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abstract
AIM

To compare the prevalence of chronic liver disease (CLD) risk factors in a representative sample of Mexican-Americans born in the United States (US) or Mexico, to a sample of adults in Mexico.

METHODS

Data for Mexican-Americans in the US was obtained from the 1999-2014 National Health and Nutrition Examination Survey (NHANES), which includes persons of Mexican origin living in the US (n = 4274). The NHANES sample was restricted to Mexican-American participants who were 20 years and older, born in the US or Mexico, not pregnant or breastfeeding, with medical insurance. The data in Mexico was obtained from the 2004-2013 Health Worker Cohort Study in Cuernavaca, Mexico (n = 9485). The following known risk factors for liver disease/cancer were evaluated: elevated aminotransferase levels (elevated alanine aminotransferase was defined as > 40 IU/L for men and women; elevated aspartate aminotransferase was defined as > 40 IU/L for men and women), infection with hepatitis B or hepatitis C, metabolic syndrome, high total cholesterol, diabetes, obesity, abdominal obesity, and heavy alcohol use. The main independent variables for this study classified individuals by country of residence (i.e., Mexico vs the US) and place of birth (i.e., US-born vs Mexico- born). Regression analyses were used to investigate CLD risk factors.

RESULTS 
After adjusting for socio-demographic characteristics, Mexican-American males were more likely to be obese, diabetic, have abdominal obesity, or be heavy/binge drinkers, than males in Mexico. The adjusted multivariate results for females also indicate that Mexican-American females were significantly more likely to be obese, diabetic, have abdominal obesity, or be heavy/binge drinkers, than Mexican females. The prevalence ratios and prevalence differences mirror the multivariate analyses findings for the aforementioned risk factors, showing a greater risk among US-born as compared to Mexico-born Mexican-Americans. 
CONCLUSION 

In this study, Mexican-Americans in the US had more risk factors for CLD than their counterparts in Mexico. These findings can be used to design and implement more effective health promotion policies and programs to address the specific factors that put Mexicans at higher risk of developing CLD in both countries. 
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Core tip: United States (US) Latinos have greater morbidity and mortality from liver disease, than non-Hispanic whites, and liver disease is the fifth leading cause of death in Mexico. Known risk factors for chronic liver disease include hepatitis B or hepatitis C infection, heavy/binge drinking, obesity, diabetes, and metabolic syndrome. We found that Mexican-Americans in the US have a greater risk of obesity, diabetes and heavy/binge drinking than their counterparts in Mexico. The prevalence of heavy/binge drinking was alarmingly high among Mexican-Americans, over 70% among males and over 50% among US-born females. Our results identify a high prevalence of specific risk factors that should be targeted to reduce the high rates of liver disease-related mortality in this population. 
Flores YN, Zhang ZF, Bastani R, Leng M, Crespi CM, Ramírez-Palacios P, Stevens H, Salmerón J. Risk factors for liver disease among adults of Mexican descent in the United States and Mexico. World J Gastroenterol 2018; In press
INTRODUCTION
Over 30 million people, or one in 10, are likely to have some form of chronic liver disease (CLD) in the United States (US). This number includes the approximately 850,000 to 2.2 million cases of chronic hepatitis B (HBV), 3.5 million cases of chronic hepatitis C (HCV)[1], the estimated 30% of Americans who have non-alcoholic fatty liver disease (NAFLD), and the 10% with advanced fibrosis[2,3]. Also included are the nearly 20,000 individuals who die from alcoholic liver disease in the US each year[4]. In 2017, there were an estimated 40000 incident cases of liver cancer and 30000 deaths from liver cancer[5]. New cases of liver cancer have more than tripled since 1980 and liver cancer mortality has increased by nearly 3% each year since 2000[5]. CLD is the 12th leading cause of general mortality in the US[4], the fifth among individuals between 45-54 years, and the sixth among 25-44 year olds and those aged 55-64 years[6].

Latinos in the US have disproportionately higher rates of CLD. Since 2002, CLD has consistently been the sixth leading cause of mortality for Latinos[7], and the third cause of death among Latino males, ages 55-64[8]. They are twice as likely to have CLD and 1.7 times more likely to die from liver cancer, than non-Hispanic whites (whites)[9]. The prevalence of earlier stage liver disease, such as steatohepatitis, is also higher among Latinos (45%), than whites (33%), or blacks (24%)[10]. In Mexico, cirrhosis and other forms of CLD were the fourth leading cause of general mortality in 2016, and the third among males aged 35-65 years[11]. An estimated 3 million individuals are infected with HBV and 400000 to 1400000 people are infected with HCV[12]. In 2016, there were 38755 deaths due to CLD in Mexico and 14029 (36%) were attributed to alcoholic liver disease[11]. By 2050, an estimated 90% of cases of CLD in Mexico will be attributable to obesity and excessive alcohol consumption, as compared to other populations with high rates of CLD due to infection with HBV or HCV[13].
Although infection with HBV or HCV and heavy alcohol use are well known risk factors for CLD and liver cancer, a significant proportion of cases (15% to 50%) do not present these risk factors[14]. Other risk factors for CLD include obesity and diabetes, and the proposed mechanism is through the development of NAFLD and non-alcoholic steatohepatitis (NASH)[15-18]. NAFLD is found in up to 80%-90% of obese adults, in 30%-50% of patients with diabetes, and in up to 90% of patients with hyperlipidemia[19]. In the US, the prevalence of NAFLD and NASH is highest among Latinos, followed by whites and blacks[10,15,20]. Rates of obesity, diabetes, and hyperlipidemia are also higher among Latinos than whites in the US[21-23]. In Mexico, over 70% of the population is overweight or obese and this figure is predicted to rise to 90% by 2050[24]. Additionally, the prevalence of metabolic syndrome is estimated to be 40%[25], and in 2015, diabetes was the second cause of general mortality in Mexico, which has one of the highest incidence rates of diabetes in the world[11,26]. 
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels are common clinical measures used to assess liver health. Elevated aminotransferase levels can indicate sudden or acute liver injury, or they can be persistently elevated suggesting ongoing liver disease. The leading cause of mild aminotransferase levels is NAFLD, but other common causes include excessive alcohol consumption, medication-associated liver injury, infection with HVB or HCV, and hemochromatosis[27]. While not all persons with elevated aminotransferase levels have liver damage or disease, these measures can be used to detect asymptomatic disease[27]. Several US studies report a higher prevalence of elevated ALT among Mexican-Americans (17.4%) than among whites (8.2%)[28-30].
The aim of this study was to compare the prevalence of known risk factors for CLD in a representative sample of Mexican-Americans who were born in the US or Mexico, to a sample of adults in Mexico. We examined data from the 1999-2014 National Health and Nutrition Examination Survey (NHANES), which includes persons of Mexican origin living in the US, and data from the 2006-2013 Health Worker Cohort Study (HWCS) in Cuernavaca, Mexico. We hypothesized that Mexican Americans in the US would have a higher prevalence of CLD risk factors than their counterparts in Mexico. This hypothesis is based on studies suggesting that immigrant Mexican-Americans have better health outcomes than more acculturated, US-born Mexican-Americans[31-33]. We tested this hypothesis by analyzing the independent association between country of residence (i.e., Mexico vs the US) and place of birth, sex, and the following risk factors for CLD: Elevated ALT or AST levels, infection with HBV or HCV, metabolic syndrome, high cholesterol, diabetes, obesity, abdominal obesity, and heavy or binge drinking, controlling for potential confounders.
MATERIALS AND METHODS
Ethical considerations

Ethical approval for the HWCS and this bi-national study was granted from the Internal Review Boards of the Mexican Social Security Institute (IMSS) and the University of California, Los Angeles (UCLA). Informed consent was obtained from all the HWCS subjects prior to their participation in any study activities.
Data sources

This observational study used existing data from Mexican Americans who participated in the National Health and Nutrition Examination Survey (NHANES), a cross-sectional, representative, examination survey of the total civilian non-institutionalized population residing in the continental US and Hawaii. This continuous survey is conducted by the National Center for Health Statistics to assess and track the health and nutritional status of Americans over time. The survey collects health data through standardized questionnaires and by physical examinations and a series of laboratory tests. The design for NHANES over-samples Mexican-Americans to allow for analyses of this subgroup. The 1999-2014 NHANES data includes a total of 3929 male and 4182 female Mexican-Americans, for a total sample size of 8111[34].
The data in Mexico came from the HWCS, a longitudinal study of workers and their immediate family members from two large health care institutions in Cuernavaca, Mexico: The IMSS and the National Institute of Public Health. Briefly, the HWCS collects information using physical examinations, self-reported questionnaires, and laboratory tests in order to prospectively evaluate risk factors and the incidence of chronic diseases, including heart disease, diabetes, and CLD. From 2004 to 2006 (Wave 1), approximately 9000 health workers enrolled in the HWCS. During 2011 to 2013 (Wave 2), a total of 1855 participants were followed-up. Details about the design and methods of the HWCS are described elsewhere[35]. The clinical and anthropometric procedures that were used for the HWCS are comparable to those used for the NHANES surveys[36]. 
Study samples in the United States and Mexico
The 1999-2014 NHANES sample was restricted to Mexican-American participants who were 20 years and older, born in the US or Mexico, and had medical insurance. Females who were pregnant at the time of data collection were excluded. The final NHANES sample is consisted of 2097 males and 2177 females 20 years and older with complete questionnaire data. Of these individuals, 4075 also underwent physical examinations including laboratory studies, and of the individuals with laboratory studies, 1775 had fasting samples. 
The HWCS sample was limited to participants 20 years and older who reside and were born in Mexico, and had medical insurance. Of the 10035 participants in the HWCS sample with questionnaire and laboratory data, 193 females were excluded because they were pregnant or breastfeeding at the time of the survey. An additional 48 individuals were excluded because they were not born in Mexico, and 309 were excluded because they did not report a place of birth. The final HWCS sample consisted of 3010 males and 6475 females 20 years and older who reside and were born in Mexico, with complete questionnaire and laboratory data. The total study sample of 13798 individuals consisted of 9485 Mexican subjects who currently reside in Mexico, 2324 US-born Mexican-Americans who live in the US, and 1989 Mexican-Americans who were born in Mexico and now live in the US
Definition of chronic liver disease risk factors
Elevated aminotransferase levels: Elevated ALT was defined as > 40 IU/L for males and females; elevated AST was defined as > 40 IU/L for males and females[29,30].
Hepatitis B or hepatitis C infection: HBV infection was identified by having a positive hepatitis B core antibody serology and a positive hepatitis B surface antigen serology. We identified an HCV infection by a positive antibody titer[36]. Individuals infected with HBV and HCV were combined into one category due to their small sample sizes. 
Metabolic syndrome: We used the definition of metabolic syndrome from the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel III (NCEP/ATPIII) criterial[37].
High Total Cholesterol: Following NCEP/ATPIII recommendations, high total cholesterol was defined as > 200 mg/dL for males and females[37].
Diabetes: Type 2 diabetes in males and females was defined as having one of the following: a plasma glucose level > 125 mg/dL after more than 8 h of fasting, a medical history of diabetes (other than during pregnancy), currently taking medication for diabetes, or a random glucose test > 200 mg/dL[38].
Obesity: Subjects were categorized according to body mass index (BMI) following the recommendations of the National Heart, Lung and Blood Institute: normal (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), and obese (BMI ≥ 30.0 kg/m2)[39].
Abdominal obesity: Abdominal obesity was defined as a waist circumference > 102 cm for males and a waist circumference > 88 cm for females[40].
Alcohol consumption: Heavy drinking was defined as 2-4 drinks per day for females and 3-4 drinks per day for males and binge drinking was defined as having five or more drinks at one time for both males and females[41].
Definition of independent variables 
The main independent variables for this study classified individuals by country of residence (i.e., Mexico vs the US) and place of birth (i.e., US-born vs Mexico-born). The HWCS participants represent Mexicans who were born and currently live in Mexico. Individuals from the NHANES sample were further classified by birthplace (US-born vs Mexico-born). The following three groups were compared: (1) HWCS (Mexico resident, Mexico-born), (2) NHANES (US resident, Mexico-born), and (3) NHANES (US resident, US-born). Other independent variables included age, sex, marital status, and education level. Approximately 18% of the subjects in HWCS sample had missing education data, which was imputed using a three-step procedure. There was no missing data for the other independent variables.

Statistical analysis

Descriptive analyses were performed to characterize the study population and examine the study variables. Chi-square tests were used to compare the socio-demographic characteristics of the study sample by country of birth/residence, stratified by sex. Age-adjusted means and prevalence rates were calculated for each CLD risk factor stratified by sex and country of birth/residence. Separate multiple logistic regression models were estimated for males and females, to evaluate the independent associations of each liver disease risk factor to country of birth/residence. Adjusted odds ratios with 95% confidence intervals (95%CI) are reported. Marginal standardization was used to calculate the predicted probability, as well as the prevalence ratios and prevalence differences with their corresponding 95%CIs, to compare the prevalence of CLD risk factors in the three groups. For all analyses, a two-sided P-value < 0.05 was considered statistically significant. The data analyses were conducted using SAS software, version 9.4 for Windows, and STATA 14.
RESULTS

Sample characteristics 

The socio-demographic characteristics of the bi-national study sample are presented in Table 1. One third of the HWCS participants in Mexico are male, as compared to the US NHANES sample, which is 49% male. There are no differences between the US and Mexico samples in terms of age or marital status. Approximately half the total sample is between 20 to 44 years, nearly 30% is 45 to 59 years, and roughly 20% is 60 years or older. Most of the study subjects are married/living together (65%), almost 20% are never married/single, and the rest are divorced/separated/widowed. There are no differences in the levels of education observed between the HWCS participants in Mexico and the Mexican-Americans who were born in the US. Approximately half of the participants in both groups have an education beyond high school and less than a third did not finish high school. The only significant difference observed between the two samples is that over 60% of the Mexico-born, NHANES participants did not graduate from high school, compared to 29% of the participants in Mexico. 

Chronic liver disease risk factors 
Table 2 reports the age-adjusted means and prevalence of CLD risk factors for males and females by country of birth/residence. Elevated ALT levels are more common among males (22%-27%) than females (8%-10%), with a mean ALT ranging from 35-36 IU/L among males and 23-25 IU/L among females. There are no differences in mean AST levels among males (range 28-30 IU/L), but a significantly higher mean AST is observed among the Mexico-born (23.6 IU/L) and US-born (25.9 IU/L) females, as compared to the mean AST of 22.2 IU/L found among females in Mexico. The prevalence of diabetes, obesity, abdominal obesity, and heavy/binge drinking is higher among the NHANES participants, than among the HWCS subjects. Conversely, more HWCS participants have low levels of HDL cholesterol, elevated triglycerides, and are current smokers, than their NHANES counterparts. 
Mexican-American males born in Mexico have a lower rate of HBV or HCV infection (0.4%) than US-born Mexican-Americans (3.0%) or the HWCS participants (2.6%). A greater proportion of Mexico-born Mexican-American males have high cholesterol (49%), than males in Mexico (40%) and US-born Mexican-Americans (39%). Males in Mexico are more likely to have elevated triglycerides (57.5%) than Mexico-born (35.4%) and US-born Mexican-Americans (41%). The prevalence of diabetes is significantly lower among males in Mexico (6%), compared with 11% and 16% among the Mexico- and US-born NHANES participants, respectively. The proportion of obese males in Mexico is 17%, as compared to 30% and 45% among Mexico- and US-born males in the US, respectively. Males in Mexico have a lower prevalence of abdominal obesity (16%) than Mexico- and US-born Mexican-American males (36% and 49%, respectively), with a mean waist circumferences of 91.4 cm, 98.7 cm and 103.1 cm, respectively. Heavy or binge drinking is more common among the Mexico- and US-born Mexican-American males (75% and 71%, respectively), than their counterparts in Mexico (38%). 
Rates of HBV or HCV infection are lower among Mexico-born and US-born Mexican-American females, 0.3% and 0.8%, respectively, as compared to females in Mexico (1.7%). A lower percentage of females in Mexico have high cholesterol (36%) compared to the Mexico-born (40.5%) and US-born (40.2%) Mexican-American females. US-born females in the US are less likely to have elevated triglycerides (23.8%) than Mexico-born (31.9%) and females in Mexico (34.5%). The prevalence of diabetes among the females in the Mexico sample is 7%, compared to 14% and 11% among Mexico- and US-born Mexican-American females, respectively. Obesity rates are also lower among females in Mexico than among the Mexican-American females, 19% vs 39% and 47%, respectively. Abdominal obesity among Females in Mexico is 48%, as compared to a prevalence of 68% among their Mexican-American counterparts. Rates of heavy or binge drinking are substantially higher among Mexican-American females born in Mexico or the US (34% and 54%, respectively), as compared to females in Mexico (10%) (Table 2).
Multivariate analyses and other effect measures
After controlling for age, marital status, and education level, the logistic regression results indicate that Mexico-born Mexican-American males are less likely to have HBV or HCV (OR: 0.2, 95%CI: 0.1-0.6), but are more likely to have high cholesterol (OR: 1.4, 95%CI: 1.1-1.8), than their counterparts in Mexico. US-born Mexican-American males are more likely to have metabolic syndrome (OR: 1.4, 95%CI: 1.1-1.9) and diabetes (OR: 3.0, 95%CI: 1.9-4.8), than males in Mexico. Regardless of where they were born, Mexican-American males are more likely to be obese, diabetic, have abdominal obesity, or be heavy/binge drinkers, than Mexican males. The prevalence ratios and predicted probabilities confirm the results of our multivariate analyses and may provide more precise estimates of the increased risk of diabetes, obesity, abdominal obesity, and heavy/binge drinking observed among Mexican-American males, as compared to males in Mexico. The probability of having any of the aforementioned risk factors is significantly greater among US-born Mexican-Americans than among their Mexico-born counterparts (Table 3).
The adjusted multivariate results presented on Table 4, also indicate that Mexico-born Mexican-American females are significantly more likely to be diabetic (OR: 2.2, 95%CI: 1.4-3.4), obese (OR: 2.5, 95%CI: 1.8-3.5), have abdominal obesity (OR: 2.1, 95%CI: 1.2-3.6), or be heavy/binge drinkers (OR: 5.6, 95%CI: 4.2-7.3), than females in Mexico. The same is true of US-born Mexican-American females, who are also more likely to be diabetic (OR: 1.7, 95%CI: 1.2-2.6), obese (OR: 3.5, 95%CI: 2.5-4.9), have abdominal obesity (OR: 2.3, 95%CI: 1.4-3.8), or be heavy/binge drinkers (OR: 12.8, 95%CI: 10.0-16.3), than their counterparts in Mexico. The prevalence ratios and predicted probabilities mirror the multivariate analyses findings for the aforementioned risk factors, showing a greater risk among US-born as compared to Mexico-born Mexican-American females. However, the prevalence ratios indicate that Mexican-American females are significantly less likely to be infected with HBV or HCV than females in Mexico (Table 4).
Supplemental Tables 1 and 2 report the odds ratios and 95% confidence intervals for CLD risk factors among males and females, respectively, by country of birth/residence, age, marital status and education.

DISCUSSION

This epidemiological study is the first to compare the risk factors for CLD in a cohort of Mexican health workers with nationally representative samples of US- and Mexico-born Mexican-Americans living in the US. The findings of our bi-national study indicate that the HWCS participants in Mexico have fewer CLD risk factors than their counterparts in the US. Specifically, we found that Mexican-American males who were born in the US are more likely to be infected with HBV or HCV, have metabolic syndrome, diabetes, obesity, or abdominal obesity, or be heavy/binge drinkers, than immigrant Mexican-American males or their counterparts in Mexico. Similar trends are observed among females, with US-born Mexican-American females having a greater probability of having elevated AST, obesity, abdominal obesity and heavy/binge drinking. Mexican-American females who were born in Mexico are more likely to have elevated total cholesterol or diabetes, than those born in the US or the HWCS participants in Mexico. 
Our results are consistent with other studies that report high rates of obesity, diabetes, and excessive alcohol consumption among Mexicans in both countries[29,33,42-44]. The high prevalence of obesity (30-47%), diabetes (11-16%), as well as heavy/binge drinking (34-75%) we found among Mexican-Americans in this binational study are of particular concern, and likely contributing to the liver disease disparities observed among Latinos in the US Additionally, having a combination of certain factors, such as obesity and excessive drinking, or diabetes and HCV, has been shown to increase risk of elevated aminotransferase levels and liver cancer[45,46]. More studies are needed to evaluate how the accumulation of specific risk factors may be contributing to the increased risk of CLD among Mexican-Americans. 
Latinos are the largest ethnic or racial minority in the US. In 2016, an estimated 57.5 million Americans identified as Hispanic or Latino, representing 17.8% of the US population[47]. By 2060, the number of Latinos is projected to increase to 119 million and make up 29% of the US population. Mexican-Americans are the largest group of Latinos in the US (63%)[47]. Identifying ways to prevent CLD in this rapidly growing population is very important. As the Mexican-American population continues to grow, the challenges to address the high rates of CLD in this group will also increase. A keener awareness and deeper understanding of CLD risk factors is needed to help policy makers anticipate how changes in immigration policy, coupled with health trends in Mexico, are likely to affect the health and health care needs of the growing number of Mexican-Americans in the US We hope our findings can be used to develop health policy strategies and programs to prevent CLD, by addressing the specific risk factors that affect Mexicans in both countries.
This study has some limitations. First, unlike NHANES, the HWCS is not a population-based study that is representative of the Mexican population. The HWCS participants are health workers, who are younger, more educated, and predominantly female. However, to the best of our knowledge, the HWCS is the only longitudinal study in Mexico that includes ALT and AST measures as well as HBV and HCV results for a large number of Mexican adults, which is why we used the HWCS data for this binational study. In order to address this limitation, we compared some of the HWCS results to the findings of the 2012 Encuesta Nacional de Salud y Nutrición (ENSANUT)[48], a larger, population-based study that is representative of the Mexican population and can be considered a simplified version of NHANES. The prevalence of diabetes reported in the 2012 ENSANUT was 9.2%[48], while the prevalence of diabetes among the HWCS was 6.7%. Obesity was also higher among the male (26.8%) and female (37.5%) ENSANUT participants[48], as compared to the HWCS participants. The prevalence of heavy/binge drinking (42%) was also more common among the ENSANUT participants[48]. Nonetheless, even when compared to the ENSANUT results, the prevalence of these risk factors remains greater among the Mexican-Americans from the NHANES sample. Due to the limited generalizability of our study’s results, they should be viewed as exploratory and preliminary.

Another limitation was our ability to control for confounding variables in the comparisons between Mexico and US. To address this issue, all analyses were stratified by sex and controlled for age, marital status, and educational level in the regression analyses. We also limited the US sample to individuals with health insurance since all the HWCS participants have health insurance. Our ability to control for potential confounding was restricted by the available data and it is possible that other unobserved differences between the two samples may be confounding our results.
In conclusion, the results of this bi-national study indicate that Mexican-Americans in the US have more risk factors for CLD than their counterparts in Mexico, and point to a critical need for prevention programs. Of particular concern are the high rates of heavy/binge drinking observed among the Mexican-Americans. We hope these findings can be used by health professionals in Mexico and the US to tailor screening and prevention strategies to help reduce the risk of CLD among their patients. Our results could also be used to design and implement more effective health promotion programs to address the specific factors that put Mexicans at higher risk of developing CLD in both countries. Our results add to the relatively scarce literature on bi-national research, and provide preliminary data for future studies of migrant health in the US and Mexico. Other bi-national primary data collection projects with representative samples and comparable demographic, socioeconomic and health status measures are needed to further investigate the growing problem of CDL among Mexicans in both countries. results of this bi-national analysis indicate that Mexican-Americans in the US have more risk factors for CLD than their counterparts in Mexico. These results can be used to design and implement more effective health promotion programs and policies to address the specific factors that put Mexicans at higher risk of developing CLD in both countries. Our findings adds to the relatively scarce literature on bi-national research, and provides preliminary data for future studies of migrant health in the US and Mexico. Other bi-national primary data collection projects with representative samples and comparable demographic, socioeconomic and health status measures are needed to further investigate the growing problem of CDL among Mexicans in both countries. 
ARTICLE HIGHLIGHTS 
Research background

United States (US) Latinos have greater morbidity and mortality from liver disease than non-Hispanic whites. Liver disease is the fifth leading cause of death in Mexico. In US, Mexican-Americans have a greater risk of obesity, diabetes and heavy/binge drinking than in Mexico.
Research motivation

Over 30 million people are likely to have some form of chronic liver disease (CLD) in US. CLD is the 12th leading cause of general mortality in US.
Research objectives 

To compare the prevalence of CLD risk factors in a representative sample of Mexican-Americans born in US or Mexico, to a sample of adults in Mexico.

Research methods

The main independent variables for this study classified individuals by country of residence and place of birth. Regression analyses were used to investigate CLD risk factors.

Research results

There is a greater risk among US-born as compared to Mexico-born Mexican-Americans.
Research conclusions

Mexican-Americans in US had more risk factors for CLD.
Research perspectives

Our findings adds to the relatively scarce literature on bi-national research, provides preliminary data for future studies of migrant health in the US and Mexico. Other bi-national primary data collection projects with representative samples and comparable demographic, socioeconomic and health status measures are needed to further investigate the growing problem of CDL among Mexicans in both countries.
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Table 1 Socio-demographic characteristics of the study sample n (%)
	
	Male
	P-value1
	Female
	P-value1

	
	Mexico cohort (REF)
	NHANES

Mexico born
	NHANES

US born
	Mexico
born
	US
born
	Mexico cohort (REF)
	NHANES

Mexico born
	NHANES

US born
	Mexico born
	US Born

	Total Sample Sizes
	3010 (58.9)
	1021 (20.0)
	1076 (21.1)
	0.925
	0.897
	6475 (68.3)
	944 (10.9)
	1233 (14.3)
	0.923
	0.845

	Age (yr)
	
	
	
	
	
	
	
	
	
	

	20-44
	1680 (55.8)
	380 (58.6)
	377 (59.8)
	
	
	3357 (51.8)
	356 (55.5)
	460 (56.9)
	
	

	45-59
	951 (31.6)
	239 (25.6)
	222 (22.7)
	
	
	2031 (31.4)
	196 (24.3)
	256 (23.4)
	
	

	60+
	379 (12.6)
	402 (15.9)
	477 (17.5)
	
	
	1087 (16.8)
	392 (20.2)
	517 (19.8)
	
	

	Marital Status
	
	
	
	0.074
	0.804
	
	
	
	0.088
	0.423

	Never Married/Single
	458 (15.2)
	73 (9.8)
	162 (22.4)
	
	
	1489 (23.0)
	81 (10.0)
	169 (19.5)
	
	

	Married/Living Together
	2390 (79.4)
	843 (83.)
	746 (65.2)
	
	
	3701 (57.2)
	580 (67.8)
	697 (57.3)
	
	

	Divorced/Separated/Widowed
	162 (5.4)
	105 (6.6)
	167 (12.4)
	
	
	1285 (19.8)
	283 (22.2)
	367 (23.2)
	
	

	Education 
	
	
	
	
	
	
	
	
	
	

	Less than High School
	706 (23.5)
	724 (61.7)
	381 (24.8)
	0.000
	0.463
	2073 (32.0)
	660 (61.3)
	436 (24.8)
	0.002
	0.705

	High School Graduate
	574 (19.1)
	136 (17.6)
	246 (26.2)
	
	
	1121 (17.3)
	108 (14.6)
	279 (23.6)
	
	

	More than High School
	1730 (57.5)
	160 (20.7)
	447 (48.9)
	
	
	3281 (50.7)
	173 (24.1)
	513 (51.5)
	
	


1The Chi square test was used to determine differences between groups.
Table 2 Age-adjusted means and prevalence of chronic liver disease risk factors
	
	Male
	Female

	
	Mexico cohort (REF)
	NHANES VII

Mexico born
	NHANES VII

US born
	Mexico cohort (REF)
	NHANES VII

Mexico born
	NHANES VII

US born

	Elevated ALT ( > 40 IU/L)1, %
	26.7
	22.1
	25.2
	8.7
	8.3
	10.2

	ALT (IU/L), mean
	35.9
	35.0
	36.0
	23.0
	23.7
	25.3a

	Elevated AST ( > 40 IU/L)2, %
	11.2
	8.4
	12.2
	5.2
	4.6
	5.2

	AST (IU/L), mean
	27.9
	30.1
	29.5
	22.2
	23.6a
	25.9b

	Hepatitis B or C %
	2.6
	0.4b
	3.0
	1.7
	0.3b
	0.8a

	Metabolic syndrome3, %
	27.5
	23.5
	33.4
	30.8
	28.6
	27.6

	Elevated total cholesterol (mg/dL)4, %
	39.8
	48.8b
	39.1
	36.0
	40.5a
	40.2a

	Total cholesterol (mg/dL), mean
	193.6
	199.1a
	192.7
	189.6
	193.1a
	193.6a

	Low HDL cholesterol (HDL < 40)5, %
	62.9
	35.4b
	27.7b
	50.1
	14.1b
	12.0b

	HDL cholesterol (mg/dL), mean
	37.6
	45.1b
	46.7b
	40.7
	52.7b
	55.1b

	LDL cholesterol (mg/dL), mean
	116.5
	124.1b
	117.2
	115.2
	110.9
	11.5a

	Elevated triglycerides6 (mg/dL), %
	57.5
	35.4b
	41.0b
	34.5
	31.9
	23.8b

	Triglycerides (mg/dL), mean
	202.4
	150.0b
	173.9a
	143.5
	132.0a
	123.8b

	Diabetic7, %
	6.3
	11.0a
	16.1b
	6.9
	14.4b
	11.0a

	Overweight (BMI ≥ 25)8, % 
	48.1
	46.3
	37.3b
	37.2
	31.1a
	26.7b

	Obesity (BMI ≥ 30)9, %
	17.1
	30.0b
	45.0b
	19.2
	39.2b
	46.6b

	BMI (kg/m2), mean
	26.7
	28.3b
	30.1b
	26.4
	29.0b
	30.2b

	Abdominal obesity10, %
	15.8
	36.0b
	49.0b
	48.3
	68.3b
	67.9b

	Waist circumference (cm), mean
	91.4
	98.7a
	103.1b
	88.5
	94.7b
	97.2b

	Heavy or binge drinker11, %
	38.0
	75.1b
	71.3b
	9.6
	33.8b
	54.0b

	Current smoker12, %
	36.9
	21.6b
	21.9b
	20.8
	8.2b
	14.2b


1Elevated alanine aminotransferase (ALT) was defined as ALT > 40 IU/L for males and females; 2Elevated alanine aminotransferase (AST) was defined as AST > 40 IU/L for males and females; 3Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel III criteria; 4Elevated total cholesterol was defined as ≥ 200 mg/dL; 5Low High Density Lipoprotein-Cholesterol (HDL-C) was defined as < 40 mg/dL; 6Elevated triglycerides was defined as ≥ 150 mg/dL; 7Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, and/or a medical history of diabetes, and/or currently taking medication for diabetes, and/or a random glucose test >200 mg/dL; 8Overweight was defined as having a body mass index (BMI) of ≥ 25.0 kg/m2; 9Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 10Abdominal obesity was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 11Heavy drinking was defined as 2-4 drinks per day for females and 3-4 drinks per day for males and binge drinking was defined as having five or more drinks at one time for both males and females; 12Current cigarette smoking was defined as having smoked at least 100 cigarettes and being a current smoker. aP-value ≤ 0.05; bP value ≤ 0.001.
Table 3 Effect measures comparing prevalence of risk factors among males by country of residence/birth
	
	Elevated ALT or AST1
	Hepatitis

B or C
	Metabolic

syndrome2
	High

cholesterol
	Diabetes3
	Obesity4
	Abdominal obesity5
	Heavy/binge drinker6

	Odds ratios
	
	
	
	
	
	
	
	

	HWCS (Mexico)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	NHANES-Mexico Born
	0.8 (0.5-1.2)
	0.2 (0.1-0.6)a
	0.8 (0.6-1.1)
	1.4 (1.1-1.8)a
	1.7 (1.0‑2.8)
	2.1 (1.7-2.6)a
	3.3 (1.8-6.2)a
	3.9 (3.2-4.7)a

	NHANES-US Born
	0.9 (0.6-1.4)
	1.3 (0.7-2.4)
	1.4 (1.1‑1.9)a
	0.9 (0.7-1.2)
	3.0 (1.9-4.8)a
	3.9 (3.1-4.9)a
	5.4 (2.9-10.1)a
	4.1 (3.4-5.1)a

	Predicted probabilities
	
	
	
	
	
	
	
	

	HWCS (Mexico)
	25.0
	2.4
	30.2
	40.9
	8.5
	17.4
	16.8
	36.4

	NHANES-Mexico Born
	20.8
	0.5
	25.8
	49.3
	13.0
	30.6
	39.3
	67.1

	NHANES-US Born
	24.0
	3.2
	38.0
	39.6
	20.4
	44.7
	51.1
	68.5

	Prevalence ratios (95%CI)
	
	
	
	
	
	
	
	

	NHANES-Mexico Born vs HWCS
	0.8 (0.6, 1.1)
	0.2 (0.0, 0.4)a
	0.9 (0.7, 1.1)
	1.2 (1.0, 1.4)a
	1.5 (0.9, 2.2)a
	1.8 (1.5, 2.0)a
	2.3 (1.2, 3.5)a
	1.8 (1.7, 2.0)a

	NHANES-US Born vs HWCS
	1.0 (0.7, 1.3)
	1.3 (0.6, 2.0)
	1.3 (1.0, 1.5)a
	1.0 (0.8, 1.1)
	2.4 (1.5, 3.3)a
	2.6 (2.2, 2.9)a
	3.0 (1.6, 4.5)a
	1.9 (1.7, 2.0)a

	Prevalence differences (95%CI)
	
	
	
	
	
	
	
	

	NHANES-Mexico Born vs HWCS
	-4.2 (-11.5, 3.1)
	-1.9 (-3.0, -0.9)a
	-4.3 (-10.4, 1.7)
	8.5 2.4, 14.5)a
	4.5 (0.0, 8.9)a
	13.2 (9.0, 17.4)a
	22.6 (13.2, 32.0)a
	30.7 (26.4, 35.0)a

	NHANES-US Born vs HWCS
	-1.0 (-8.5, 6.5)
	0.7 (-0.8, 2.3)
	7.8 (1.4, 14.2)a
	-1.3 (-6.9, 4.3)
	11.8 (7.2, 16.5)a
	27.3 (22.1, 32.4)a
	34.4 (25.3, 43.5)a
	32.1 (28.2, 36.0)a


Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40 IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel III criteria; 3Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as 2-4 drinks per day for females and 3-4 drinks per day for males and binge drinking was defined as having five or more drinks at one time for both males and females. aP< 0.05 for test of null hypothesis of no difference between groups.
Table 4 Effect measures comparing prevalence of risk factors among females by country of residence/birth
	
	Elevated ALT or AST1
	Hepatitis 

B or C
	Metabolic

syndrome2
	High cholesterol
	Diabetes3
	Obesity4
	Abdominal obesity5
	Heavy/binge drinker6

	Odds ratios
	
	
	
	
	
	
	
	

	HWCS (Mexico)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	NHANES-Mexico Born
	0.8 (0.5, 1.1)
	0.3 (0.1, 1.8)
	0.7 (0.5, 1.1)
	1.2 (1.0, 1.5)
	2.2 (1.4, 3.4)a
	2.5 (1.8, 3.5)a
	2.1 (1.2, 3.6)a
	5.6 (4.2, 7.3)a

	NHANES-US Born
	1.0 (0.8, 1.3)
	0.4 (0.2, 1.1)
	0.8 (0.6, 1.2)
	1.1 (0.9, 1.4)
	1.7 (1.2, 2.6)a
	3.5 (2.5, 4.9)a
	2.3 (1.4, 3.8)a
	12.8 (10.0, 16.3)a

	Predicted probabilities
	
	
	
	
	
	
	
	

	HWCS (Mexico)
	10.2
	2.2
	34.9
	41.2
	8.3
	20.0
	51.1
	8.4

	NHANES-Mexico Born
	8.2
	0.7
	28.8
	45.8
	15.4
	38.4
	67.8
	32.1

	NHANES-US Born
	10.6
	1.0
	31.2
	43.3
	12.9
	46.3
	69.6
	50.3

	Prevalence ratios (95%CI)
	
	
	
	
	
	
	
	

	NHANES-Mexico Born vs HWCS
	0.8 (0.5, 2.1)
	0.3 (0.0, 0.9)a
	0.8 (0.6, 1.0)
	1.1 (1.0, 1.2)
	1.9 (1.2, 2.5)a
	1.9 (1.4, 2.4)a
	1.3 (1.0, 1.6)a
	3.8 (3.0, 4.6)a

	NHANES-US Born vs HWCS
	1.0 (0.8, 1.2)
	0.4 (0.0, 0.8)a
	0.9 (0.7, 1.1)
	1.1 (0.9, 1.2)
	1.6 (1.1, 2.1)a
	2.3 (1.7, 2.9)a
	1.4 (1.0, 1.7)a
	6.0 (4.9, 7.1)a

	Prevalence differences (95%CI)
	
	
	
	
	
	
	
	

	NHANES-Mexico Born vs HWCS
	-2.1 (-4.7, 0.6)
	-1.5 (-2.8, -0.2)a
	-6.1 (-13.0, 0.8)
	4.6 (-0.7, 9.8)
	7.1 (1.8, 12.4)a
	18.4 (12.5, 24.3)a
	16.8 (4.6, 29.0)a
	23.7 (19.4, 28.0)a

	NHANES-US Born vs HWCS
	0.3 (-1.7, 2.3)
	-1.2 (-2.7, 0.0)
	-3.7 (-10.2, 2.7)
	2.2 (-2.9, 7.3)
	4.7 (1.3, 8.0)a
	26.2 (20.5, 31.9)a
	18.5 (6.5, 30.6)a
	41.9 (38.0, 45.9)a


Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40 IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel III criteria; 3Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as 2-4 drinks per day for females and 3-4 drinks per day for males and binge drinking was defined as having five or more drinks at one time for both males and females. aP < 0.05 for test of null hypothesis of no difference between groups.
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