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Abstract
Objectives  To investigate risk factor patterns and the 
simultaneous occurrence of multiple risk factors in 
the viral, metabolic and lifestyle domains among Asian 
Americans, who have had the highest mortality rates from 
hepatocellular carcinoma (HCC).
Setting  Sacramento County, California, USA.
Participants  Eligible participants were county residents 
ages 18 and older who had not been screened for chronic 
hepatitis B virus (HBV) and were born in a CDC-defined 
endemic area or whose parent was born in that area. 
Of 1004 enrolled, 917 were foreign-born Chinese (130 
women, 94 men), Hmong (133 women, 75 men), Korean 
(178 women, 90 men) or Vietnamese (136 women, 81 
men) with complete risk factor data.
Primary and secondary outcome measures  We tested 
participants for HBV and chronic hepatitis C virus (HCV); 
measured haemoglobin A1c and waist circumference; and 
recorded self-reported history of diabetes, hypertension, 
alcohol use and smoking status. We identified risk factor 
patterns using cluster analysis and estimated gender-
specific age-standardised prevalence rates.
Results  We identified four patterns: (1) viral (chronic 
HBV or HCV); (2) lifestyle (current smoker or alcohol 
user, no viral); (3) metabolic (≥2 metabolic, no lifestyle 
or viral); and (4) lower risk (≤1 metabolic, no lifestyle or 
viral). Vietnamese men (16.3%, 95% CI 7.4% to 25.3%) 
and Hmong women (15.1%, 95% CI 7.8% to 22.5%) 
had the highest viral pattern prevalence. Hmong women 
had the highest metabolic (37.8%, 95% CI 29.8% to 
45.9%), and Vietnamese men the highest lifestyle 
(70.4%, 95% CI 59.1% to 81.7%) pattern prevalence. In 
multiple domains, Hmong men and women were most 
likely to have viral+metabolic risk factors (men: 14.4%, 
95% CI 6.0% to 22.7%; women: 11.9%, 95% CI 5.6% 
to 18.3%); Vietnamese men were most likely to have 
lifestyle+viral (10.7%, 95% CI 2.7% to 18.8%), and 
lifestyle+metabolic but not viral (46.4%, 95% CI 34.4% to 
58.5%) risk factors.
Conclusions  Efforts to reduce HCC must comprehensively 
address multiple risk factors.
Trial registration number  NCT02596438.

Background
Hepatocellular carcinoma  (HCC), the 
primary form of liver cancer, is the world’s 

second leading cause of cancer deaths.1 HCC 
disproportionately affects all populations of 
colour with Asian/Pacific Islanders having 
experienced the highest mortality rates.2 

Worldwide and among Asians, the principal 
acquired risk factors for HCC have been viral: 
chronic hepatitis B virus (HBV) and hepatitis 
C virus (HCV). Globally, liver cancer deaths 
have been attributed to HBV (37%), HCV 
(42%), alcohol (11%) and all other causes 
(10%).3

Non-alcoholic steatohepatitis (NASH) 
with its associated conditions obesity and 
type 2  diabetes is now reported to be the 
leading cause of HCC in places with histor-
ically low HCC incidence.4 NASH, meta-
bolic syndrome,5 6 high blood glucose levels, 
high body mass index (BMI)7 and obesity8 
are increasingly recognised as prominent 
and potentially independent risk factors for 
HCC. Lifestyle factors, for  example, heavy 
alcohol consumption7 9 and smoking,10 also 
increase risk. Among these factors, the rela-
tive risk (RR) of HCC is highest for HBV/
HCV (RR=22–60), followed by excessive 

Strengths and limitations of this study

►► This was a large community-based study that col-
lected primary data on the prevalence of several 
viral, metabolic and lifestyle risk factors for hepa-
tocellular carcinoma in four Asian American ethnic 
groups.

►► Hepatitis B virus (HBV), hepatitis C virus, hae-
moglobin A1c, waist circumference, height and 
weight were measured directly, but history of dia-
betes, hypertension, smoking and alcohol use were 
self-reported.

►► Liver damage was not assessed in these partic-
ipants; however, the selected risk factors are well 
established.

►► This was a convenience sample of people born in 
countries where HBV is endemic and therefore po-
tentially subject to selection bias.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1593-440X
http://dx.doi.org/10.1136/bmjopen-2018-026409
http://dx.doi.org/10.1136/bmjopen-2018-026409
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http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-026409&domain=pdf&date_stamp=2019-06-28
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alcohol (RR=7.5), metabolic disorders (RR=3.8) and 
smoking (RR=1.5), with differences in risk factor preva-
lence responsible for much of the demographic variation 
in liver cancer incidence.11

The Centers for Disease Control and Prevention (CDC) 
has recommended a multicomponent approach to 
address concurrent risk factors in the population, calling 
for collaborations between communities and healthcare 
providers to reduce the burden of chronic disease.12 We 
previously documented the prevalence of HBV13 and 
metabolic risk factors14 in a sample of Asian Americans 
residing in Sacramento County, California. The purpose 
of this paper is to investigate risk factor patterns and the 
simultaneous occurrence of multiple risk factors in the 
viral, metabolic and lifestyle domains.

Methods
Study design
The goal of the Thousand Asian Americans Study (TAAS), 
conducted in 2012–2013, was to screen 1000 Sacramento 
County, California, Asian American community adult resi-
dents for HBV, the principal risk factor for HCC among 
Asian Americans.2 Ethics approval was obtained.

Participants
Eligible participants were residents of Sacramento 
County, ages 18 and older who had not been screened 
for HBV and were born in a CDC-defined endemic area 
or whose parent was born in that area.4 These countries 
included China, Laos, Thailand, Korea, and Vietnam. We 
collaborated with community partners who were serving 
Chinese, Hmong, Korean, and Vietnamese to conduct 28 
community screening events as previously described.13 
All study materials were translated by the UC Davis Inter-
preting and Translation Services and reviewed by our 
community partners for cultural appropriateness. Our 
community partners also provided interpretation during 
screening events. Clients completing the screening 
received a $10 gift card.

Patient and public involvement
Several community organisations were involved in plan-
ning this research, including two UC Davis sponsored 
student-run clinics, the Paul Hom Asian Clinic and the 
Vietnamese Cancer Awareness Research and Education 
Society, which provide medical care primarily to Chinese 
and Vietnamese patients, respectively, and the Hmong 
Women’s Heritage Association, a community-based 
organisation serving the local Hmong population. These 
community partners and a Korean community leader, 
who convened the Shalom Korean cancer support group, 
as well as the California Northstate University Cancer 
Awareness, Research and Education student organisation, 
were also centrally involved in recruiting participants 
and conducting the study.13 Study results will be made 
available at www.​ucdmc.​ucdavis.​edu/​cancer/​research/​
programs/​aancart/​projects.​html.

Data collection
After providing informed consent, participants filled out 
a brief intake form including age, ethnicity, country of 
birth, gender, year of arrival in the USA, smoking history, 
current alcohol use, history of diabetes and other medical 
conditions, and family history of liver cancer. Research 
staff measured the participant’s height (inches), weight 
(pounds) and waist circumference (inches), and a phle-
botomist drew blood for diagnostic testing for hepatitis 
B surface antigen (HBsAg), hepatitis B surface antibody 
(anti-HBs), total hepatitis B core antibody (anti-HBc), 
total hepatitis C Ab, and the haemoglobin A1c (HbA1c) 
test. All samples were processed by the UC Davis Depart-
ment of Pathology and Laboratory Medicine.

Measures
Percent of life spent in the USA was determined by 
subtracting the self-reported year of arrival to the USA 
from the current year, dividing by age and multiplying 
by 100. Body mass index (BMI) in kg/m2 was computed 
as weight (lb)/[height (in)]2x703. BMI was classi-
fied with respect to the standard cut-point for elevated 
risk of diabetes (BMI  ≥25) and the Asian cut-point 
(BMI  ≥23).15 From a literature review, we identified 
seven principal acquired risk factors for HCC in three 
domains4–11 16–18: HBV and HCV in the viral domain; high 
glucose (HbA1c≥5.7% or self-reported diabetes), large 
waist (≥32 inches for women, ≥35 inches for men)19 and 
hypertension (self-reported) in the metabolic domain; 
and alcohol use in the past 30 days and being a current 
smoker in the lifestyle domain.

Analysis
Foreign-born Chinese, Hmong, Korean and Vietnamese 
participants with complete risk factor data were included 
in the analysis. We compared the four ethnic groups with 
respect to age, percent of life in the USA, family history of 
liver cancer and BMI among men and women separately 
using analysis of variance to compare means and χ2 tests 
to compare proportions (table  1). We then identified 
risk factor patterns by performing principal component 
analysis on variables denoting presence or absence of the 
risk factors (HBV and/or HCV, high glucose, large waist, 
hypertension, alcohol and smoking), and performing 
agglomerative hierarchical cluster analysis on the prin-
cipal component scores with eigenvalues >1 using Ward’s 
minimum variance method.20 We estimated the preva-
lence of HCC risk factors in each domain (viral, meta-
bolic and lifestyle), risk factor patterns and co-occurring 
risk factors in multiple domains within these patterns, 
by gender and ethnicity. Estimates with 95% CI were age 
standardised to the Sacramento County 2010 population 
distribution21 using the following weights: age 18–44: 0.51, 
45–54: 0.19, 55–64: 0.15,  ≥65: 0.15 (table  2). We devel-
oped two multinomial models of risk factor patterns using 
logistic regression with generalised logits. Both models 
included gender, ethnicity, age, percent of life in the USA 
and gender–ethnicity, gender–age and gender–life in 

http://www.ucdmc.ucdavis.edu/cancer/research/programs/aancart/projects.html
http://www.ucdmc.ucdavis.edu/cancer/research/programs/aancart/projects.html
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Table 1  Characteristics of a sample of foreign-born Asian American residents of Sacramento County, California, 2012–2013 
(n=917)

Women

Chinese Hmong Korean Vietnamese All

(n=130) (n=133) (n=178) (n=136) (n=577)

n (%) n (%) n (%) n (%) n (%)

Age (years)

 � 18–44 24 (18) 32 (24) 25 (14) 32 (24) 113 (20)

 � 45–54 42 (32) 36 (27) 47 (26) 41 (30) 166 (29)

 � 55–64 57 (44) 46 (35) 49 (28) 51 (38) 203 (35)

 � ≥65 7 (5) 19 (14) 57 (32) 12 (9) 95 (16)

 � Mean (SD) 51.7 (11.5) 52.3 (13.4) 58.9 (14.0) 51.7 (11.9) 54.0 (13.2)

 � Median (min-max) 54 (18–80) 54 (19–89) 59 (21–91) 54 (19–82) 55 (18–91)

Life in USA (%)

 � <25 48 (40) 20 (15) 40 (23) 53 (40) 161 (29)

 � 25–50 47 (39) 42 (32) 61 (35) 44 (34) 194 (35)

 � ≥50 25 (21) 68 (52) 72 (42) 34 (26) 199 (36)

 � Mean (SD) 32.6 (20.1) 47.7 (19.6) 40.9 (19.9) 32.8 (19.9) 38.8 (20.7)

 � Median (min-max) 30.5 (1.7–95.5) 51.6 (9.1–94.4) 44.2 (0–100) 31.0 (0–80.0) 39.2 (0–100)

Family history of liver cancer 4 (3) 1 (1) 22 (12) 16 (12) 43 (7)

BMI (kg/m2)

 � <23 70 (54) 12 (9) 78 (44) 68 (51) 228 (40)

 � 23–25 26 (20) 18 (14) 41 (23) 26 (19) 111 (19)

 � ≥25 34 (26) 103 (77) 59 (33) 40 (30) 236 (41)

 � Mean (SD) 23.1 (3.5) 27.9 (3.9) 23.6 (3.1) 23.2 (3.4) 24.4 (4.0)

 � Median (min-max) 22.6 (14.8–34.9) 27.6 (20.3–39.9) 23.5 (16.4–33.3) 22.8 (17.0–35.9) 23.8 (14.8–39.9)

Men

Chinese Hmong Korean Vietnamese All

(n=94) (n=75) (n=90) (n=81) (n=340)

n (%) n (%) n (%) n (%) n (%)

Age (years)

 � 18–44 17 (18) 20 (27) 10 (11) 22 (27) 69 (20)

 � 45–54 24 (26) 22 (29) 24 (27) 16 (20) 86 (25)

 � 55–64 43 (46) 24 (32) 21 (23) 32 (40) 120 (35)

 � ≥65 10 (11) 9 (12) 35 (39) 11 (14) 65 (19)

 � Mean (SD) 53.7 (10.9) 50.5 (15.5) 60.0 (13.2) 51.9 (13.3) 54.2 (13.6)

 � Median (min-max) 55.5 (22–76) 53 (18–81) 58.5 (20–92) 55 (21–83) 55.5 (18–92)

Life in USA (%)

 � <25 38 (43) 6 (8) 19 (22) 22 (28) 85 (26)

 � 25–50 23 (26) 25 (34) 39 (44) 27 (34) 114 (35)

 � ≥50 27 (31) 43 (58) 30 (34) 31 (39) 131 (40)

 � Mean (SD) 33.4 (21.9) 51.6 (19.9) 42.0 (19.1) 39.6 (22.4) 41.3 (21.7)

 � Median (min-max) 28.6 (0–97.1) 52.0 (10.7–100) 44.2 (0–100) 40.8 (0–94.1) 42.6 (0–100)

Family history of liver cancer 4 (4) 1 (1) 7 (8) 6 (7) 18 (5)

BMI (kg/m2)

 � <23 38 (40) 8 (11) 30 (33) 32 (40) 108 (32)

 � 23–25 29 (31) 10 (14) 23 (26) 19 (23) 81 (24)

 � ≥25 27 (29) 56 (76) 37 (41) 30 (37) 150 (44)

 � Mean (SD) 23.7 (3.0) 27.1 (3.8) 24.4 (3.4) 23.6 (3.0) 24.6 (3.6)

 � Median (min-max) 23.6 (17.1–35.1) 27.1 (19.3–39.9) 24.2 (16.1–36.4) 23.7 (16.9–29.1) 24.4 (16.1–39.9)

Missing values: life in USA (n=33), BMI (n=3). Note, gender-specific ethnic differences in proportions were assessed using chi-square tests, 
and differences in means were assessed using analysis of variance (ANOVA), all p<0.0001, except family history of liver cancer in men 
(p=0.22).
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USA interactions, enabling us to estimate gender-specific 
OR with 95% CI as well as a main effect for gender. Vari-
ables were included in the models based on clinical signif-
icance; age was included also as a potential confounder of 

the relationship between the other independent variables 
and the risk factor patterns. Because BMI is associated with 
metabolic syndrome and its components,22 and so may 
explain some of the relationship between demographic 

Table 2  Prevalence of hepatocellular carcinoma risk factors in a sample of foreign-born Asian American residents of 
Sacramento County, California, 2012–2013 (n=917)

Women

Chinese Hmong Korean Vietnamese All

(n=130) (n=133) (n=178) (n=136) (n=577)

Risk factors Prev. (95% CI) Prev. (95% CI) Prev. (95% CI) Prev. (95% CI) Prev. (95% CI)

Viral

 � Chronic HBV 3.7 (0.0 to 8.1) 14.0 (6.8 to 21.2) 0.7 (0.0 to 1.6) 9.0 (2.7 to 15.2) 6.8 (4.0 to 9.6)

 � Chronic HCV 2.6 (0.0 to 6.6) 1.1 (0.0 to 2.7) 1.2 (0.0 to 2.4) 1.8 (0.2 to 3.4) 1.5 (0.7 to 2.4)

 � Viral pattern 6.3 (0.4 to 12.2) 15.1 (7.8 to 22.5) 1.9 (0.4 to 3.3) 10.8 (4.3 to 17.2) 8.3 (5.4 to 11.2)

Lifestyle

 � Alcohol 15.0 (6.3 to 23.7) 5.8 (0.5 to 11.2) 17.2 (9.9 to 24.5) 18.6 (10.6 to 26.6) 14.1 (10.5 to 17.6)

 � Smoking 0.5 (0.0 to 1.3) 1.6 (0.0 to 4.7) 1.9 (0.4 to 3.4) 1.3 (0.0 to 3.6) 1.3 (0.2 to 2.4)

 � Lifestyle pattern 14.6 (5.9 to 23.3) 5.8 (0.5 to 11.2) 18.2 (10.9 to 25.5) 18.3 (10.3 to 26.3) 14.1 (10.6 to 17.7)

Metabolic

 � High glucose 37.2 (26.7 to 47.6) 37.9 (30.9 to 44.9) 30.9 (23.4 to 38.4) 35.6 (28.9 to 42.2) 35.0 (31.3 to 38.8)

 � Large waist 50.8 (38.9 to 62.8) 83.9 (75.7 to 92.0) 39.0 (29.7 to 48.4) 55.5 (45.8 to 65.1) 57.5 (52.4 to 62.7)

 � Hypertension 18.2 (11.9 to 24.4) 26.5 (18.5 to 34.5) 16.2 (12.8 to 19.6) 16.5 (11.5 to 21.4) 19.5 (16.6 to 22.3)

 � Metabolic pattern 24.0 (15.5 to 32.5) 37.8 (29.8 to 45.9) 18.5 (13.2 to 23.7) 18.3 (12.3 to 24.4) 25.0 (21.6 to 28.4)

Multiple domains

 � Viral+metabolic 4.2 (0.0 to 8.5) 11.9 (5.6 to 18.3) 1.5 (0.2 to 2.7) 8.9 (3.2 to 14.6) 6.3 (4.0 to 8.7)

 � Viral+lifestyle 0.9 (0.0 to 2.1) 1.6 (0.0 to 4.7) 0 (NA) 1.5 (0.0 to 4.0) 0.9 (0.0 to 1.9)

 � Lifestyle+metabolic only 9.4 (2.3 to 16.5) 5.8 (0.5 to 11.2) 9.9 (5.0 to 14.7) 11.0 (5.4 to 16.5) 8.9 (6.2 to 11.7)

Men

Chinese Hmong Korean Vietnamese All

(n=94) (n=75) (n=90) (n=81) (n=340)

Risk factors Prev. (95% CI) Prev. (95% CI) Prev. (95% CI) Prev. (95% CI) Prev. (95% CI)

Viral

 � Chronic HBV 12.7 (2.8 to 22.5) 12.7 (4.9 to 20.5) 0.0 (NA) 15.4 (6.5 to 24.3) 10.3 (6.1 to 14.4)

 � Chronic HCV 0.8 (0.0 to 2.3) 1.7 (0.0 to 4.7) 0.4 (0.0 to 1.3) 1.9 (0.2 to 3.6) 1.2 (0.3 to 2.1)

 � Viral pattern 13.5 (3.5 to 23.4) 14.4 (6.0 to 22.7) 0.4 (0.0 to 1.3) 16.3 (7.4 to 25.3) 11.2 (6.9 to 15.5)

Lifestyle

 � Alcohol 39.8 (26.6 to 53.0) 29.8 (17.8 to 41.8) 45.3 (28.6 to 62.0) 75.3 (65.0 to 85.6) 48.1 (41.4 to 54.7)

 � Smoking 27.6 (15.3 to 39.9) 22.2 (10.8 to 33.7) 16.7 (3.5 to 29.9) 24.0 (13.3 to 34.7) 22.5 (16.8 to 28.3)

 � Lifestyle pattern 40.8 (27.6 to 54.1) 42.8 (30.0 to 55.7) 47.6 (30.8 to 64.3) 70.4 (59.1 to 81.7) 50.7 (44.1 to 57.4)

Metabolic

 � High glucose 56.6 (43.4 to 69.7) 40.8 (28.7 to 53.0) 49.8 (33.4 to 66.2) 34.6 (24.1 to 45.0) 44.9 (38.7 to 51.2)

 � Large waist 51.8 (38.4 to 65.2) 66.0 (53.6 to 78.3) 36.0 (20.6 to 51.4) 45.4 (32.8 to 58.0) 50.1 (43.4 to 56.8)

 � Hypertension 17.3 (9.3 to 25.3) 21.4 (12.2 to 30.5) 19.2 (8.6 to 29.8) 12.5 (6.7 to 18.3) 18.4 (14.5 to 22.4)

 � Metabolic pattern 22.4 (12.6 to 32.3) 16.7 (8.1 to 25.3) 19.1 (8.4 to 29.7) 5.1 (0.3 to 10.0) 16.8 (12.5 to 21.1)

Multiple domains

 � Viral+metabolic 6.0 (0.0 to 12.2) 14.4 (6.0 to 22.7) 0.0 (NA) 6.7 (0.9 to 12.6) 6.7 (3.6 to 9.9)

 � Viral+lifestyle 4.5 (0.0 to 10.5) 4.9 (0.0 to 10.4) 0.0 (NA) 10.7 (2.7 to 18.8) 5.6 (2.2 to 8.9)

 � Lifestyle+metabolic only 32.6 (20.2 to 45.1) 31.2 (18.8 to 43.5) 31.6 (16.2 to 46.9) 46.4 (34.4 to 58.5) 35.1 (28.7 to 41.5)

Notes: Estimates of prevalence with 95% confidence intervals (CI) are age standardised to the Sacramento County 2010 population distribution: 
18–44: 0.51, 45–54: 0.19, 55–64: 0.15,≥65: 0.15; HBV=hepatitis B virus; HCV=hepatitis C virus; RF=risk factor; NA=not applicable; high glucose: 
haemoglobin A1c≥5.7% or self-reported diabetes; large waist: ≥32 inches (women),≥35 inches (men); hypertension: self-reported; alcohol: used in 
past 30 days; smoking: current smoker. Risk factor (RF) patterns: viral—chronic hepatitis B or C; lifestyle—current smoker or alcohol user, no viral RF; 
metabolic— 2 – 3 metabolic RF (high glucose, large waist, hypertension), no viral or lifestyle RF; lower risk—0–1 metabolic RF, no viral or lifestyle RF.
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characteristics and risk factor patterns, a second model 
included BMI and a gender–BMI interaction (table  3). 
Observations with missing data were excluded from anal-
yses where applicable. Statistical significance was assessed 
at the 0.05 level (two-sided).

Results
Of the 1004 participants enrolled in TAAS, 965 were 
foreign-born Chinese, Hmong, Korean or Vietnamese, 
with 917 of the 965 having complete risk factor data. 
Table  1 shows the demographic characteristics of our 
sample. On average, Hmong had spent the largest propor-
tion of their life in the USA and had the highest BMIs. 
Koreans were the oldest; Korean and Vietnamese women 
were most likely to report a family history of liver cancer.

Four hierarchical risk factor patterns were identified: 
(1) viral (has chronic HBV or HCV, n=86); (2) lifestyle 
(current smoker or alcohol user, no viral risk factors, 
n=246); (3) metabolic (≥2 metabolic risk factors, no 
lifestyle or viral risk factors, n=283); and (4) lower risk 
(≤1 metabolic risk factor, no lifestyle or viral risk factors, 
n=302). Although the risk factor patterns were mutually 
exclusive, the viral and lifestyle patterns allowed for risk 
factors in more than one domain: people with the viral 
pattern may also have had lifestyle and/or metabolic risk 
factors, and those with the lifestyle pattern may also have 
had metabolic risk factors.

Table  2 shows the prevalence of HCC risk factors by 
gender and ethnicity. Among women, the metabolic 
pattern was most common (25.0%, 95% CI 21.6% to 
28.4%), followed by the lifestyle (14.1%, 95% CI 10.6% to 
17.7%) and viral (8.3%, 95% CI 5.4% to 11.2%) patterns. 
Among men, the lifestyle pattern was most common 
(50.7%, 95% CI 44.1% to 57.4%), followed by the meta-
bolic (16.8%, 95% CI 12.5% to 21.1%) and viral (11.2%, 
95% CI 6.9% to 15.5%) patterns. Lifestyle and metabolic 
with no viral risk factors was the most common multiple 
domain combination for both women (8.9%, 95% CI 6.2% 
to 11.7%) and men (35.1%, 95% CI 28.7% to 41.5%).

The prevalence of risk factor patterns among Chinese 
women and men was similar to that of the overall sample. 
The prevalence of the patterns among Chinese women 
was: metabolic 24.0% (95% CI 15.5% to 32.5%), lifestyle 
14.6% (95% CI 5.9% to 23.3%) and viral 6.3% (95% CI 
0.4% to 12.2%). The prevalence of the patterns among 
Chinese men was: lifestyle 40.8% (95% CI 27.6% to 
54.1%), metabolic 22.4% (95% CI 12.6% to 32.3%) and 
viral 13.5% (95% CI 3.5% to 23.4%). The prevalence of 
both lifestyle and metabolic risk factors with no viral was 
9.4% (95% CI 2.3% to 16.5%) for women and 32.6% 
(95% CI 20.2% to 45.1%) for men.

Hmong women had the highest metabolic pattern prev-
alence (37.8%, 95% CI 29.8% to 45.9%) and the highest 
viral pattern prevalence among women (15.1%, 95% CI 
7.8% to 22.5%), but the lowest lifestyle pattern preva-
lence (5.8%, 95% CI 0.5% to 11.2%). Hmong men had 
risk factor patterns similar in prevalence to those of the 
overall sample: lifestyle 42.8% (95% CI 30.0% to 55.7%), 

metabolic 16.7% (95% CI 8.1% to 25.3%) and viral 
14.4% (95% CI 6.0% to 22.7%), as well as both lifestyle 
and metabolic risk factors with no viral 31.2% (95% CI 
18.8% to 43.5%). Hmong men and women were the most 
likely to have both viral and metabolic risk factors (men: 
14.4%, 95% CI 6.0% to 22.7%; women: 11.9%, 95% CI 
5.6% to 18.3%).

Koreans had the lowest viral risk pattern prevalence 
(men: 0.4%, 95% CI 0.0% to 1.3%; women: 1.9%, 95% CI 
0.4% to 3.3%). However, the prevalence of metabolic 
and lifestyle risk factor patterns was similar to that of the 
overall sample. Among Korean women the prevalence 
of the metabolic pattern was 18.5% (95% CI 13.2% to 
23.7%) and the lifestyle pattern 18.2% (95% CI 10.9% to 
25.5%). Among Korean men, the prevalence of the life-
style pattern was 47.6% (95% CI 30.8% to 64.3%) and the 
metabolic pattern 19.1% (95% CI 8.4% to 29.7%). The 
prevalence of both lifestyle and metabolic risk factors but 
no viral was 9.9% (95% CI 5.0% to 14.7%) for women and 
31.6% (95% CI 16.2% to 46.9%) for men.

Vietnamese men had the highest viral (16.3%, 95% CI 
7.4% to 25.3%) and lifestyle pattern prevalence (70.4%, 
95% CI 59.1% to 81.7%), and were most likely to have life-
style risk factors along with viral (10.7%, 95% CI 2.7% to 
18.8%) or metabolic and no viral (46.4%, 95% CI 34.4% 
to 58.5%) risk factors. However, they had the lowest meta-
bolic pattern prevalence (5.1%, 95% CI 0.3% to 10.0%). 
In contrast, risk factor patterns among Vietnamese women 
were similar in prevalence to those of the overall sample: 
metabolic 18.3% (95% CI 12.3% to 24.4%), lifestyle 
18.3% (95% CI 10.3% to 26.3%) and viral 10.8% (95% 
CI 4.3% to 17.2%), as well as both lifestyle and metabolic 
risk factors with no viral 11.0% (95% CI 5.4% to 16.5%).

Men and women differed significantly with respect to 
the association between demographic characteristics 
and the viral, lifestyle and metabolic risk patterns vs. the 
lower risk pattern (table  3). However, the association 
between BMI and risk factor pattern did not differ by 
gender (p=0.82). The addition of BMI to the model did 
not change the magnitude of associations substantively, 
except as noted below.

The viral risk pattern was more common among older 
women (age  ≥65 vs 18–44: OR=13, 95% CI 3.9 to 41, 
p<0.0001) and less common among men who had lived at 
least half their life in the USA (OR=0.3, 95% CI 0.1 to 0.9, 
p=0.028). The odds of having the viral risk pattern versus 
the lower risk pattern increased with BMI among both 
women (≥25 vs <23: OR=3.1, 95% CI 1.2 to 7.6, p=0.015) 
and men (≥25 vs <23: OR=3.7, 95% CI 1.2 to 11, p=0.021). 
After adjustment for BMI, Hmong women no longer 
had increased odds of having the viral pattern, but Viet-
namese men remained more likely and Korean men less 
likely than Chinese men to have this pattern.

Men were more much likely than women to have the 
lifestyle pattern versus the lower risk pattern (OR=6.9, 
95% CI 4.2 to 11, p<0.0001). Among women, the lifestyle 
pattern was more common among those who were older 
(age ≥65 vs 18–44: OR=5.1, 95% CI 1.9 to 13, p=0.001) or 
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had higher BMI (≥25 vs <23: OR=3.5 (1.8–6.7, p=0.0002). 
Women who had lived half or more of their life in the USA 
were more likely (OR=2.6, 95% CI 1.5 to 4.5, p=0.001), 
whereas such men were less likely (OR=0.5, 95% CI 0.2 
to 1.0, p=0.035), to have the lifestyle pattern. Hmong 
women were less likely and Vietnamese men were more 
likely than their Chinese counterparts to have the lifestyle 
pattern.

Among women the odds of having the metabolic pattern 
versus the lower risk pattern increased greatly with age 
(55–64 vs 18–44: OR=14, 95% CI 6.3 to 33, p<0.0001;≥65 vs 
18–44: OR=44, 95% CI 16 to 120, p<0.0001), whereas 
among men the magnitude of association was consid-
erably smaller (55–64 vs 18–44: OR=4.9, 95% CI 1.5 to 
16, p=0.009;  ≥65 vs 18–44: OR=4.1, 95% CI 1.1 to 15, 
P=0.039). BMI was strongly associated with the metabolic 
pattern in both women (≥25 vs <23: OR=10, 95% CI 5.6 
to 18, p<0.0001) and men (≥25 vs  <23: OR=6.5, 95% CI 
2.5 to 17, p=0.0001). After adjustment for BMI, Hmong 
women no longer had increased odds and Korean women 
had decreased odds of having the metabolic pattern 
compared with Chinese women.

Discussion
The foreign-born can be considered a vulnerable popu-
lation in transition, at increased risk of disease due to 
factors acquired in their country of residence as well as 
their country of origin. A retrospective cohort study of 
Asian American HCC patients also found a high preva-
lence of metabolic risk factors, which increased over time 
from 1988 to 2015.23 In a cohort of North American HBV 
patients, diabetes was more prevalent than in the general 
population and was associated with other metabolic risk 
factors and liver damage.24

The consequences of having multiple risk factors can 
be serious, including synergistic effects of alcohol with 
obesity,7 diabetes9 and viral hepatitis.9 Among patients 
with chronic HBV, metabolic risk factors can accelerate 
the progression of liver disease, producing a synergistic 
effect on liver damage.25 In one study, 40% of HBV-in-
fected patients had fatty liver, which was associated with 
metabolic risk factors, cirrhosis and HCC development.26 
Another study found that diabetes had a synergistic 
effect on HCC risk among patients with chronic HCV 
and among alcohol abusers, and that alcohol abuse in 
HCV patients was associated with younger age at HCC 
diagnosis.27

As expected, HBV was much more common than HCV 
among Chinese, Hmong and Vietnamese participants.28 
Our HBV prevalence estimates for Vietnamese and 
Hmong women and men and Chinese men were consis-
tent with a meta-analysis of HBV prevalence in foreign-
born USA residents, which reported estimates of 12.25%, 
13.61%, 5.26% and 12.48% for those born in China, Laos, 
Korea and Vietnam, respectively.17 However, our esti-
mates for Chinese and Korean women were lower, and we 
found no cases of HBV among Korean men. It is possible 
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that our outreach to the Korean community13 reached a 
segment of the population with lower prevalence of HBV.

The lifestyle pattern was much more common in men 
than in women in all ethnic groups. We also found that 
living ≥50% of life in the USA was associated with increased 
odds of the lifestyle pattern for women, but decreased 
odds for men. Among Asian Americans acculturation 
has opposite gender-specific effects on smoking,29 and 
alcohol consumption depends on both gender and the 
drinking culture of the country of origin.30 31

We found that the odds of having the metabolic pattern 
rose much more steeply with age in women. Before age 
50, metabolic syndrome is more common in men, but 
the reverse is true after age 50. The steeper age-related 
increase in metabolic syndrome in women is due to 
biological pathways involved in menopausal hormonal 
changes, as well as social and cultural factors influencing 
behaviour and response to stress.32 The higher prevalence 
of metabolic risk factors among Hmong women, with and 
without concurrent viral risk factors, was explained by 
their higher BMI.

The primary limitation of this study is that it is based 
on a convenience sample and may be subject to selection 
bias, with the potential for higher prevalence of HBV 
than in the overall Asian American population; however, 
a comparison with national data17 does not indicate that 
this is the case. Compared with foreign-born Sacramento 
County residents of the same ethnicity33 Chinese and 
Vietnamese participants tended to have immigrated more 
recently, which may have affected prevalence estimates 
of risk factors associated with length of residence. The 
gender-ethnicity sample sizes were rather small, especially 
for men, and the age distribution of our participants was 
quite different from that of the reference population so 
our standardised prevalence estimates had wide confi-
dence intervals. In addition, the number of participants 
with the viral pattern was small relative to the number of 
parameters in model 2, which may have led to overfitting; 
nevertheless, the viral pattern odds ratios estimated by 
the two models were quite similar. We did not capture 
all known HCC risk factors, particularly serum lipids, and 
so were not able to assess metabolic syndrome. Because 
we did not measure the amount of alcohol consumed, 
participants could have the lifestyle pattern based solely 
on light drinking. However, it should be noted that there 
is some risk associated with the consumption of moderate 
amounts of alcohol, with a daily drink increasing the 
risk of liver cancer approximately 10%.11 Nevertheless, 
the high prevalence of the lifestyle pattern among Viet-
namese men should be interpreted cautiously. Finally, we 
did not measure alanine aminotransferase levels, and so 
could not assess the association between risk factors and 
liver damage.

To the best of our knowledge, TAAS is the first commu-
nity-based study to include the concurrent collection of 
primary data on the prevalence of viral, metabolic, and 
lifestyle risk factors for HCC among foreign-born Chinese, 
Hmong, Korean and Vietnamese in a single county. Our 

findings showed that among foreign-born Asian Ameri-
cans served by community organisations the occurrence 
of multiple HCC risk factors was not uncommon. Of the 
four risk factor patterns that we identified, two included 
the co-occurrence of risk factors in multiple domains. 
Those with the viral pattern, who had chronic hepatitis, 
were also likely to be at risk in the metabolic or, among 
men, lifestyle domains. Those with the lifestyle pattern, 
who were at risk due to alcohol use (or among men, 
smoking), were likely to have metabolic risk factors as well. 
Mitigating the progression to HCC through preventing 
chronic HBV infections for those who are not immune 
through vaccination and referral to care for infected 
individuals is the first step.34 35 Focused community-based 
interventions to address management of HBV and HCV,36 
metabolic risk factors,37 alcohol,38 and tobacco39 have also 
had success; however, these approaches are not compre-
hensive. Community screening events, such as those 
attended by our participants, need to assess multiple 
risk factors, with referral to coordinated follow-up care 
as needed. The hierarchical risk factor patterns that we 
identified could be helpful in developing a checklist for 
case management. Culturally tailored interventions util-
ising collaborations between communities and healthcare 
providers are necessary to address multiple modifiable 
risk factors for HCC among populations-at-risk.
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