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Elevated Glycated Hemoglobin Is 
Associated With Liver Fibrosis, as 
Assessed by Elastography,  
in a Population-Based Study of  
Mexican Americans
Gordon P. Watt,1 Isela De La Cerda ,2 Jen-Jung Pan,3 Michael B. Fallon,4 Laura Beretta ,5 Rohit Loomba ,6  
Miryoung Lee,2 Joseph B. McCormick,2 and Susan P. Fisher-Hoch2

Diabetes is associated with liver disease and risk of hepatocellular carcinoma. In this study, we evaluated the associa-
tion between liver fibrosis measured by transient elastography and four glucose metabolism measures in the Cameron 
County Hispanic Cohort, a population-based, randomly selected cohort of Mexican American Hispanics with high 
rates of diabetes and liver cancer. We measured liver fibrosis (a risk factor for hepatocellular carcinoma) in 774 well-
characterized cohort participants using transient elastography. We evaluated the association of liver fibrosis with gly-
cated hemoglobin (HbA1c), fasting blood glucose, insulin, and insulin resistance using multivariable linear regression 
models. In multivariable models, log-transformed HbA1c had the strongest association with liver fibrosis (β  =  0.37, 
95% confidence interval [CI] 0.04-0.69, P  =  0.038), after controlling for waist circumference, aspartate aminotrans-
ferase, alanine aminotransferase, liver fat, and other known confounders. The association was statistically significant 
among women (β  =  0.33, 95% CI 0.10-0.56, P  =  0.009) and similar but nonsignificant among men (β  =  0.41, 95% 
CI −0.17 to 0.98, P  =  0.593). Waist circumference, platelet count, aspartate transaminase, and liver steatosis were 
each associated with liver stiffness. Conclusions: Elevated HbA1c is associated with liver fibrosis, a key risk factor for 
HCC, particularly among women. Our results indicate that Mexican Americans with uncontrolled HbA1c may ben-
efit from routine screening by liver elastography to identify individuals at risk of liver disease progression. (Hepatology 
Communications 2020;4:1793-1801).

The incidence of cirrhosis and hepatocellular 
carcinoma (HCC) is increasing in the United 
States among Hispanic populations, with 

nonalcoholic fatty liver disease (NAFLD) being the 

fastest-growing underlying etiology.(1-4) However, few 
studies have examined the clinical and demographic 
correlates of liver disease (fibrosis) preceding cirrho-
sis and HCC in Hispanic populations, as the gold 

Abbreviations: ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; BARD, BMI, AST to ALT 
ratio, diabetes mellitus; BMI, body mass index; CAP, controlled attenuation parameter; CCHC, Cameron County Hispanic Cohort; CI, conf idence 
interval; FIB-4, Fibrosis-4 score; HbA1c, glycated hemoglobin; HBsAg, hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; HCV-Ab, 
hepatitis C virus antibody; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; NAFLD, nonalcoholic fatty liver disease; TE, transient 
elastography.
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standard of liver disease staging—liver biopsy—is 
inappropriate for screening at the population level.

Liver ultrasound, which is used routinely in clini-
cal practice to reduce unnecessary biopsies, is not able 
to distinguish between simple fatty liver, which is not 
necessarily progressive, and liver fibrosis, which is usu-
ally progressive.(5-7) Recent introduction of noninvasive, 
low-cost elastographic methods, particularly transient 
elastography (TE), has permitted the study of other-
wise asymptomatic liver fibrosis in population-based 
settings.(8-11) FibroScan is a low cost, high-throughput, 
noninvasive method using transient wave elastography 
that provides two measures with proven reliability: liver 
fibrosis (stiffness) in kilopascals and intrahepatic ste-
atosis (fat) using the controlled attenuation parameter 
(CAP) in decibels/meter.(12) Elevated liver stiffness 
measured by elastography, like histologically con-
firmed liver fibrosis, has been associated with the risk 
of HCC.(13) It is now important to identify clinical 
characteristics that are associated with liver fibrosis to 
further inform HCC risk prediction.

An association between diabetes and liver fibro-
sis has been documented in various studies, including 
some that use TE-based definitions of fibrosis.(8,14-18) 
However, the cutoff points for dichotomizing liver 

fibrosis differ, as did the definitions of diabetes, and the 
association has not been assessed in minority popula-
tions. In Hispanic populations with a significant burden 
of both diabetes and liver disease, an understanding of 
the relationship between standard metrics of glucose 
metabolism and noninvasive measures of liver fibrosis 
may aid risk stratification and prevention efforts.

In this study we evaluate the relationship between 
four glucose metabolism measures (glycated hemoglo-
bin [HbA1c], fasting blood glucose, insulin, and insu-
lin resistance) and liver fibrosis in a population-based 
sample of Mexican Americans, after controlling for 
known predictors of liver fibrosis.

Methods
setting anD paRtiCipants

The Cameron County Hispanic Cohort (CCHC) 
is a population-based sample of Mexican-American 
individuals recruited from randomly selected house-
holds using a two-stage sampling method based on US 
Census tracts and blocks (for more details see Fisher-
Hoch et al(19)). The CCHC was initiated in 2004; 
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however, TE was not introduced until 2015, when 
FibroScan (Echosens, Waltham, MA) was approved 
for use by the US Food and Drug Administration. 
The current study is a cross-sectional analysis of 
participants recruited between 2015 and 2019. 
Participants gave informed consent to participate, and 
all protocols were approved by the University of Texas 
Health Science Center at Houston Committee for the 
Protection of Human Subjects.

Participants underwent a comprehensive clinical 
examination, including a comprehensive interview 
of health and social history, family history of can-
cer and cardiovascular disease, demographic details, 
anthropometrics including weight, height and waist 
circumference, and a 10-hour fasting blood draw. 
Blood samples were immediately sent to a Clinical 
Laboratory Improvement Amendments–accredited  
laboratory for a comprehensive metabolic panel includ-
ing plasma glucose, complete blood count, lipid panel, 
and HbA1c measurement. Additional samples were 
separated into red blood cells, buffy coat, and plasma 
and stored at −80°C within 30  minutes of the blood 
draw. The stored plasma samples were used to assay 
fasting insulin, hepatitis C virus antibody (HCV-Ab), 
and hepatitis B virus surface antigen (HBsAg). 
Fasting insulin was measured consistently using 
Mercodia enzyme-linked immunosorbent assay kits 
(Uppsala, Sweden), and insulin resistance was calcu-
lated using the homeostatic model of insulin resistance 
(HOMA-IR).(20) The following definitions were used 
for traits relevant to liver disease. Heavy drinking was 
defined as self-reported >21 drinks/week for men and 
>14 drinks/week for women(21); obesity was defined 
as body mass index (BMI) ≥ 30 kg/m2; elevated waist 
circumference was defined as >102  cm for men and 
>88  cm for women. A combination of self-reported 
diabetes status, fasting glucose levels, and/or use of 
glucose-lowering medication were considered, and we 
used the American Diabetes Association’s definition of 
diabetes status to group individuals as “No Diabetes,” 
“Impaired fasting glucose,” or “Diabetes.”(22)

liVeR FiBRosis measuReD By te
After the clinical exam, trained operators routinely 

measured liver fibrosis and CAP on all visits using 
vibration-controlled TE (either FibroScan 502 Touch 
or FibroScan 530 Compact, Echosens) with automatic 
probe selection (medium or XL) until a total of 10 valid 

measures were made. The primary outcome variable is 
median liver fibrosis in kilopascals. We excluded partic-
ipants who had less than 10 valid fibrosis readings or 
whose liver fibrosis interquartile range-to-median ratio 
was greater than 30% (among those with liver fibro-
sis median >7.1  kPa), in accordance with a published 
quality control procedure.(23) We also captured 10 mea-
surements of CAP as a quantitative measure of liver 
steatosis; the median of 10 CAP measurements was 
recorded for analysis. Interrater variability for liver stiff-
ness measured in kPa was estimated by calculating the 
intraclass correlation coefficient in a subset (n  =  121) 
of participants with two assessments on the same 
day. There are no studies that have identified cutoff 
points for liver fibrosis using FibroScan in a nonclin-
ical Hispanic population. Because an incorrect choice 
of cutoff can obscure true associations, we elected to 
use all the continuous values of liver stiffness to identify 
associations with clinical and demographic variables.

statistiCal metHoDs
All statistical analyses were conducted using design-

based linear regression accounting for the two-stage 
sampling of the CCHC using the survey package(24) in 
R 3.5.1.(25) We developed separate multivariable mod-
els of log-transformed liver fibrosis on each of the four 
measures of glucose metabolism (log-transformed) con-
trolling for waist circumference (10-cm unit scale), CAP 
(10-unit scale), age, sex, place of birth (United States vs. 
other), current use of diabetes medication, heavy drink-
ing, log-transformed aspartate transaminase (AST) and 
alanine transaminase (ALT), and log-transformed plate-
let count. The measures of glucose metabolism were 
Z-standardized to enable head-to-head comparisons of 
each measure. Finally, we identified the measure of glu-
cose metabolism with the largest statistically significant 
adjusted association with liver fibrosis for our final regres-
sion model. We then stratified the final model by sex.

sensitiVity analysis
Most studies rely on kilopascal cutoff points for 

staging of fibrosis, which have been validated primarily 
in European and Asian clinical populations. The pub-
lished cutoffs for “significant” (F2-F4) fibrosis range 
from 5.8 to 11 kPa, but have never been validated in 
nonclinical, general populations or in Hispanic popu-
lations in the United States.(12) Although there is no 
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established cutoff for significant fibrosis among non-
clinical populations, we explored the use of a “signif-
icant fibrosis” cutoff of 7.1  kPa, as recommended by 
the manufacturer,(26) to determine whether our results 
were robust with a dichotomous parameterization of 
liver fibrosis. Second, we refit the final linear models 
adjusting for HCV-Ab and HBsAg positivity in the 
smaller subset with results for these assays, to deter-
mine whether the small burden of viral hepatitis affects 
the association between glucose control measures and 
liver fibrosis. Finally, it is known that among clin-
ical populations with cirrhosis (histological fibrosis 
score F4, kPA  >  25), measures of HbA1c are known 
to vary and thus be unreliable.(27) For this reason, we 
excluded participants (n  =  13) with possible cirrhosis 
(kPa ≥ 21.0) and re-estimated the multivariable model.

Results
Characteristics of the study population stratified by 

sex are found in Table 1.
After removing 13 participants with uninterpretable 

TE results, our final data set included 774 participants 
with valid liver stiffness and CAP measurement. For 
the majority (504, 65%), the medium probe was auto-
matically selected during the examination, including 
for a number of obese and morbidly obese participants 
(Supporting Table S1). The ICC for liver stiffness indi-
cated good inter-observer agreement (ICC 0.94, 95% 
CI 0.92-0.96). Liver stiffness measured by TE had 
modest correlations with blood-based markers of liver 
fibrosis, including statistically significant associations 
with the NAFLD fibrosis score (r  =  0.15, P  <  0.001) 
and Fibrosis-4 score (FIB-4) (r = 0.19, P < 0.001) but 
no statistically significant association with the BARD 
(for “BMI, AST to ALT ratio, diabetes mellitus”) 
score (r = 0.04, P value = 0.2) (Table 2).

In univariable analysis of the association between 
measures of glucose metabolism (HbA1c, fasting glu-
cose, fasting insulin, and insulin resistance) and mea-
sures of liver fibrosis (TE, FIB-4, AST-to-platelet 
ratio index [APRI], NAFLD fibrosis score, and 
BARD score), all four measures of glucose metabo-
lism had significant associations with liver stiffness 
measured by TE (Table 3). The correlations were 
stronger between measures of glucose metabolism 
and BARD score and NAFLD fibrosis score, as these 
scores include diabetes in their calculations.

In multivariable models of the association between 
glucose metabolism and liver stiffness, the only mea-
sure of glucose control statistically significantly 
associated with liver stiffness was HbA1c (β, log- 
transformed and centered  =  0.07, 95% confidence 
interval [CI] 0.01-0.14], P  =  0.039) after controlling 
for waist circumference, CAP, current use of diabetes 
medication, platelet count, levels of AST, ALT, coun-
try of birth (United States vs. other), and heavy alco-
hol use (Supporting Table S2). We therefore focused 
on the association of HbA1c with liver fibrosis, as it 
was the largest adjusted association in multivariable 
models. Waist circumference, platelets, AST, and CAP 
measures were statistically significantly associated with 
liver fibrosis in each model. Serum triglycerides, high- 
density lipoprotein, and low-density lipoprotein were 
not associated with liver stiffness and did not improve 
the multivariable model fit. The final multivariable mod-
els, overall and by sex, of the association between log- 
transformed liver stiffness (kPa) and log-transformed 
HbA1c is given in Table 4. Overall, log-transformed 
HbA1c had a statistically significant adjusted associa-
tion with liver stiffness (β = 0.37, 95% CI 0.04-0.69). 
Because both HbA1c and liver fibrosis are log-trans-
formed, this result can be interpreted as follows: a 10% 
increase in HbA1c is associated with a 4% increase in 
liver stiffness (kPa), given by (1.1)0.37 = 1.04. For com-
parison, for the association with waist circumference, 
which is scaled in 10-unit increments (β  =  0.06 for a 
10-cm increase in waist circumference), we expect a 7% 
increase in liver stiffness for every 10-cm increase in 
waist circumference, given by exp(0.06) = 1.06. When 
stratifying by sex, there was a statistically significant 
association between liver stiffness and HbA1c among 
female participants (β  =  0.33, 95% CI 0.10-0.56, 
P = 0.009), but not male participants (β = 0.41, 95% CI 
−0.17 to 0.98, P = 0.593) (Table 4).

Waist circumference and HbA1c were the strongest 
predictors of liver stiffness. We compared the median 
liver stiffness and prevalence of kPa > 7.1 across four 
categories defined by waist circumference and HbA1c. 
We found that the median liver stiffness in kPa and 
prevalence of liver stiffness >7.1  kPa was greatest 
among those with both elevated waist circumference 
and elevated HbA1c compared to those with only one 
risk factor (Fig. 1). We also attempted to adjust for TE 
probe type (XL vs. medium) in our models but found 
that problematic collinearity with waist circumference 
caused a reversal of coefficient directions; instead, we 
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taBle 1. DesCRiptiVe statistiCs oF tHe analytiC Data set By seX

Categorical

Female Male

Count Percentage§ Count Percentage§

Age (years)
<40 90 18.3 52 20.4
40-64 310 56.8 141 51.2
65+ 119 24.9 61 28.5
Born in Mexico
No 141 33.5 103 41.2
Yes 377 66.5 152 58.8
Health Insurance*
No 280 50.1 123 41.0
Yes 237 49.9 131 59.0
BMI (kg/m2)
<20 4 0.6 0 0
20 to <25 83 16.3 28 8.1
25 to <30 164 33.0 100 38.5
30 to <35 229 42.3 110 45.1
≥35 38 7.8 16 8.5
Diabetes†

No 370 74.6 173 72.0
Yes 142 25.4 79 28.0
Heavy drinking‡

No 516 99.8 243 96.2
Yes 3 0.2 12 3.8
HCV-Ab positive 7 1.0 4 1.3
HBsAg positive 8 2.0 4 11.7

Continuous Variables

Female Male

Median§ 95 CI§ Median§ 95 CI§

Age (continuous) 55 52, 57 53 50, 58
BMI (kg/m2) 30.0 29.2, 30.9 30.4 29.6, 31.6
Liver fibrosis (kPa) 4.5 4.3, 4.7 4.8 4.4, 5.3
APRI 0.2 0.22, 0.24 0.36 0.24, 0.28
NAFLD fibrosis score −1.8 −1.9, −1.7 −1.5 −1.7, −1.2
CAP (dB/m) 277 270, 288 306 278, 319
Fasting glucose (mg/dL) 93 92, 94 100 96, 104
HbA1c (%) 5.8 5.7, 5.9 5.9 5.8, 6.0
Fasting insulin (pmol/L) 9.3 8.7, 10.8 10.5 6.9, 13.7
HOMA-IR|| 2.4 2.1, 2.8 2.8 2.1, 3.8
Waist circumference (cm) 100 98, 102 105 102, 107
Platelet count (×103/uL) 253.8 248, 265 231.5 215, 244
AST (U/L) 19 18, 20 21 19, 23
ALT (U/L) 25 24, 27 32 28, 37.9
Triglycerides (mg/dL) 128 118, 138 141.5 124.7, 157.5
Total cholesterol (mg/dL) 187 182, 192 175.8 168, 186
HDL (mg/dL) 51 49, 53 41 38, 46
LDL (mg/dL) 107 102, 109 104 96, 110.3

*Any health insurance, including private and public (Medicare/Medicaid) coverage.
†According to the American Diabetes Association 2010 guidelines.
‡Defined as >14 drinks/week for female participants and >21 drinks/week for male participants.
§All statistics are calculated using design-based analysis accounting for complex sampling design.
||Homeostasis model of insulin resistance, calculated using the formula glucose (mmol/L)* insulin (mU/L)/22.5.
Abbreviations: APRI, AST-to-platelet ratio index; BMI, Body Mass Index; CAP, controlled attenuation parameter; HBsAg, Heptatis B 
Surface Antigen; HCV-Ab, Hepatitis C Virus Antibody; HDL, high-density lipoprotein; kPa, kilopascals; LDL, low-density lipoprotein; 
NAFLD, non-alcoholic fatty liver disease.
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stratified our models by probe type. We found that 
the coefficient estimates for HbA1c were similar for 
the XL probe (n = 266; β = 0.33, P = 0.056) and the 
medium probe (n  =  504; β  =  0.37, P  =  0.136). In a 
further exploratory analysis, we stratified the model 
restricted to female participants by age (<50 and ≥50) 
as a proxy for menopausal age to further assess the 
sex differences between HbA1c and liver stiffness, and 
HbA1c was more strongly associated with liver stiff-
ness in females younger than 50 (β  =  0.46, 95% CI 
0.14-0.78, P = 0.010) and was weaker and not signifi-
cantly associated with liver stiffness among those 50 

taBle 2. CoRRelation BetWeen liVeR 
stiFFness anD BlooD-BaseD maRKeRs oF 

liVeR FiBRosis

Blood-Based Liver 
Fibrosis Scores

Correlation With Liver Stiffness 
(kPa) Measured by TE (r)* P Value

BARD score 0.04 0.2

NAFLD Fibrosis Score 0.15 <0.001

FIB-4 0.19 <0.001

APRI 0.32 <0.001

*Spearman correlation coefficient.
Abbreviations: APRI, AST-to-platelet ratio index; TE, transient 
elastography.

taBle 3. CoRRelation BetWeen measuRes oF gluCose ContRol WitH liVeR stiFFness 
measuReD By te anD BlooD-BaseD maRKeRs oF liVeR FiBRosis

TE BARD*
NAFLD Fibrosis 

Score* FIB4 APRI

r† (P value) r (P value) r (P value) r (P value) r (P value)

HbA1c 0.18 (<0.001) −0.10 (0.004) 0.45 (<0.001) 0.11 (0.003) 0.02 (0.587)

Fasting glucose 0.22 (<0.001) −0.14 (<0.001) 0.41 (<0.001) 0.12 (0.001) 0.07 (0.071)

Fasting insulin 0.27 (<0.001) −0.11 (0.005) 0.11 (0.007) 0.01 (0.843) 0.09 (0.028)

HOMA-IR 0.31 (<0.001) −0.15 (<0.001) 0.23 (<0.001) 0.04 (0.371) 0.10 (0.018)

*Includes diabetes in definition of score.
†Spearman correlation coefficient.
Abbreviations: APRI, AST-to-platelet ratio index; HOMA-IR, homeostasis model of insulin resistance.

taBle 4. multiVaRiaBle assoCiation BetWeen HBa1C anD liVeR stiFFness in tHe CameRon 
County HispaniC CoHoRt

Variable

Model 1: Overall  
(n = 744)

Model 2: Male Participants 
(n = 225)

Model 3: Female Participants 
(n = 519)

β (95% CI)* β (95% CI) β (95% CI)

HbA1c (% mmol/mol) 0.37 (0.04-0.69) 0.41 (−0.17 to 0.98) 0.33 (0.10-0.56)

Waist circumference (cm) 0.06 (0.03-0.08) 0.03 (−0.03 to 0.09) 0.07 (0.04-0.10)

Diabetes medication† −0.02 (−0.15 to 0.11) −0.11 (−0.34 to 0.13) 0.04 (−0.10 to 0.18)

Platelet count (×103/uL) −0.19 (−0.35 to 0.03) −0.18 (−0.47 to 0.11) −0.18 (−0.41 to 0.04)

AST (U/L) 0.24 (0.11-0.38) 0.26 (−0.01 to 0.52) 0.22 (0.05-0.40)

ALT (U/L) 0.01 (−0.02 to 0.03) 0.01 (−0.01 to 0.03) −0.01 (−0.18 to 0.16)

Born in United States 0.04 (−0.02 to 0.11) 0.01 (−0.11 to 0.13) 0.08 (0.0004-0.17)

CAP (dB/M) 0.01 (−0.01 to 0.02) 0.01 (0.0003-0.03) 0.01 (0.007-0.02)

Age −0.008 (−0.03 to 0.02) −0.005 (−0.04 to 0.03) −0.006 (−0.04 to 0.02)

Male −0.04 (−0.14 to 0.06) — —

Heavy drinking‡ −0.09 (−0.32 to 0.14) −0.10 (−0.29 to 0.09) −0.05 (−0.37 to 0.26)

*Estimated in survey-based multivariable logistic regression.
†Current use of diabetes medication.
‡Defined as >14 drinks/week for female participants and >21 drinks/week for male participants.
Abbreviations: CAP, controlled attenuation parameter.



Hepatology CommuniCations, Vol. 4, no. 12, 2020 WATT ET AL.

1799

and older (β = 0.27, 95% CI −0.02 to 0.56, P = 0.081) 
(Supporting Table S3).

sensitiVity analyses
The association between HbA1c and liver fibro-

sis was similar and borderline statistically significant 
(β  =  0.32, 95% CI −0.02 to 0.67, P  =  0.0778) when 
removing those with possible cirrhosis (remaining 
n = 761). None of the participants with possible cir-
rhosis had evidence of anemia, suggesting that no 
participants had decompensated cirrhosis. The results 
were similar and statistically significant after adjusting 
for HCV-Ab and HBsAg in a smaller subset of par-
ticipants. We re-estimated the multivariable HbA1c 
model with a dichotomous liver fibrosis outcome and 
found that log-transformed HbA1c was not statisti-
cally significantly associated with dichotomous liver 
fibrosis (odds ratio  =  1.64, 95% CI −0.22 to 3.59, 
P  =  0.096) after adjustment for waist circumference 
and all other covariates.

Discussion
Elevated glucose and hyperinsulinemia are among 

the potential biological mechanisms suggested in liver 
fibrosis progression.(28,29) In this study we tested the 

association between glucose metabolism measures and 
liver fibrosis in a large Mexican-American study pop-
ulation accounting for other well-known risk factors 
for chronic liver disease (central obesity, alcohol abuse, 
viral hepatitis infections). Of the four glucose metabo-
lism measures evaluated, HbA1c was the only measure 
statistically significantly associated with liver stiffness, 
controlling for known confounders. Although blood 
glucose levels are implicated in liver fibrosis progression, 
fasting blood glucose was not statistically significantly 
associated with liver fibrosis in this population. Similarly, 
we did not identify associations between fasting insulin 
or insulin resistance and liver fibrosis at the population 
level. Because HbA1c can be measured on nonfasting 
individuals and is more stable over time, we consider this 
the most promising measure for improving liver disease 
risk stratification. Moreover, this association between 
HbA1c and liver stiffness is independent of the asso-
ciation between waist circumference and liver stiffness.

Previous studies have shown that liver enzymes, 
central adiposity, and the CAP measure of hepatic 
fat are associated with liver fibrosis,(8,12,30,31) which 
we corroborated in this study, particularly for women. 
Among men, neither central adiposity nor liver 
enzymes were significantly associated with liver stiff-
ness. This population of men is known to have a 
high burden of undiagnosed liver disease(32,33) and 
the well-studied risk factors of obesity and diabetes 

Fig. 1. Liver stiffness by waist circumference and HbA1c (A1c). Abbreviations: kPa, kilopascals; WC, waist circumference.
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may not be as predictive among Hispanic men as 
in other populations. As we showed in Supporting 
Fig. S1 and Supporting Table S2, men have higher 
liver stiffness levels, on average, but our model infer-
ences based on male participants is limited, and more 
studies of NAFLD in men are needed. Other work 
in a European population has shown an association 
between blood lipids and liver fibrosis,(8) for which 
we did not find evidence in this Mexican-American 
population. Similarly, we did not identify associations 
between alcohol consumption and liver fibrosis in this 
representative sample of Mexican Americans, suggest-
ing that alcohol consumption is a minor contributor 
to the outsized burden of liver disease in south Texas.

A limitation in our study is the lack of a validated 
FibroScan cutoff for staging of fibrosis in nonclini-
cal Hispanic populations, which led us to evaluate 
associations with continuous values of liver stiffness. 
Although liver biopsy and magnetic resonance spec-
troscopy are considered the gold standards for the diag-
nosis of NAFLD, these are invasive and/or expensive 
tests that are not feasible in this community-dwelling 
cohort.(34-36) However, TE is an objective measure of 
liver stiffness that has been validated against histolog-
ically assessed liver fibrosis and is positively associated 
with increasing fibrosis severity based on blood-based 
markers of liver fibrosis.(11) Additionally, our interop-
erator reliability metrics suggest strong concordance 
between operators in obtaining kilopascal and CAP 
measures. Relative strengths of the study include its 
population-based recruitment of a US minority group 
that has a growing burden of liver disease but lim-
ited representation in the liver literature. This cohort 
is drawn from a population with high prevalence of 
diabetes (28%) and a high incidence of reported HCC 
(14.6 of 100,000) compared with 8.3 of 100,000 
nationally.(37)

In a population with limited access to health care, 
screening using simple measures such as HbA1c and 
TE, which are affordable and portable, are import-
ant for the prevention of liver disease progression 
and liver cancer.(38) HbA1c is particularly promising 
as an aid to liver disease risk prediction because it 
is a consistent measure of glucose control whether 
or not an individual is fasting. Additionally, a recent 
study showed that increased HbA1c was associated 
with the risk of liver fibrosis progression to HCC,(39) 
suggesting that HbA1c may aid in risk stratification 
throughout the spectrum of liver disease progression.

In conclusion, elevated HbA1c —which is a rou-
tine measure in many clinical settings—is an import-
ant metric for triggering further screening of hepatic 
fibrosis and susceptibility to liver cancer, particu-
larly among Mexican Americans. Our results urge a 
coordinated approach to the prevention and control 
of liver disease and liver cancer alongside diabetes 
in Mexican-American communities. In south Texas, 
where the burdens of liver cancer, obesity, and diabetes 
are all high, health promotion programs should be tai-
lored to use these simple tools to screen for advancing 
liver disease at a stage where it might be prevented.
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