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Introduction

The Centers for Disease Control and Prevention (CDC) has 
found that liver disease is a major cause of morbidity and 
mortality in the US, affecting 4.5 million people in 2018, or 
about 1.7% of the adult American population.1 Chronic liver 
disease comprises of a variety of conditions, including but 
not limited to fatty liver, steatohepatitis, and cirrhosis. In 
2020, 51 642 deaths were reported as a consequence of liver 
disease, most often due to liver failure and gastrointestinal 
bleeds.1,2 Mortality from liver disease has progressively 
increased across all age groups in the US.3-5 However, the 
death rate is highest among older adults, with an age-adjusted 
mortality per 10 000 persons approaching 30 and above for 
adults ages 65 and older.6 About 80% of patients on the 
transplant waitlist from 2004 to 2013 suffered from either 
hepatitis C virus (HCV), alcoholic liver disease, or nonalco-
holic fatty liver disease (NAFLD).7 The epidemiology of 

liver disease has changed in recent decades in the US, with 
NAFLD surpassing HCV and alcoholic liver disease as the 
leading cause.8

Several studies of prospective cohorts have found sub-
stantial disparities in the prevalence of liver disease between 
various US ethnic groups.8-11 At 6.7%, Hispanic Americans 
have the highest prevalence of liver disease in the US, after 
Japanese Americans.8 Hispanics also have a higher inci-
dence of liver disease, in addition to worse outcomes rela-
tive to the general US population.12 NAFLD, the leading 
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cause of liver disease in America, appears to disproportion-
ately affect Hispanic Americans, possibly due to a propen-
sity for visceral fat deposition.13,14 Among both the youth 
and adult population, Hispanic Americans are more likely 
to suffer from diabetes, metabolic syndrome, hyperlipid-
emia, which are known risk factors for NAFLD.15-18 
Additionally, Hispanic Americans have more limited access 
to healthcare compared to the general population, further 
contributing to the disparity.19 The literature is clear in 
describing the strong association of liver disease with the 
Hispanic and Mexican American population. In the US, 
Mexican Americans make up the largest portion of the 
Hispanic population.20

Development of liver disease with advanced age has 
been well established in the literature.21-23 This occurs by 
several mechanisms, including decreases in blood flow, 
liver volume, metabolism, and detoxification that occur 
with increasing age.24,25 Also, insulin resistance increases 
with age, contributing in particular to the development of 
NAFLD in the elderly population.26

Numerous risk factors for liver disease have been well 
documented. NAFLD is strongly associated with body fat 
content and associated factors, including high body mass 
index (BMI), high waist circumference, type 2 diabetes 
mellitus, metabolic syndrome, hypertriglyceridemia and 
polycystic ovarian syndrome, many of which conditions are 
also highly prevalent in the Mexican American popula-
tion.14,27 NAFLD is thought to make up about 75% of cases 
of chronic liver disease, and 2% to 15% of cases of cirrho-
sis, with numbers anticipated to rise.28,29 As expected, alco-
hol consumption is the leading risk factor for alcoholic liver 
disease, the second most common etiology of liver dis-
ease.8,14 Intravenous drug use and unsafe sexual practices 
are associated with the development of HCV and hepatitis 
B virus (HBV), although in recent years the incidence of 
HBV has dropped significantly due to the wide availability 
of a vaccine.5,27 A systematic review found that socioeco-
nomic factors such as lower education and income are 
linked to increased rates of obesity, intravenous drug use 
and alcohol consumption, all factors in the development of 
liver disease.14 A study based on data from the Fourth 
National Health and Nutrition Examination Survey showed 
that men were also more likely than women to develop liver 
disease in the general population, regardless of etiology.27

The literature currently documents the epidemiology of 
liver disease as it relates to race/ethnicity, sex, and a wide 
range of determinants.8-11,27 Metabolic syndrome, insulin 
resistance, and restricted access to healthcare are some of 
the predisposing factors for liver disease in the general 
Hispanic American population.15,19 However, the preva-
lence and associated risk factors of liver disease have not 
been thoroughly investigated among older Mexican 
Americans. Given the increased prevalence of liver disease 
among Hispanics and the higher mortality among older 

adults due to liver disease,5 it is necessary to further exam-
ine this expanding community in the American population. 
The purpose of this study was to determine the prevalence 
and factors associated with liver disease among elderly 
Mexican Americans over the span of 18 years.

Methods

Data for this study can be found in the Hispanic Established 
Population for the Epidemiologic Study of the Elderly 
(H-EPESE), an ongoing longitudinal study of Mexican 
Americans aged 65 years and older who are residents of 
Arizona, California, Colorado, New Mexico, and Texas. 
The sampling plan, cohort characteristics, and data for the 
H-EPESE can be found at the National Archive of 
Computerized Data on Aging.30 The original H-EPESE 
sample consisted of 3050 participants interviewed in 
1993/94 at baseline and followed-up every 2 or 3 years. 
Face-to-face interviews were conducted in the subjects’ 
preferred language (English or Spanish) to obtain the data 
by trained interviewers.16

The current study used data obtained from wave 2 (1995-
1996, hereafter baseline) to wave 8 (2012-2013). The first 
wave (1992-1993) was not included because the variable of 
self-reported liver disease was not collected, and therefore 
only those aged 67 years and older were examined in this 
study. The average follow-up period was 9.2 ± Standard 
Deviation (SD) of 4.9 years. We excluded participants with 
missing information (N = 500) on socio-demographics, 
alcohol consumption, comorbidities (hypertension, heart 
failure, diabetes, heart attack, stroke, or cancer), body mass 
index (BMI), depressive symptoms, cognitive and physical 
function, and handgrip strength. The final sample included 
1938 subjects. Compared to the included sample, excluded 
subjects tended to be US-born, unmarried, with fewer years 
of education. They were also less likely to consume alcohol 
in the last month; to report stroke, depressive symptoms, 
heart attack, heart failure or cancer; and to have a lower 
BMI and score low on the Mini-Mental-State-Examination 
(MMSE) and the Short Physical Performance Battery 
(SPPB). At the end of follow-up, 266 participants were re-
interviewed in person, while 170 participants declined 
interviews or were lost to follow-up, and 1406 participants 
were confirmed dead through the National Death Index or 
reports from relatives at the end of follow-up (Figure 1).

Self-reported liver disease was assessed by asking each 
subject the following question: “Has a doctor or other health 
care professional ever told you that you had liver disease” 
(Yes or No). The type of liver disease was not specified in 
the survey.

Sociodemographic data included sex, age, years of edu-
cation, marital status, and country of birth. Alcohol con-
sumption was assessed with the question: “In the past 
month, have you had any beer, wine or liquor” (Yes or No). 
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Pertinent medical history included self-reported hyperten-
sion, heart failure, diabetes, heart attack, stroke, and cancer. 
BMI was derived from the subjects’ weight in kilograms 
and height in meters squared (kg/m2). Criteria for obesity 
was a BMI ≥ 30 kg/m2.31 The Center for Epidemiologic 
Studies Depression Scale (CES-D ≥ 16) was used to deter-
mine high depressive symptoms.32 Cognitive function was 
determined by the MMSE.33 Physical function was evalu-
ated with the Short Physical Performance Battery (SPPB) to 
test balance, repeated chair-stands, and walking speed.34-36 
A dynamometer was used to measure handgrip strength of 
the dominant hand.37

T-tests and chi-square were used to determine the dis-
tribution of sociodemographic variables and health char-
acteristics of participants by liver disease at baseline. The 
95% Confidence interval (CI) and odds ratio (OR) of risk 
factors for liver disease were estimated with generalized 
estimating equation (GEE) models using the GENMOD 
procedure in SAS. Repeated measure of participants was 
accounted for using a logit link binomial distribution and 
autoregressive correlation. Aside from sex, education, and 
nativity, all variables included in the study were analyzed 

as time varying. Those participants who died, refused to 
participate, or were lost to follow-up were included until 
their last interview date over the 18 years of follow-up. 
Additional analyses were conducted among those who 
survived the 18-years of follow-up, among those who did 
not survive, and without excluding those with self-reported 
liver disease at baseline. All analyses were performed 
using SAS for Windows (SAS Institute, Inc., Cary, NC). A 
significance level of .05 was used.

Results

Table 1 presents the baseline descriptive characteristics of 
the overall sample and by liver disease. The mean age was 
74.9 ± 5.9 years, 58.4% were female, 54.6% were married, 
56.4% were US born and the mean years of education was 
4.9 ± 3.9 years. Mean BMI, MMSE and SPPB scores were 
28.0 ± 5.2, 24.0 ± 4.5 and 8.2 ± 3.0, respectively. The mean 
handgrip strength was 30.7 ± 7.7 kg in men and 19.5 ± 5.6 kg 
in women. The most common comorbidities were hyper-
tension (45.9%), arthritis (44.5%), and diabetes (27.2%). 
Twelve percent had major depressive symptoms. Participants 

Figure 1. Flow chart of sample.
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with liver disease were significantly more likely to be 
younger; report arthritis (63.8%), diabetes (44.7%), heart 
failure (21.3%), or depressive symptoms (27.7%); and score 
lower in the SPPB and in handgrip strength (in women). The 
percent of those with liver disease increased from 2.4 at 
baseline to 8.4 in wave 8 (Figure 2).

Table 2 shows the results of the GEE model for self-
reported liver disease as a function of sociodemographic, 
behavioral and health characteristics among older Mexican 
Americans without self-reported liver disease at baseline. 
Over time, there was a greater likelihood of reporting 
liver disease (OR = 1.17,95% CI = 1.12-1.22). Older age 
(OR = 1.06,95% CI = 1.00-1.22), having the interview con-
ducted in Spanish (OR = 2.87,95% CI = 1.11-7.47), pres-
ence of arthritis (OR = 2.12,95% CI = 1.32-3.40), diabetes 
(OR = 1.64,95% CI=1.05-2.58), heart failure (OR = 2.70,95% 
CI = 1.58-4.26) or cancer (OR = 2.03,95% CI=1.10-3.76) 
and high cognitive function (OR = 1.10, CI = 1.05-1.17) 
were factors associated with greater odds of reporting liver 
disease over time. Married participants (OR = 0.61,95% 
CI = 0.38-0.98) and those with a high level of education 
(OR = 0.93,95% CI = 0.86-1.00) had lower odds of reporting 
liver disease over time. When the analyses were conducted 
among only the survivors and among the deceased, the find-
ings were similar. When those participants with self-
reported liver disease at baseline were included in the 
analyses, we found that cancer was associated with self-
reported liver disease (OR = 1.99,95% CI = 1.26-3.16).

Table 1. Baseline Descriptive Characteristics of the Sample by Self-Reported Liver Disease (N = 1938).

Variables Overall N (%) Liver disease N (%) No liver disease N (%) P-value

Total 1938 47 (2.4) 1891 (97.6)  
Age (years), mean ±SD 74.9 ± 5.9 73.5 ± 4.4 74.9 ± 6.0 .0381
Gender
 Female 1132 (58.4) 33 (70.2) 1099 (58.1) .0965
 Male 806 (41.6) 14 (29.8) 792 (41.9)  
Marital status (married) 1058 (54.6) 25 (53.2) 1033 (54.6) .8452
Education (years), mean ±SD 4.9 ± 3.9 5.2 ± 4.1 4.9 ± 3.9 .5771
Language of Interview (Spanish) 1563 (80.7) 37 (78.7) 1526 (80.7) .7350
Nativity
 Foreign-born 845 (43.6) 22 (46.8) 823 (43.5) .6536
 US-born 1093 (56.4) 25 (53.2) 1068 (56.5) .6536
Alcohol consumption 362 (18.7) 7 (14.9) 355 (18.8) .5003
Obesity (BMI ≥ 30 kg/m2) 615 (31.7) 14 (29.8) 601 (31.8) .7716
Arthritis 862 (44.5) 30 (63.8) 832 (44.0) .0069
Hypertension 889 (45.9) 23 (48.9) 866 (45.8) .6695
Diabetes 527 (27.2) 21 (44.7) 506 (26.8) .0064
Heart attack 165 (8.5) 5 (10.6) 160 (8.5) .5973
Heart failure 228 (11.8) 10 (21.3) 218 (11.5) .0405
Stroke 137 (7.1) 2 (4.3) 135 (7.1) .7700
Cancer 123 (6.4) 6 (12.8) 117 (6.2) .0676
MMSE, mean ± SD 24.0 ± 4.5 24.3 ± 3.8 24.0 ± 4.5 .7084
BMI, mean ± SD 28.0 ± 5.2 27.9 ± 5.9 28.0 ± 5.2 .8824
Depressive symptoms (CES-D ≥ 16) 229 (11.8) 13 (27.7) 216 (11.4) .0007
SPPB, mean ± SD  8.2 ± 3.0  6.9 ± 2.9  8.2 ± 3.0 .0019
Male Grip Strength (kg), mean ± SD 30.7 ± 7.7 30.6 ± 7.2 30.7 ± 7.7 .9508
Female Grip Strength (kg), mean ± SD 19.5 ± 5.6 17.9 ± 6.4 19.6 ± 5.5 .0084

Abbreviations: BMI, Body Mass Index; CES-D, Center for Epidemiologic Studies Depression Scale; SPPB, Short Physical Performance Battery.

Figure 2. Percent of older Mexican American participants with 
liver disease over time (N = 1938).
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Discussion

The purpose of our study was to determine the prevalence 
and factors associated with self-reported liver disease 
among Mexican Americans aged 67 years and older over 
the span of 18 years. The prevalence of self-reported liver 
disease ranged from 2.4% to 8.4%. Age, language of inter-
view (Spanish), arthritis, diabetes, heart failure, cancer and 
high MMSE scores were factors associated with greater 
odds of self-reported liver disease over time. Married par-
ticipants and those with high level of education were at a 
decreased risk of self-reported liver disease over time.

Liver disease prevalence in our sample at baseline was 
2.4%, above the national average of 1.7% in the adult 
American population.1 This finding is consistent with other 
literature reporting that liver disease disproportionately 
affects Mexican Americans, suggesting that the association 
exists even as this population ages.8

Heart failure, diabetes and arthritis were clear risk factors 
for liver disease in this population. The relationship between 
these medical conditions and liver disease has been previ-
ously established.38-40 Heart failure can passively congest 
the liver or cause hepatic necrosis via hypoperfusion.38,39 
Type 2 diabetes is strongly associated with obesity and the 

development of NAFLD, which can progress to steatohepa-
titis and cirrhosis.40 The exact mechanism by which this 
occurs is complex and not fully understood, but the literature 
suggests that liver fat deposition is a result of insulin resis-
tance and excessive lipid availability.41,42 Several studies 
have shown that the deposition of fat in the liver interferes in 
multiple cellular pathways, resulting in inhibited hepatic 
regeneration through higher p21 expression, increased γ-
H2AX expression with telomere shortening, and decreased 
autophagy.43,44 A cross-sectional study found that both a per-
sonal and family history of diabetes were significantly asso-
ciated with nonalcoholic steatohepatitis.45 Arthritis can 
contribute to liver disease as a side effect of pharmacother-
apy such as methotrexate and nonsteroidal anti-inflamma-
tory drugs or as an association with associated autoimmune 
disorders such as autoimmune hepatitis, primary sclerosing 
cholangitis and primary biliary cirrhosis.46

More years of education appeared to be a protective fac-
tor for liver disease. This result is corroborated by studies 
showing that less education, which is more common among 
Mexican Americans, correlates with higher rates of HBV, 
HCV and alcohol use, all of which contribute to liver dis-
ease.27 The increased likelihood of liver disease among 
those interviewed in Spanish was particularly interesting. 
This finding has not been reported in the literature regard-
ing Mexican Americans and liver disease, however it is to 
be expected and further exemplifies how limited English 
proficiency is a barrier to healthcare access.34-36 Given the 
ever-growing prevalence of Spanish speakers in the US, 
special attention should be given to Mexican Americans 
with limited English proficiency in order to screen for liver 
disease and mitigate the effect of associated risk factors.

Our finding also showed that better mental status was 
associated with a greater likelihood of liver disease. This 
contrasted with numerous established studies which 
strongly correlate liver disease with worsening cogni-
tion.47-49 There are several possible explanations for this. 
Participants with lower cognitive function may have been 
less likely to visit the doctor to receive the diagnosis of liver 
disease and report it to the survey. There is also the possibil-
ity of a survivorship bias; fewer individuals with severe 
liver disease would live to be aged 67 years and older, and 
therefore, the surviving participants would likely have a 
milder form of the disease, with more preserved cognitive 
function. Although our study did not demonstrate handgrip 
strength as a factor associated with liver disease, this 
hypothesis is consistent with studies on handgrip strength 
that show it to be a strong predictor of mortality in the 
Mexican American population.37 This finding further sup-
ports the notion that the participants were not suffering 
from severe liver disease, but rather a milder form.

Our study has a few limitations. First, the data was self-
reported, calling to question the reliability of the partici-
pants’ answers. Second, the absence of medical charts, 

Table 2. Generalized Estimating Equation Models for Self-
Reported Liver Disease Over Time Among Older Mexican 
Americans Without Self-Reported Liver Disease at Baseline 
(N = 1891).

Predictor variables OR 95% CI P-value

Time (years) 1.17 (1.12-1.22) <.0001
Age (years) 1.06 (1.00-1.11) .0469
Sex (female) 1.11 (0.60-2.02) .7551
Marital status (married) 0.61 (0.38-0.98) .0422
Education (years) 0.93 (0.86-1.00) .0638
Interviewed in Spanish 2.87 (1.11-7.47) .0303
Nativity (US-born) 0.98 (0.61-1.58) .9438
Alcohol consumption 0.92 (0.48-1.76) .8051
Obesity (BMI ≥ 30 kg/m2) 1.25 (0.80-1.96) .3227
Arthritis 2.12 (1.32-3.40) .0018
Hypertension 0.76 (0.45-1.26) .2800
Diabetes 1.64 (1.05-2.58) .0299
Heart attack 0.69 (0.31-1.54) .3687
Heart failure 2.70 (1.71-4.26) <.0001
Stroke 1.30 (0.61-2.77) .4882
Cancer 2.03 (1.10-3.76) .0237
MMSE 1.10 (1.05-1.17) .0004
Depressive symptoms 

(CES-D ≥ 16)
1.00 (0.88-1.72) .9972

SPPB 1.05 (0.98-1.05) .1170
Grip strength 1.02 (0.98-1.05) .3613

Abbreviations: BMI, Body Mass Index; CES-D, Center for Epidemiologic 
Studies Depression Scale; MMSE, Mini-Mental-State-Examination; SPPB, 
Short Physical Performance Battery.
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imaging or laboratory tests limited the specifics of each par-
ticipants’ particular liver disease diagnosis. These 2 limita-
tions present possible issues with validity, however, we 
suspect patients would be more likely to under report rather 
than over report a diagnosis of liver disease given the lim-
ited healthcare access and literacy in this population. Third, 
information was not collected on disease duration, severity, 
or management. Fourth, we excluded less healthy partici-
pants, which could have underestimated the association 
with liver disease of sociodemographic, behavioral and 
health characteristics. Fifth, data on alcohol use was lim-
ited; alcohol history was assessed by alcohol use in the past 
month, which does not delineate between excessive and 
acceptable amounts of consumption. Sixth, our study 
focuses on associations and risk factors for liver disease 
from a statistical perspective but does not provide new 
insight into pathophysiology and diagnosis of liver disease. 
Finally, our findings are generalizable only to Mexican 
Americans living in the Southwest region of the US.50 
Nonetheless, a major strength of our study is its evaluation 
of the factors contributing to and protective of liver disease 
over time in the older Mexican American population. To 
date, no study has closely examined this condition in this 
ever-growing portion of the US population. The study 
draws strength from its large sample size representative of 
the Mexican American population and its prospective 
design.

Conclusion

The current literature shows that the Mexican American 
population is disproportionately affected by liver disease. 
This study confirms that this trend continues among the 
elderly Mexican American population as well. Our findings 
suggest that arthritis, heart failure, cancer, diabetes, and 
interviewing in Spanish increase the risk of developing 
liver disease; however, more years of education and being 
married appear to be protective factors. This study provides 
much needed insight into the aging Mexican American pop-
ulation with respect to liver disease. More research is 
needed to further understand the etiology of this disease, as 
well as methods to improve the resultant morbidity and 
mortality in this population.
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