 years to examine the diff erences 

between AA, Hispanics, and non-Hispanic Whites (NHWs) in the 

risk of progression to cirrhosis and HCC.   

 METHODS  
 Data sources 
 Th is study was approved by Baylor College of Medicine ’ s 

Institutional Review Board and all procedures conformed to 

the ethical guidelines of the 1975 Declaration of Helsinki. We 

used data from the Veterans Administration (VA) HCV Clinical 

Case Registry (CCR), which contains health information of 

all known HCV-infected patients from 128 VA facilities nation-

wide. Th e CCR automatically identifi es patients with posi-

tive HCV antibody tests as well as HCV-related ICD-9 codes. 

Data elements in the CCR include demographics, laboratory 

test results, outpatient and inpatient VA pharmacy data, and 

inpatient and outpatient diagnoses codes. Additional details of 

the CCR data are published elsewhere ( 19 ). We examined 

data sets obtained from the VA HCV CCR database for patients 

diagnosed with HCV in the VA between 1 October 1999 and 

1 January 2010. For patients with missing race / ethnicity, 

we linked the CCR to the VA Patient Treatment File and 

the Outpatient Care File to identify additional race / ethnicity 

information.   

 Study population 
 To be included in the study cohort, patients had to have at 

least one positive HCV RNA test, at least one visit to a VA facility, 

an HCV index date between VA fi scal year 2000 and 2009, and at 

least 1 year of follow-up in the VA. Th e index date for HCV diag-

nosis refl ected the date of the earliest positive HCV RNA test.   

 Study exposure 
 We identifi ed and categorized the self-reported race / ethnicity 

from two variables (race and ethnicity) in the data set into four 

groups: NHW, AA, Hispanic, or other race. NHWs were defi ned 

as those of Caucasian race who were not of Hispanic ethnicity, 

whereas Hispanics were those with Hispanic ethnicity irrespec-

tive of race. We classifi ed non-Hispanic patients with Black or 

African American race as AAs. We excluded patients without a 

documented race ( n     =    12,470) from the analysis.   

 Study outcomes 
 Primary outcomes of interest were cirrhosis and HCC defi ned as 

the presence of ICD-9 codes for each condition (cirrhosis: 571.2, 

571.5, and 571.6; and HCC: 155.0 and absent 155.1). Both of these 

defi nitions have been validated against detailed chart reviews and 

shown to have high positive predictive values in previous studies 

( 20,21 ). Prevalent or coexisting cases of cirrhosis or HCC were 

defi ned as those recorded in the 3 years before up to 1 year aft er 

the HCV index date. Incident or newly diagnosed cirrhosis or 

HCC was defi ned as any cirrhosis or HCC present any time aft er 

1 year of the HCV index date. Th e study follow-up ended at the 

time of diagnosis of HCC, patient ’ s death, last visit as recorded in 

the VA, or 1 January 2010. 

 We also examined additional defi nitions of cirrhosis in sensi-

tivity analyses. We defi ned cirrhosis on the basis of aspartate 

aminotransferase to platelet ratio index (APRI)  ≥ 2 and on the 
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basis of diagnostic codes for hepatic decompensation (varices, 

encephalopathy, ascites). For APRI, we extracted lab data on plate-

lets and alanine aminotransferase, and calculated APRI value on 

the basis of aspartate aminotransferase and platelet test results 

that were closest to the HCV index date ( 22 ). Where possible, 

we used the values from tests that were performed the same day. 

In the absence of concurrent testing, we combined information 

from the nearest available tests within 1 year of each other. Th e 

baseline APRI information was available for 92.1 %  of the current 

study population.   

 Potential confounders 
 We identifi ed several potential confounders for the association 

between race and cirrhosis or HCC. Th ese included age at the 

time of HCV diagnosis, gender, period of service (World War 

I / II, Vietnam era, post-Vietnam era), year of HCV diagnosis, 

HCV genotype, diabetes, alcohol abuse, body mass index, HIV 

coinfection, HBV coinfection, and receipt and success of anti-

viral treatment. We identifi ed HIV, diabetes, and alcohol abuse 

by the presence of outpatient or inpatient ICD-9 diagnosis codes 

recorded 1 year before or aft er the HCV index date. We defi ned 

HBV coinfection by positive HBV surface antigen test. We used 

body mass index closest to the HCV index date and categorized 

it as     <    18.5, 18.5 – 24.9, 25.0 – 29.9, or  ≥ 30. We defi ned antiviral 

treatment as at least two fi lled prescriptions (within 65 days) of 

any interferon and one fi lled prescription of ribavirin any time 

aft er the HCV index date, and sustained virologic response as all 

RNA tests being negative aft er treatment completion with one 

being recorded at least 12 weeks aft er treatment completion ( 23 ).   

 Data analysis 
 For the incidence estimates, we calculated incidence rates per 

1,000 person-years (PY) for newly diagnosed cases of cirrhosis 

by racial groups aft er excluding prevalent cases of cirrhosis and 

HCC, and for newly diagnosed HCC aft er excluding patients who 

had a prevalent diagnosis of HCC. We generated Kaplan – Meier 

curves to illustrate and compare the cumulative incidence rates 

of cirrhosis and HCC in the racial groups beginning 12 months 

aft er baseline until the end of the follow-up period. We used the 

log rank test to evaluate the diff erences among these curves. All 

potential confounders defi ned above were compared across racial /

 ethnic groups, and chi-squared tests were used to assess signifi -

cance for categorical variables, whereas the analysis of variance 

F-test was used for continuous variables. We then compared risk 

for cirrhosis and HCC between the racial groups using Cox pro-

portional hazard regression, adjusting for era of military service 

(pre-Vietnam, Vietnam, post-Vietnam), number of inpatient and 

outpatient visits prior to baseline (a measure of use of VA medi-

cal services), and specifi c potential confounders defi ned above. 

Hazard ratios (HRs) and corresponding 95 %  confi dence intervals 

(CIs) were calculated. 

 For the prevalence estimates, we calculated the proportions 

(and their accompanying 95 %  CIs) of patients with prevalent 

cirrhosis and HCC for each racial group. We used two separate 

logistic regression analyses to examine the association between 

race and each of prevalent cirrhosis and HCC while adjusting for 

potential confounders described above. Odds ratios (ORs) and 

95 %  CIs were calculated. 

 To examine the robustness of the fi ndings, we conducted sev-

eral sensitivity analyses. First, for the HCC incidence analysis 

we conducted several analyses stratifi ed by age (50 or younger 

and     >    50), presence or absence of diabetes, and HCV genotype 

(genotype 1 or 3). Second, and in order to examine racial diff er-

ences in HCC among patients with a somewhat uniform risk for 

HCC, we constructed regression models to examine the incidence 

of HCC among the subgroup of patients with prevalent cirrhosis. 

Th ird, and in order to evaluate for possible incidence / prevalence 

bias where racial imbalance among the excluded prevalent cases 

would lead to spurious racial diff erences in incidence cases, we 

repeated the regression analyses including all cirrhosis or HCC 

events following the HCV index date (i.e., post-baseline HCV 

RNA) and not just those that occurred aft er the fi rst 12 months 

of follow-up as in the primary analyses. Fourth, we defi ned preva-

lent cirrhosis by the presence of cirrhosis ICD-9 codes and / or an 

APRI  ≥  2.0. Fift h, we defi ned incident cirrhosis by the presence 

of cirrhosis ICD-9 codes, APRI    ≥    2, or hepatic decompensation. 

Finally, given that HCV infection aff ects certain birth cohorts and 

that these cohorts may diff er among the diff erent racial groups, we 

adjusted for birth year (instead of age at fi rst HCV RNA). 

 Analyses were performed using SAS version 9.1 (SAS Institute, 

Cary, NC).    

 RESULTS 
 Th e study cohort included 149,407 patients with HCV ( Table 1 ) 

who were followed up for a mean duration of 5. 2 years (s.d. 2.5 

years). Th e mean age was 52.5 years (s.d. 7.5 years) and almost 

all (97.2 % ) were male. Most patients were Vietnam era veterans 

(75.8 % ). Approximately 11.9 %  had diabetes, 27.3 %  had body mass 

index     >     30, 53.1 %  had a diagnosis of alcohol abuse, and 4.3 %  had 

HIV coinfection. A total of 15.7 %  received antiviral treatment and 

only 5.1 %  achieved sustained virologic response. 

 A total of 84,065 (51.9 % ) patients were NHW, whereas 53,982 

(33.4 % ) were AA, 8925 (5.5 % ) were Hispanic, and 1.5 %  patients 

belonged to other races (including 0.2 %  Asians). Th ere were 

signifi cant demographic and clinical diff erences among these 

racial groups ( Table 1 ). Notably, AAs had signifi cantly higher 

proportions of obesity, alcohol abuse, diabetes, and HCV geno-

type 1 and lower proportion of HCV genotype 3 and HCV anti-

viral treatment than did NHWs. On the other hand, Hispanics 

had greater proportions of diabetes, alcohol abuse, obesity, and 

HIV than did NHWs. A total of 29,266 patients (19.6 % ) had 

APRI    ≥    2 within 1 year of the HCV index date.  

 Association between race and risk of incident cirrhosis and 
HCC 
 Aft er an overall follow-up of 772,492 PY in 149,407 patients, 

13,099 (8.7 % ) patients were seen to have a recorded diagnosis 

of cirrhosis for an incidence rate of 16.9 per 1,000 PY, and 3,551 

(2.4 % ) patients developed HCC for an incidence rate of 4.6 per 
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   Table 1 .    Demographic and clinical features of several racial groups of patients with hepatitis C virus (HCV) infection   

   Variables   Non-Hispanic Whites    African Americans    Hispanics    Other     P  value  

      84,065    53,982    8,925    2,435    

    Demographics  

   Age in years mean (s.d.)  52.3 (7.9)  52.8 (6.9)  52.3 (7.7)  52.5 (7.9)      <    0.0001 

   Male gender, ( % )  81,484 (96.9)  52,532 (97.3)  8,791 (98.5)  2,340 (96.1)      <    0.0001 

    Period of service ( % )  

      World War I / II  5,701 (6.8)  3,229 (6.0)  636 (7.1)  169 (6.9)      <    0.0001 

      Vietnam  58,138 (69.2)  37,875 (70.2)  5,907 (66.2)  1,628 (66.9)   

      Post-Vietnam  20,226 (24.1)  12,878 (23.9)  2,382 (26.69)  638 (26.2)   

   Years of birth ( % )           

      1900 – 1940  6,171 (7.3)  3,486 (6.4)  689 (7.7)  206 (8.5)      <    0.001 

      1941 – 1950  30,394 (36.2)  20,661 (38.3)  3,286 (36.8)  875 (35.9)   

      1951 – 1960  41,699 (49.6)  27,948 (51.8)  4,364 (48.9)  1,205 (49.5)   

      1961 – 1987  5,801 (6.9)  1,887 (3.5)  586 (6.6)  149 (6.1)   

    Clinical ( % )  

   Years of HCV diagnosis 

      2000 – 2002  30,867 (36.7)  191,211 (35.6)  3,515 (39.4)  879 (36.1)      <    0.0001 

      2003 – 2005  31,637 (37.6)  20,887 (38.7)  3,321 (37.2)  945 (38.8)   

      2006 – 2009  21,561 (25.7)  13,884 (25.7)  2,089 (23.4)  611 (25.1)   

   Diabetes  7,306 (8.7)  8,665 (16.1)  1,434 (16.1)  310 (12.7)      <    0.0001 

   Alcohol abuse  41,638 (49.5)  31,969 (59.2)  4,496 (50.4)  1,180 (48.5)      <    0.0001 

   HIV coinfection  1,794 (2.1)  4031 (2.5)  533 (6.0)  53 (2.2)      <    0.0001 

   HBV coinfection  1,021 (1.2)  812 (1.5)  94 (1.1)  23 (0.9)      <    0.001 

    Body mass index  

      Less than 18.5  1,124 (1.3)  1,109 (2.1)  95 (1.1)  29 (1.2)      <    0.0001 

      18.5 – 24  26,301 (31.3)  18,819 (34.9)  2,395 (26.8)  693 (28.5)   

      25.0 – 29.9  32,740 (39.0)  20,095 (37.2)  3,642 (40.8)  951 (39.1)   

      30 or higher  23,521 (28.0)  13,714 (25.4)  2,753 (30.9)  752 (30.9)   

      Missing  379 (0.5)  245 (0.5)  40 (0.5)  10 (0.4)   

    HCV genotype  

      1  42,027 (50.0)  34,647 (64.2)  4,518 (50.6)  1,302 (53.5)      <    0.001 

      2  9,402 (11.2)  1,319 (2.4)  1,002 (11.2)  241 (9.9)   

      3  6,354 (7.6)  441 (0.8)  620 (7.0)  163 (6.7)   

      4  484 (0.6)  403 (0.8)  102 (1.1)  14 (0.6)   

      5 / 6  15 (0.0)  12 (0.0)  2 (0.0)  2 (0.1)   

      Unknown  25,783 (30.7)  17,160 (31.8)  2,681 (30.0)  713 (29.3)   

    Antiviral treatment  

      No treatment  68,148 (81.1)  48,375 (89.6)  7,327 (82.1)  2,025 (83.2)      <    0.0001 

      Sustained response  5,823 (6.9)  1,103 (2.0)  510 (5.7)  141 (5.8)   

      No response  5,541 (6.6)  2,513 (4.7)  568 (6.4)  145 (6.0)   

      Undeterminable  4,553 (5.4)  1,991 (3.7)  520 (5.8)  124 (5.1)   
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 1.37), and risk for HCC was 61 %  greater (adjusted HR    =    1.61, 95 %  

CI    =    1.44 – 1.80), compared with NHWs. In contrast, the risks for 

cirrhosis and HCC were lower in AAs with HCV compared with 

NHWs, with adjusted HR    =    0.58 (95 %  CI    =    0.55 – 0.61) and 0.77 

(95 %  CI    =    0.71 – 0.83) for cirrhosis and HCC, respectively. 

 Reclassifi cation of all cirrhosis or HCC events following 

the HCV index date (and not just those that occurred aft er the 

fi rst 12 months of follow-up) as incident cases or using year of 

birth in lieu of age at diagnosis did not change the direction or 

magnitude of the race eff ect above. 

 Th e results of stratifi ed analyses based on age, diabetes, and 

HCV genotype are shown in  Table 3 . AA race was associated 

with a signifi cantly lower risk for HCC in all subgroup analyses. How-

ever, although Hispanic ethnicity was signifi cantly associated with an 

increased risk for HCC in most subgroups, it was not signifi cant when 

limited to HCV genotype 3 patients. Limiting the analysis to only 

patients with prevalent cirrhosis attenuated the associations between 

race and HCC but did not change the direction or signifi cance of 

most of these associations. Th e largest attenuation aff ected Hispanics, 

wherein the HR dropped from 1.61 to 1.22 (0.995 – 1.507). 

 We found similar racial variations in a sensitivity analysis 

examining the incidence of cirrhosis defi ned by a combination 

of diagnostic codes for cirrhosis or hepatic decompensation or 

APRI    ≥    2 among 114,858 patients without these conditions at 

baseline. Compared with NHWs, Hispanics were signifi cantly 

more likely (adjusted HR 1.22, 1.158 – 1.276) and AAs less likely 

(0.51, 0.495 – 0.524) to have cirrhosis recorded during follow-up.   

 Association between race and prevalent cirrhosis and HCC 
 A total of 11,214 (7.5 % ) and 773 (0.5 % ) patients had prevalent 

cirrhosis and HCC.  Table 4  displays the distribution of prevalent 

cases of cirrhosis and HCC stratifi ed by racial groups. Similar to 

the results presented above for the incidence of cirrhosis or HCC, 

AAs with HCV were less likely to have cirrhosis or HCC (unad-

justed OR    =    0.42, 95 %  CI    =    0.40 – 0.44 and unadjusted OR    =    0.65, 

95 %  CI    =    0.55 – 0.77), whereas Hispanics were more likely (unad-

justed OR    =    1.17, 95 %  CI    =    1.10 – 1.25 and unadjusted OR    =    2.03, 

95 %  CI    =    1.63 – 2.52) to have prevalent cirrhosis or HCC, respec-

tively, when compared with NHW patients. Adjusting for poten-

tial confounders did not change the magnitude or direction of 

the associations between race and cirrhosis or HCC for AAs and 

Hispanics ( Table 4 ). 

 We also examined a broader defi nition of cirrhosis as either 

cirrhosis or hepatic decompensation codes (as defi ned above) or 

APRI ≥ 2. A total of 34,415 (23.0 % ) patients had either APRI ≥ 2 or 

cirrhosis diagnosis codes. Th e racial diff erences in distribution of 

APRI ≥ 2 mirrored those of cirrhosis diagnosis. Th e highest pro-

portion of APRI ≥ 2 or cirrhosis was among Hispanics (30.6 % ), 

followed by NHWs (25.5 % ) and AAs (16.2 % ;  P     <    0.0001). In the 

multivariable logistic regression examining the expanded cirrhosis 

defi nition as the outcome variable, the adjusted OR for AAs was 

0.57 (0.55 – 0.58), and 1.29 (1.23 – 1.36) for AAs as compared with 

NHWs (data not shown). 

 In the last sensitivity analysis, we repeated the analyses using 

birth year instead of age at fi rst HCV RNA, and found similar 

1,000 PY. Th e incidence rate of HCC was 20.1 and 19.1 per 1,000 

PY in patients with all cirrhosis and prevalent cirrhosis, respec-

tively. 

 Th e incidence rate of cirrhosis was highest in Hispanics 

(28.8 / 1,000 PY, 95 %  CI    =    27.2 – 30.5) followed by NHWs (21.6 / 1,000 

PY, 95 %  CI    =    21.1 – 22.0), and the lowest in AAs (13.3 / 1,000 PY, 

95 %  CI    =    12.8 – 13.7). Similarly, the incidence rates for HCC were 

highest in Hispanics (7.8 / 1,000 PY, 95 %  CI    =    7.0 – 8.6), followed by 

NHWs (4.7 / 1,000 PY, 95 %  CI    =    4.5 – 4.9), and lowest in AAs with a 

rate of 3.9 / 1,000 PY (95 %  CI    =    3.7 – 4.1). 

  Figure 1a,b  display the cumulative incidence of cirrhosis and 

HCC, respectively stratifi ed by race. Risk of having cirrhosis or 

HCC recorded was signifi cantly diff erent by racial group (log-rank 

test  P  value     <    0.0001). Th e rates were consistently highest among 

Hispanics, followed by NHWs and lowest in AAs. In univariate 

Cox analyses, and similar to the Kaplan – Meier analysis, Hispanic 

race was associated with a higher risk for cirrhosis (unadjusted 

HR    =    1.33, 95 %  CI    =    1.25 – 1.41) and HCC (unadjusted HR    =    1.64, 

95 %  CI    =    1.47 – 1.84) compared with NHW. In contrast, AAs had 

a signifi cantly lower risk for cirrhosis   (unadjusted HR, HR    =    0.61, 

95 %  CI    =    0.0.59 – 0.64) and HCC (unadjusted HR    =    0.83, 95 %  

CI    =    0.77 – 0.90) compared with NHWs. 

 We examined the independent association between race and risk 

for incident cirrhosis and HCC aft er adjusting for demographic 

and clinical factors ( Table 2  ) . Th e risk for cirrhosis in Hispanics 

with HCV was 28 %  greater (adjusted HR    =    1.28, 95 %  CI    =    1.21 –
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  Figure 1 .         Cumulative incidence of cirrhosis ( a ) and hepatocellular 
cancer (HCC,  b ) in non-Hispanic White, African Americans, and Hispanic 
patients.  
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associations between race and risk for cirrhosis or HCC. For exam-

ple, for AAs (vs. NHWs), the adjusted HR for cirrhosis was 0.77 

(95 %  CI    =    0.71 – 0.83) and for HCC the adjusted HR was 0.58 (95 %  

CI    =    0.55 – 0.60).    

 DISCUSSION 
 In this large US cohort of patients with HCV, we found that 

patients ’  race / ethnicity was independently associated with the risk 

of having cirrhosis and HCC recorded during follow-up. Specifi -

cally, we found that, compared with NHW patients with HCV, the 

odds of AAs being less likely to develop cirrhosis and HCC were 

0.42 and 0.23, respectively. In contrast, Hispanics with HCV had a 

28 and 61 %  increased risk of developing both cirrhosis and HCC, 

respectively, compared with NHWs. Th e eff ect of race persisted 

aft er we adjusted for confounders in the multivariable regression 

analyses and was consistent across several subgroups based on 

age, HCV genotype, and diabetes. 

 We considered several possibilities as explanations for the asso-

ciation between race and cirrhosis or HCC in patients with HCV. 

First, HCV treatment, especially one that results in sustained 

virologic response, is a known protective factor against the devel-

opment of cirrhosis or HCC. Indeed, we found that NHWs and 

Hispanics were signifi cantly more likely to receive and respond 

to antiviral treatment than were AAs. Th is therapeutic advantage 

in NHWs and Hispanics, however, did not counterbalance the 

observed negative impact of race on cirrhosis and HCC risk. Sec-

ond, we considered the possibility of an incidence / prevalence bias 

introduced by our analytical technique where we excluded patients 

with prevalent cirrhosis or HCC from the main analyses. Specifi -

cally, it is possible that diff erential exclusion of AA patients from 

the main analysis could have spuriously magnifi ed the inverse 

association between AA and study endpoints. To explore this pos-

sibility, we constructed separate models that examined the asso-

ciation between race and prevalent cirrhosis and HCC and found 

similar results to those for the incident cases. Th ird, it is plausible 

that lower diagnoses of cirrhosis and HCC in AAs refl ect lower 

health-care utilization, resulting in suboptimal workup and eval-

uation in this subgroup. However, our main fi ndings persisted 

  Table 2 .    Association between race and risk of incident cirrhosis 
(column 2) and hepatocellular cancer (HCC, column 3) — results 
of multivariable Cox regression analyses   

    Characteristics  
  Adjusted hazard ratio  a  

 (95 %  confi dence interval)  

      Incident cirrhosis    Incident HCC  

    Race  

      White  1.0  1.0 

      African American  0.576 (0.553 – 0.601)  0.770 (0.713 – 0.832) 

      Hispanic  1.283 (1.206 – 1.365)  1.610 (1.440 – 1.801) 

      Others  0.919 (0.807 – 1.047)  1.005 (0.782 – 1.292) 

    Demographics  

   Age  1.023 (1.020 – 1.027)  1.063 (1.056 – 1.070) 

    Gender      

      Female  1.0  1.0 

      Male  1.165 (1.034 – 1.313)  2.925 (1.936 – 4.419) 

    Period of service  

      World War I / II  1.0  1.0 

      Vietnam  1.353 (1.226 – 1.493)  1.376 (1.173 – 1.614) 

      Post-Vietnam  1.161 (1.024 – 1.315)  0.956 (0.767 – 1.193) 

    Clinical factors  

   Years of HCV diagnosis 

      2000 – 2002  1.0  1.0 

      2003 – 2005  1.057 (1.015 – 1.101)  1.196 (1.104 – 1.295) 

      2006 – 2009  1.295 (1.215 – 1.380)  1.857 (1.637 – 2.107) 

    Diabetes  

      No  1.0  1.0 

      Yes  1.324 (1.259 – 1.392)  1.400 (1.279 – 1.533) 

    Alcohol abuse  

      No  1.0  1.0 

      Yes  1.187 (1.145 – 1.230)  1.229 (1.146 – 1.317) 

    HIV coinfection  

      No  1.0  1.0 

      Yes  1.157 (1.065 – 1.257)  0.953 (0.802 – 1.132) 

    Body mass index (BMI)  

      Less than 18.5  1.0  1.0 

      18.5 – 24  0.958 (0.815 – 1.126)  1.185 (0.870 – 1.612) 

      25 – 29  1.056 (0.899 – 1.240)  1.129 (0.830 – 1.536) 

      30 or higher  1.262 (1.074 – 1.483)  1.165 (0.854 – 1.588) 

    HCV genotype      

      1  1.0  1.0 

      2  0.697 (0.652 – 0.746)  0.559 (0.481 – 0.650) 

      3  1.283 (1.201 – 1.371)  1.789 (1.586 – 2.018) 

      4  0.942 (0.771 – 1.151)  0.997 (0.677 – 1.468) 

      5 / 6  1.951 (0.931 – 4.089)  1.027 (0.144 – 7.292) 

  Table 2 .    Continued   

    Characteristics  
  Adjusted hazard ratio  a  

 (95 %  confi dence interval)  

      Incident cirrhosis    Incident HCC  

    Antiviral treatment      

      No treatment  1.0  1.0 

      Sustained response  0.752 (0.692 – 0.818)  0.400 (0.321 – 0.497) 

      No response  2.068 (1.968 – 2.178)  1.336 (1.194 – 1.495) 

      Undeterminable  1.554 (1.453 – 1.662)  0.956 (0.816 – 1.120) 

   a    Adjusted for year of hepatitis C virus (HCV) diagnosis, age, gender, HCV 
genotype, BMI, alcohol use, HIV, Hep B coinfection, period of service, and HCV 
treatment response.   
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despite adjusting for the number of outpatient and inpatient visits 

in the VA as a surrogate measure of the quantity of health-care uti-

lization. Furthermore, although possible, it is unlikely that racial 

diff erences in care may explain the higher risks of cirrhosis and 

HCC in Hispanic patients with HCV compared with NHWs ( 24 ). 

In fact, racial diff erences in care are oft en ameliorated in the VA 

because of the equal access system that provides care to a racially 

diverse veteran population without the fi nancial restrictions gen-

erally associated with the private sector ( 25,26 ). Collectively, these 

data demonstrate that AAs have lower risk of cirrhosis and HCC 

in patients with HCV, whereas Hispanics have higher risks of these 

conditions. 

 Racial diff erences in the distribution of genetic and non-genetic 

risk factors not completely captured by our study may explain 

some of the observed racial diff erences in cirrhosis or HCC risk. 

For example, Hispanics are known to have high rates of fatty liver 

as well as high prevalence of PNPLA3 polymorphism, both of 

which may predispose to increased risk for cirrhosis and HCC 

( 27,28 ); however, we did not have information on the presence or 

severity of fatty liver or any genetic data. Insulin resistance is also 

a risk factor for advanced fi brosis, cirrhosis, and HCC ( 29 ), and, 

although we adjusted for diabetes, we did not have information 

on insulin resistance (e.g., HbA1C or HOMA-IR) in nondiabet-

ics. Furthermore, there are interethnic diff erences in adipose tis-

sue amount and distribution where AAs may have signifi cantly 

lower abdominal or visceral adiposity compared with other eth-

nic groups ( 30 – 34 ). Visceral abdominal adiposity is associated 

with increased risk for hepatic steatosis and fi brosis in HCV as 

well as non alcoholic fatty liver disease   ( 30,31,35 ). We did not 

have information on the amount and distribution of body fat on 

patients in this study. Although HIV was more common among 

Hispanics, and thus may partly explain this group ’ s higher risk 

for advanced liver disease, the adjusted analyses (for HIV) dem-

onstrated the persistence of racial diff erences in risk for cirrhosis 

and HCC. Future studies should consider confi rming our fi nd-

ings as well as explaining the racial variation in severity of HCV 

and non-HCV-related liver disease by addressing some of the 

risk factors described above. 

 Our study is limited by the observational retrospective nature 

of its design. However, this is the most efficient and feasible 

option because large prospective studies with long-term fol-

low-up are not likely to be conducted because of cost and time 

constraints. Furthermore, the consistency of our results across 

several subgroups and in prespecified sensitivity analyses pro-

vides further internal validity to the findings. Underrecording 

of cirrhosis was possible, and this underrecording may have 

affected one or more racial groups compared with the rest. This 

likelihood is, however, lower for highly fatal conditions such 

as HCC. On the basis of known racial discrepancies in care, 

one would expect AAs and Hispanics to be disproportionately 

affected by underdiagnosis, and hence some of the observed 

findings (low rates in AAs) may be partly explained by that, 

but not the opposite, finding in Hispanics. Furthermore, some 

veterans in this study may have used non-VA care with the 

potential for missing information. 

  Table 3 .    Association between race and risk of incident 
hepatocellular cancer in subgroup analyses — table presents 
adjusted hazard ratios from Cox regression models under various 
scenarios   

    Defi ned subgroup  
  Adjusted hazard ratio 

(95 %  confi dence interval)  

    Patients with prevalent cirrhosis (n=10,758)  

      Non-Hispanic White  1.0 

      African American  0.804 (0.673 – 0.959) 

      Hispanic  1.224 (0.995 – 1.507) 

      Other  0.978 (0.595 – 1.608) 

    Patients with any cirrhosis (n=26,294)  

      Non-Hispanic White  1.0 

      African American  1.095 (1.001 – 1.199) 

      Hispanic  1.287 (1.139 – 1.454) 

      Other  0.987 (0.736 – 1.647) 

    Younger patients (50 years and younger, n=64,858)  

      Non-Hispanic White  1.0 

      African American  0.691 (0.599 – 0.796) 

      Hispanic  1.705 (1.407 – 2.065) 

      Other  0.808 (0.484 – 1.348) 

    Older patients (older than 50 years, n=83,776)  

      Non-Hispanic White  1.0 

      African American  0.797 (0.727 – 0.873) 

      Hispanic  1.542 (1.343 – 1.771) 

      Other  1.098 (0.823 – 1.464) 

    HCV genotype 1 (n=82,108)  

      Non-Hispanic White  1.0 

      African American  0.757 (0.690 – 0.830) 

      Hispanic  1.655 (1.428 – 1.919) 

      Other  1.138 (0.837 – 1.549) 

    HCV genotype 3 (n=7552)  

      Non-Hispanic White  1.0 

      African American  0.493 (0.253 – 0.961) 

      Hispanic  1.299 (0.917 – 1.840) 

      Other  0.840 (0.393 – 1.795) 

    Patients without diabetes (n=131,069)  

      Non-Hispanic White  1.0 

      African American  0.774 (0.711 – 0.843) 

      Hispanic  1.626 (1.435 – 1.843) 

      Other  0.987 (0.747 – 1.304) 

    Patients with diabetes (n=17,565)  

      Non-Hispanic White  1.0 

      African American  0.732 (0.611 – 0.877) 

      Hispanic  1.495 (1.157 – 1.930) 

      Other  1.020 (0.570 – 1.825) 

     Models adjusted for year of hepatitis C virus (HCV) diagnosis, age, gender, HCV 
genotype, body mass index, alcohol use, HIV, Hep B coinfection, period of 
service, and HCV treatment response.   
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 Our results are derived from known HCV-infected patients 

who sought care in the VA health-care system, and, although 

the generalizability of the biologic process of cirrhosis progres-

sion probably extends from these veterans to other HCV-infected 

individuals in the VA, as well as to non-veterans, further research 

would be needed to confi rm that. We are also limited by the 

ICD-9 coding system ’ s sensitivity and specifi city for our outcomes, 

which may vary between the VA and non-VA practitioners, thus 

limiting the generalizability of overall rates of cirrhosis and HCC 

to HCV patients outside of the VA. It is important to distinguish 

our data on the risk estimates of cirrhosis and HCC from the 

burden of these diseases. For example, AAs have a higher bur-

den of HCV-related cirrhosis and HCC compared with NHWs 

because the prevalence of HCV in AAs is more than double that 

in NHWs. Finally, the increased HCC risk in Hispanics dropped 

in subgroup analysis limited to HCV genotype 3; although this 

may refl ect the relatively small number of patients in this group, 

it is possible that steatosis eff ect related to insulin resistance, 

which is common in Hispanics, is attenuated in the presence of 

HCV genotype 3 viral-related steatosis ( 36 ). 

 In summary, patients ’  race was signifi cantly associated with the 

risk for cirrhosis and HCC. Th is association is independent of 

patients ’  age, year of birth, or HCV genotype and persisted aft er 

adjusting for a range of factors including diabetes, body mass 

index, and antiviral treatment. Th ese data are relevant to further 

the understanding of genetic as well as non-genetic diff erences 

that may explain the racial variations in the progression of liver 

disease, and can also guide physicians in counseling patients with 

HCV regarding the risk of disease progression. We also believe that 

individual-level clinical data, such as the present degree of hepatic 

fi brosis, presence of decompensation, and non-hepatic comorbidi-

ties, rather than distal events such as time of HCV acquisition or 

patients ’  race, should be employed in treatment decision making.     
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 There are known racial and ethnic variations in the preva-

lence of hepatitis C virus (HCV), spontaneous clearance, 
and response to antiviral therapy. 

  3 There may be racial differences in the severity of HCV-
related disease, specifi cally cirrhosis and hepatocellular 
carcinoma. 

  3 Small studies, mostly case – control and cross-sectional 
studies, reported racial differences among Whites, African 
Americans, and Hispanics. However, neither the direction 
nor the magnitude of these differences is known. 

  WHAT IS NEW HERE  
  3 We conducted a retrospective cohort study of 149,407 

multiracial US veterans with confi rmed chronic HCV 
infection and an average follow-up of 5.2 years. 

  3 Hispanic patients have a signifi cantly higher risk of develop-
ing cirrhosis and hepatocellular carcinoma compared with 
African Americans and non-Hispanic Whites. 

  3 African Americans have a signifi cantly lower risk of develop-
ing cirrhosis and hepatocellular carcinoma compared with 
Hispanics and non-Hispanic Whites. 

  3 These associations persisted even after adjusting for a 
range of factors including HCV genotype, HCV treatment, 
diabetes, and body mass index. 

  3 The reasons for the observed racial differences need to be 
examined.          

   Table 4 .    Racial distribution of prevalent cases of cirrhosis and hepatocellular cancer (HCC) among veteran patients with HCV infection   

    Race     N  ( % )      Adjusted odds ratio   a    (95 %  confi dence interval)  

      Prevalent cirrhosis     Prevalent HCC ( % )    Prevalent cirrhosis     Prevalent HCC  

   White  7,775 (9.25)  467 (0.56)  1.0  1.0 

   African American  2,227 (4.13)  195 (0.36)  0.393 (0.374 0.413)  0.586 (0.492 0.697) 

   Hispanic  1,018 (11.41)  100 (1.12)  1.224 (1.141 1.313)  2.009 (1.613 2.502) 

   Others  194 (7.97)  11 (0.45)  0.826 (0.711 0.960)  0.790 (0.434 1.441) 

   a    Adjusted for year of hepatitis C virus (HCV) diagnosis, age, gender, HCV genotype, body mass index, alcohol use, HIV, Hep B coinfection, period of service, and HCV 
treatment response.   



© 2014 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

9

 LI
V

E
R

 

 Effect of race on cirrhosis and HCC risk 

Hepatol     advance online publication, 17 December 2013; pii. 51542-3565(13) 
(e-pub ahead of print)    .  

   18   .      Morgan     TR   ,    O ’ Brien     TR    .   IL28B-genotype testing now and in the era of 
direct-acting antiviral agents  .   Clin Gastroenterol Hepatol     2011  ;  9  :  293   –    4  .  

   19   .      Backus     LI   ,    Gavrilov     S   ,    Loomis     TP       et al.       Clinical Case Registries: simultane-
ous local and national disease registries for population quality manage-
ment  .   J Am Med Inform Assoc     2009  ;  16  :  775   –    83  .  

   20   .      Kramer     JR   ,    Davila     JA   ,    Miller     ED       et al.       Th e validity of viral hepatitis and 
chronic liver disease diagnoses in Veterans Aff airs administrative databases  . 
  Aliment Pharmacol Th er     2008  ;  27  :  274   –    82  .  

  21   .      Davila     JA   ,    Weston     A   ,    Smalley     W       et al.       Utilization of screening for hepatocel-
lular carcinoma in the United States  .   J Clin Gastroenterol     2007  ;  41  :  777   –    82  .  

   22   .      Wai     CT   ,    Greenson     JK   ,    Fontana     RJ       et al.       A simple noninvasive index can 
predict both signifi cant fi brosis and cirrhosis in patients with chronic 
hepatitis C  .   Hepatology     2003  ;  38  :  518   –    26  .  

   23   .      Backus     LI   ,    Boothroyd     DB   ,    Phillips     BR       et al.       Predictors of response of US 
veterans to treatment for the hepatitis C virus  .   Hepatology     2007  ;  46  :  37   –   47  .  

   24   .      Kanwal     F   ,    Hoang     T   ,    Chrusciel     T       et al.       Process of care for hepatitis C infec-
tion is linked to treatment outcome and virologic response  .   Clin Gastro-
enterol Hepatol     2012  ;  10  :  1270   –    7  .  

   25   .      Robinson     CN   ,    Balentine     CJ   ,    Marshall     CL       et al.       Ethnic disparities are 
reduced in VA colon cancer patients  .   Am J Surg     2010  ;  200  :  636   –    9  .  

  26   .      Sandulache     VC   ,    Kubik     MW   ,    Skinner     HD       et al.       Impact of race/ethnicity on 
laryngeal cancer in patients treated at a Veterans Aff airs Medical Center  . 
  Laryngoscope     2013  ;  123  :  2170   –    5  .  

   27   .      Palmer     ND   ,    Musani     SK   ,    Yerges-Armstrong     LM       et al.       Characterization of 
European ancestry nonalcoholic fatty liver disease-associated variants in 
individuals of African and Hispanic descent  .   Hepatology     2013  ;  58  :  966   –    75  .  

  28   .      Hassan     MM   ,    Kaseb     A   ,    Etzel     CJ       et al.       Genetic variation in the PNPLA3 
gene and hepatocellular carcinoma in USA: risk and prognosis prediction  . 
  Mol Carcinog     2013  ;  52     (Suppl 1)  :   E139   –    47  .  

   29   .      Farrell     G    .   Insulin resistance, obesity, and liver cancer  .   Clin Gastroenterol 
Hepatol     2014  ;  12  :  117   –    9  .  

    30   .      Liska     D   ,    Dufour     S   ,    Zern     TL       et al.       Interethnic diff erences in muscle, liver and 
abdominal fat partitioning in obese adolescents  .   PLoS One     2007  ;  2  :  e569  .  

  31   .      Ingram     KH   ,    Lara-Castro     C   ,    Gower     BA       et al.       Intramyocellular lipid and 
insulin resistance: diff erential relationships in European and African 
Americans  .   Obesity (Silver Spring)     2011  ;  19  :  1469   –    75  .  

  32   .      Herrera     VM   ,    Casas     JP   ,    Miranda     JJ       et al.       Interethnic diff erences in the 
accuracy of anthropometric indicators of obesity in screening for high risk 
of coronary heart disease  .   Int J Obes (Lond)     2009  ;  33  :  568   –    76  .  

  33   .      O ’ Connor     DP   ,    Bray     MS   ,    McFarlin     BK       et al.       Ethnic bias in anthropometric 
estimates of DXA abdominal fat: the TIGER study  .   Med Sci Sports Exerc   
  2011  ;  43  :  1785   –    90  .  

  34   .      Fezeu     L   ,    Balkau     B   ,    Sobngwi     E       et al.       Waist circumference and obesity-related 
abnormalities in French and Cameroonian adults: the role of urbanization 
and ethnicity  .   Int J Obes (Lond)     2010  ;  34  :  446   –    53  .  

  35   .      Guerrero     R   ,    Vega     GL   ,    Grundy     SM       et al.       Ethnic diff erences in hepatic 
steatosis: an insulin resistance paradox?     Hepatology     2009  ;  49  :  791   –   801  .  

   36   .      Shah     SR   ,    Patel     K   ,    Marcellin     P       et al.       Steatosis is an independent predictor of 
relapse following rapid virologic response in patients with HCV genotype 3  . 
  Clin Gastroenterol Hepatol     2011  ;  9  :  688   –    93  .       

              

   REFERENCES  
   1   .      Crosse     K   ,    Umeadi     OG   ,    Anania     FA       et al.       Racial diff erences in liver infl am-

mation and fi brosis related to chronic hepatitis C  .   Clin Gastroenterol 
Hepatol     2004  ;  2  :  463   –    8  .  

  2   .      Kallwitz     ER   ,    Guzman     G   ,    TenCate     V       et al.       Th e histologic spectrum of liver 
disease in African-American, non-Hispanic white, and Hispanic obesity 
surgery patients  .   Am J Gastroenterol     2009  ;  104  :  64   –    9  .  

  3   .      Siddiqui     FA   ,    Ehrinpreis     MN   ,    Janisse     J       et al.       Demographics of a large cohort 
of urban chronic hepatitis C patients  .   Hepatol Int     2008  ;  2  :  376   –    81  .  

  4   .      Wiley     TE   ,    Brown     J   ,    Chan     J    .   Hepatitis C infection in African Americans: 
its natural history and histological progression  .   Am J Gastroenterol   
  2002  ;  97  :  700   –    6  .  

   5   .      Hu     SX   ,    Kyulo     NL   ,    Xia     VW       et al.       Factors associated with hepatic fi brosis in 
patients with chronic hepatitis C: a retrospective study of a large cohort of 
US patients  .   J Clin Gastroenterol     2009  ;  43  :  758   –    64  .  

  6   .      Terrault     NA   ,    Im     K   ,    Boylan     R       et al.       Fibrosis progression in African Americans 
and Caucasian Americans with chronic hepatitis C  .   Clin Gastroenterol 
Hepatol     2008  ;  6  :  1403   –    11  .  

   7   .      Nguyen     MH   ,    Whittemore     AS   ,    Garcia     RT       et al.       Role of ethnicity in risk for 
hepatocellular carcinoma in patients with chronic hepatitis C and cirrhosis  . 
  Clin Gastroenterol Hepatol     2004  ;  2  :  820   –    4  .  

   8   .      Bambha     K   ,    Belt     P   ,    Abraham     M       et al.       Ethnicity and nonalcoholic fatty liver 
disease  .   Hepatology     2012  ;  55  :  769   –    80  .  

  9   .      Kohla     M   ,    Iwata     S   ,    Ea     R       et al.       Histological versus clinical cirrhosis in 
chronic hepatitis C: does race/ethnicity really matter?     Dig Dis Sci   
  2012  ;  57  :  771   –    6  .  

  10   .      Lomonaco     R   ,    Ortiz-Lopez     C   ,    Orsak     B       et al.       Role of ethnicity in over-
weight and obese patients with nonalcoholic steatohepatitis  .   Hepatology   
  2011  ;  54  :  837   –    45  .  

  11   .      Carrion     AF   ,    Ghanta     R   ,    Carrasquillo     O       et al.       Chronic liver disease in the 
Hispanic population of the United States  .   Clin Gastroenterol Hepatol   
  2011  ;  9  :  834   –    41  .  

  12   .      Kallwitz     ER   ,    Layden-Almer     J   ,    Dhamija     M       et al.       Ethnicity and body mass 
index are associated with hepatitis C presentation and progression  .   Clin 
Gastroenterol Hepatol     2010  ;  8  :  72   –    8  .  

  13   .      Flores     YN   ,    Yee     HF     Jr   ,    Leng     M       et al.       Risk factors for chronic liver 
disease in Blacks, Mexican Americans, and Whites in the United States: 
results from NHANES IV, 1999-2004  .   Am J Gastroenterol     2008  ;  103  :  
2231   –    8  .  

  14   .      Riquelme     A   ,    Arrese     M   ,    Soza     A       et al.       Non-alcoholic fatty liver disease and 
its association with obesity, insulin resistance and increased serum levels 
of C-reactive protein in Hispanics  .   Liver Int     2009  ;  29  :  82   –    8  .  

  15   .      Verma     S   ,    Bonacini     M   ,    Govindarajan     S       et al.       More advanced hepatic fi brosis 
in hispanics with chronic hepatitis C infection: role of patient demo-
graphics, hepatic necroinfl ammation, and steatosis  .   Am J Gastroenterol   
  2006  ;  101  :  1817   –    23  .  

   16   .      Lok     AS   ,    Seeff      LB   ,    Morgan     TR       et al.       Incidence of hepatocellular carcinoma 
and associated risk factors in hepatitis C-related advanced liver disease  . 
  Gastroenterology     2009  ;  136  :  138   –    48  .  

   17   .      Levy     C   ,    Naik     J   ,    Giordano     C       et al.       Hispanics with primary biliary cirrho-
sis are more likely to have features of autoimmune hepatitis and reduced 
response to ursodeoxycholic acid than non-hispanics  .   Clin Gastroenterol 




