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Abstract

Background: Racial/ethnic minorities are more likely than non-Hispanic whites (NHW) to 

be diagnosed with advanced stage hepatocellular carcinoma (HCC). We examined the role of 

neighborhood disadvantage as a mediator of the association between race/ethnicity and HCC stage 

at diagnosis.

Methods: We used data from HCC cases diagnosed in Texas from 2007 to 2015. HCC cases 

were classified as local versus regional/advanced stage. A mediation model approach was used to 

estimate the average direct effect, average mediated (indirect) effect, total effect, and proportion 

mediated by the Area Deprivation Index (ADI), a composite measure of disadvantage.

Results: 7,622 had local while 6303 had regional/advanced HCC. 46.1% of cases were NHW, 

15.0% non-Hispanic Black (NHB), and 38.9% Hispanic. NHBs were less likely than NHWs to be 

diagnosed with local stage HCC [total effect RR, 0.921; 95% confidence interval (95% CI), 0.898–

0.947]; however, only 2.26% of this effect was mediated through ADI. Conversely, Hispanics were 

more likely than NHWs to be diagnosed with local stage HCC (total effect RR, 1.019; 95% CI, 

1.001–1.037) and ADI mediated 12.56% of the effect of race/ethnicity on HCC stage. ADI was not 
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associated with HCC stage and therefore was not a mediator of the association with HCC stage 

when we compared Hispanics with NHBs.

Conclusions: Neighborhood socioeconomic disadvantage may explain/mediate some of the 

association between race/ethnicity and HCC stage; however, the mediating effect was not uniform 

across populations.

Impact: For NHBs, other individual and neighborhood level factors, not reflected in the ADI, 

contribute to their lower likelihood of being diagnosed with local HCC.

Introduction

Hepatocellular carcinoma (HCC) is an increasingly important health problem in the United 

States. HCC incidence rates increased 3-fold between 1975 and 2014 (1), and rates continue 

to rise (2, 3). A highly fatal disease, HCC has nearly identical incidence and mortality 

rates and has the fastest increasing cancer-related mortality rate among all solid tumors in 

the United States (4). HCC incidence and mortality rates vary by race/ethnicity (5), with 

Hispanics and African Americans disproportionately affected compared with non-Hispanic 

whites in the United States (3). Hispanics in Texas, especially south Texas, have the highest 

HCC rates in the United States (6). Despite advances in diagnosis and treatment, most 

patients with HCC present with advanced disease and have low survival (5-year survival 

<20%; ref. 7). Compared with non-Hispanic whites with HCC, 5-year survival rates are 

significantly lower for African Americans and higher for Asian and Pacific Islanders (5).

Reasons for the greater burden of HCC in minority populations are multifactorial, including 

genetic susceptibility (8, 9), differences in the prevalence or severity of known risk factors 

for HCC [e.g., hepatitis C virus (HCV) infection, hepatitis B virus (HBV) infection, alcohol, 

obesity, diabetes, NAFLD, smoking; refs. 10–12], or disparities in prevention and treatment 

of HCC (13). In recent years, in the United States, renewed attention has been directed 

toward the significance of the social determinants of health (SDoH) in health disparities. 

The SDoH potentially have significant impact on HCC outcomes and its risk factors, 

and they may influence healthcare accessibility, healthcare quality, adherence to provider 

prescriptions, and mortality. Together, HCC, its precursor, cirrhosis and risk factors, and 

the continuum of care patients undergo are complex, multifaceted, and multifactorial, 

and they can be organized under three major domains of etiologic agents: proximal, 

intermediate, and distal. Proximal determinants operate at the individual level (e.g., genetic 

makeup, sex, race/ethnicity, or personal income), while intermediate determinants include 

the socioenvironmental context within which an individual experience their routine/daily 

activities (e.g., neighborhood social environment and neighborhood physical environment) 

and distal determinants include policies that affect the availability, receipt of, and quality of 

healthcare. Given the fact that residential neighborhood-level socioeconomic disadvantage 

has both direct and indirect effects on health (14–16), including cancer outcomes, the SDoH 

are best operationalized as intermediate determinants that are measured at the neighborhood 

level.

There is some evidence that SDoH are associated with risk for HCC, both overall and 

within racial/ethnic subgroups of the population (17, 18). To date, we are aware of few 
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epidemiologic studies that focused on the roles of SDoH in stage of HCC at diagnosis, 

though other more common cancers have been examined. For breast cancer, neighborhood-

level socioeconomic disadvantage, along with other measures of SDoH, plays an important 

role in stage at diagnosis, especially for immigrants (19). Similar findings have been 

observed for late-stage prostate cancer (20). As with other screening-sensitive cancers, the 

emphasis in case of HCC would be on the availability and use of surveillance (involving 

frequent imaging and measurement of serum alpha-fetoprotein among those considered 

high risk, predominantly cirrhosis) to detect HCC at an early stage. Therefore, disparities 

in making a diagnosis of risk factors (HCV, HBV, NAFLD) would lead to dipartites in 

identifying cirrhosis, and these would lead to less surveillance altogether or less follow up 

surveillance with use of definitive tests (e.g., CT, MRI, and biopsy), eventually causing 

disparities in HCC stage at diagnosis.

In the current analysis, we used the Area Deprivation Index (ADI), a measure of 

neighborhood disadvantage, to determine if neighborhood socioeconomic disadvantage 

mediates the relationships between race/ethnicity and the stage of HCC at diagnosis. 

Socioeconomic disadvantage can be used as a measure of place-based (or, neighborhood) 

stressors, incorporating important aspects of poverty, low educational attainment, 

substandard housing, and lack of employment opportunities (21, 22). The ADI is a 

composite area-based index that can be applied as a proxy for socioeconomic status 

(23). It has been associated with disease risk factors (24), healthcare utilization (25), and 

disparities in healthcare (26). We hypothesized that the magnitude and significance of the 

race/ethnicity-HCC stage relationships will change significantly depending upon the value 

of the neighborhood ADI measure (mediator).

Methods

Study population

Our study population and accompanying data were drawn from two major sources: The 

Texas Cancer Registry (TCR) and the U.S. Census Bureau (U.S. Census). The TCR 

provided data on individual patients that were diagnosed with first primary HCC in Texas 

between 2007 and 2015. We chose 2007 to 2015 dates to match the TCR individual-level 

data with the U.S. Census data that were used to compute ADI. We excluded 3570 subjects 

with missing HCC stage and 2 transsexual subjects from the analysis. Furthermore, we 

restricted our analyses to non-Hispanic whites, non-Hispanic Blacks and Hispanics because 

of low numbers of patients from other racial/ethnic subgroup (we excluded 936 patients 

from other racial/ethnic subgroups or who had missing race/ethnicity). This left 13,925 

individuals for the primary analysis. The protocols for this study have been reviewed and 

approved by the Committee for the Protection of Human Subjects at the Baylor College of 

Medicine (IRB #: H-43274) and the Texas Cancer Registry (IRB #: 18–032).

Measures and data sources

Dependent measure: HCC stage at diagnosis—The TCR data contains individual-

level data with verified HCC diagnosis. We received SEER Summary Stage for all patients 

with HCC and created a binary outcome variable for this mediation analysis and compared 
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local stage patients with a combined group of regional and advanced stage patients because 

knowing about the determinants of local stage may be particularly valuable in terms 

of increasing early detection rates and by providing curative therapeutic interventions to 

individuals diagnosed with HCC.

Independent measure: race/ethnicity—The TCR database included separate variables 

characterizing the self-reported primary race and Spanish/Hispanic origin for individual 

participants. We used these two variables to recategorize patients as non-Hispanic white, 

non-Hispanic Black and Hispanic. We compared the HCC stage distributions and examined 

for mediation by ADI between (i) non-Hispanic whites and non-Hispanic Blacks; (ii) non-

Hispanic whites and Hispanics; and (iii) non-Hispanic Blacks and Hispanics.

Potential mediator: ADI—The ADI is a composite measure of “neighborhood” 

socioeconomic disadvantage that is based on 17 U.S. Census indicators from the following 

four categories: poverty, housing, employment, and education (27, 28). To assemble the 

17 U.S. Census indicators, we used the U.S. Census American Community Survey (ACS) 5-

year Estimates data that were summarized to the census tract (neighborhood) level. The ACS 

is a nationwide survey that collects and produces information on social, economic, housing, 

and demographic characteristics about the U.S. population every year (29). To properly 

align individual-level data with neighborhood-level, we used two non-overlapping ACS 

versions. Therefore, data from the 2007 to 2011 ACS Estimates were assigned to individuals 

diagnosed with HCC between 2007 and 2011, while 2012 to 2016 ACS Estimates’ data 

were assigned to those diagnosed between 2012 and 2015. The research data file from the 

TCR included location reference data for each HCC patient; these were longitude (X) and 

latitude (Y) coordinate points. We used overlay analysis in ArcGIS Pro 2.2 (Esri, Redlands, 

CA) to assign the ADI score of any census tract to the participants whose X, Y coordinates 

were located inside the tract. To compute ADI scores for all the census tracts in Texas, 

similar to our previous efforts (28), we specifically followed the steps described in detail 

by Knighton and colleagues (23). First, we calculated a base score for each census tract in 

Texas (N = 5,265) by multiplying each census indicator with the applicable Singh coefficient 

for that indicator (23). The overall base score was the sum of the 17 weighted measures. 

The base score for each census tract was thereafter converted to a standardized score such 

that the eventual ADI scores for Texas census tracts ranged from −31.8 (minimum) to 128.6 

(maximum). Higher ADI score indicates a more deprived census tract. See Supplementary 

Table S1 for related data.

Description of the mediation model—The proposed mediation model for this analysis 

is shown in Fig. 1. Race/ethnicity represents the predictor (X), stage of HCC at diagnosis 

was the outcome (Y), and ADI was the mediator (M). The effect of race/ethnicity on 

local stage of HCC at diagnosis was considered as the mediator-unadjusted effect or total 

effect (c). Comparing each racial/ethnic group, we determined the direct effect (c’) of the 

mediator-adjusted (i.e., ADI) race/ethnicity has on local stage of HCC. The indirect effect 

(ab) of race/ethnicity was captured through the combination of the effect of race/ethnicity 

on ADI (a) and the effect of the race/ethnicity-adjusted ADI on local stage of HCC (b). A 

mediation effect was considered present when the total effect (c) and indirect effect (ab) was 
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statistically significant and the direct effect (c’) was smaller than the total effect (c). Partially 

or fully mediated effects were determined by direct effect significance (i.e., significance 

indicates a partially mediated effect). We hypothesized that the magnitude of the mediating 

effect depended on some moderators. Particularly, we accounted for age at HCC diagnosis 

and primary payer/insurance carrier at HCC diagnosis (uninsured, any Medicaid, insured, 

insured no specifics, and insurance status unknown) in the outcome and mediator models. 

Additionally, we adjusted for the clustering effect due to the data being collected from the 

same census tract by adding a random intercept effect in the mediator regression model. For 

a binary and common outcome, we fitted a log linear model for stage of HCC,

log P Y = 1 X = x, M = m, C = c = θ0 + θ1x + θ2m + θ3xm + θ4′c (A)

where Y = Stage of HCC at diagnosis, X = Race/Ethnicity, M = ADI, and C = vector of 

additional covariates. For a continuous mediator variable, we used a linear mixed model,

M X = x, C = c = β0 + β1x + β2c + υj (B)

where A = Race/Ethnicity, M = the continuous ADI variable, C = the additional covariates, 

and υj ~ N(0, D) is a random intercept that reflects the residual variability for each 

census tract. The outcome and mediator models helped calculate the point estimates, 95% 

confidence intervals (CI), and the P value for the average direct effects, the average indirect 

effects, total effect, and average proportion mediated. For simplicity, we contrasted specific 

race/ethnicity categories to compare one of these group to another. The direct effects are 

easily interpreted as relative risk (RR). Interactions between race/ethnicity and ADI were 

also tested for in the models.

Statistical analysis—Descriptive analyses were conducted for the entire study population 

using a combination of statistical software’s including R 3.6.2. and SAS 9.4. χ2 tests and 

independent t tests were used to compare individual characteristics across stage of HCC 

for categorical and continuous variables, respectively. We also reported the association 

between (i) the outcome and predictor, (ii) the outcome and mediator; and (iii) the mediator 

and predictor in a series of tables. These steps help support the possible mediating effect 

of ADI on the relationship of race/ethnicity with local stage of HCC at diagnosis. To 

estimate the causal mediation effects, the mediate function was utilized in the mediation R 

package by a quasi-Bayesian Monte-Carlo Simulation approximation (simulations = 1,000; 

ref. 30). The simulation based approach (31) allowed us to consider a more complex 

model that accounted for (i) a multi-level predictor variable (i.e., race/ethnicity) and (ii) a 

mediator linear mixed model for the group-level variable, ADI. Using the models specified 

in equations (A) and (B), we estimated the average direct effect, average mediated (indirect) 

effect, total effect, and proportion mediated. Finally, we performed analyses stratified by 

sex (males vs. females), age group (≤65 vs. >65 years) and urbanicity (rural vs. urban) to 

examine for potential effect modification. All significance tests were conducted at the 0.05 

α-level.

Data availability statement—The datasets used and/or analyzed during this study are 

available from the corresponding author on reasonable request.
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Results

Table 1 presents select characteristics of the 13,925 patients with HCC included in the 

analyses. The average age of the participants was 62.7 years (SD = 10.8), 75.9% were 

male, 46.1% non-Hispanic whites, 15.0% non-Hispanic Blacks, and 38.9% Hispanics. 

Approximately one-quarter of patients were insured (24.3%), 50.8% had any type of 

Medicaid, and 14.1% were uninsured. Among all patients, the average ADI was 103.9 (SD = 

17.2).

Of all the individuals included, 7,622 (54.7%) had local HCC while 6303 (45.3%) had 

regional/advanced HCC (Table 1). Compared with patients with regional/advanced HCC, 

patients with local HCC were older (P < 0.001) and more likely female (P < 0.001) but 

were less likely to be uninsured (P < 0.001). Importantly, we found a statistically significant 

association between race/ethnicity and stage of HCC (P < 0.001; step 1 satisfied), such 

that, for example, non-Hispanic Blacks were more likely to have regional/advanced HCC at 

diagnosis than non-Hispanic whites. Patients with regional/advanced HCC at diagnosis were 

more likely to live in more deprived areas (i.e., areas with a higher ADI on average) than 

patients with local HCC (P = 0.002; step 2 satisfied; Table 1). Compared with non-Hispanic 

whites, non-Hispanic Blacks and Hispanics lived in an area with higher ADI (108.7, and 

109.3 vs. 97.9; P < 0.001; step 3 satisfied; Table 2; Supplementary Table S2). Primary payer/

insurance carrier was also associated with ADI (P < 0.001) and race/ethnicity (P < 0.001); 

highest average ADI was observed among uninsured patients and lowest among insured 

patients. However, sex was not associated with ADI. All individual Census indicators 

differed between patients with local versus regional/advanced HCC (Table 1).

Two statistical models were constructed for the mediation analysis. Interaction terms 

between ADI and race/ethnicity group were not statistically significant and were dropped 

from the models. All estimates are adjusted by age and primary payer/insurance carrier. The 

mediating analysis results are presented in Table 3 by race/ethnicity and illustrated in Fig. 

2. The direct, indirect, and total effects were statistically significant when comparing non-

Hispanic Blacks versus non-Hispanic Whites, and Hispanics versus non-Hispanic Whites.

Overall, non-Hispanic Blacks were almost 10% less likely than non-Hispanic whites to be 

diagnosed with local stage HCC (total effect RR, 0.921; 95% CI, 0.898–0.947). Only 2.26% 

of this effect was mediated through ADI, leading to a direct effect RR of 0.923 (95% CI, 

0.899–0.949). Conversely, ADI mediated 12.56% of the effect of race/ethnicity on HCC 

stage for the analysis comparing Hispanics and non-Hispanic whites. Hispanic patients were 

slightly more likely than non-Hispanic whites be diagnosed with local HCC (direct effect 

RR, 1.021; 95% CI, 1.002–1.039) after adjustment for the indirect effect of ADI. In both 

these analyses, higher index deprivation (i.e., ADI) was associated with lower likelihood of 

being diagnosed with local HCC. When contrasting non-Hispanic Blacks with Hispanics, 

the average mediating effect was not statistically significant (P = 0.1040), indicating that 

ADI was not associated with HCC stage (and there is not a mediating effect of ADI) 

when examined among only Hispanics and African Americans (Fig. 2C). On average, 

non-Hispanic Blacks were 10% (RR, 0.904; 95% CI, 0.881–0.927) less likely than Hispanics 

to be diagnosed with local HCC.
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As shown in Supplementary Tables S3–S5, the mediating effect of ADI on associations 

of race/ethnicity with local HCC stage at diagnosis were consistent across subgroups 

defined by sex, age group, and urbanicity, respectively. In all subgroups, ADI had a greater 

mediating effect on the association with HCC stage when comparing Hispanics with non-

Hispanic whites than when comparing non-Hispanic Blacks with non-Hispanic whites.

Discussion

The main findings from this population-based study of HCC in Texas are that (i) stage 

at HCC diagnosis varied by race/ethnicity, with non-Hispanic Blacks less likely than non-

Hispanic whites and Hispanics to be diagnosed with local HCC; (ii) higher neighborhood-

level disadvantage was associated with lower likelihood of being diagnosed with local HCC; 

and (iii) neighborhood-level disadvantage had a greater mediating effect on the association 

between race/ethnicity and HCC stage when we compared Hispanics with non-Hispanic 

whites (12.56%) than when we compared non-Hispanic Blacks with non-Hispanic whites 

(2.26%). These findings emphasize the important roles of race/ethnicity and socioeconomic 

disparities in HCC stage at diagnosis, but also highlights that those factors (individual and 

social) that explain racial/ethnic disparities in HCC stage are not uniform among minority 

populations.

For patients diagnosed with HCC, cure is possible in only a small proportion (<10%) 

of patients whose cancer is detected early and who receive a successful liver transplant 

or surgical resection (32). Despite a recent increase in palliative treatments for HCC, 

including local ablation, radiation, and systemic immunotherapy, the overall prognosis is 

dismal (overall 5-year survival <20%) because these treatments are non-curative and their 

palliative effect is short lived (33). Therefore, primary and secondary prevention, including 

early detection, is the only realistic way of reducing the burden of HCC mortality. However, 

primary prevention and early detection of HCC need to identify and target high-risk 

individuals for interventions to be effective and cost-efficient.

Others have established associations between residing in disadvantaged neighborhoods 

and a host of health outcomes (16, 34–37). Many, especially in Western Europe have 

used different types of geographic-based deprivation indexes as a proxy for individual’s 

socioeconomic condition, and applied knowledge gained to their health sector (38). The use 

of such indexes in the U.S. health sector is limited (39, 40) but growing (23, 41). Our study 

joins recent and growing research examining various aspects of the relationships between 

neighborhood-level demographic and socioeconomic factors and HCC outcomes in general 

(42, 43), and the handful doing so through spatial analytics approaches (44, 45).

While the race/ethnicity-HCC stage link is well-established, arguably, most studies have 

examined the association in isolation of neighborhood-level socioeconomic deprivation. 

However, since the 2000s, scholars have continued to emphasize the importance of a 

systems-oriented multilevel framework for addressing cancer health outcomes. Indeed, over 

the last decade, many have argued for and validated the importance of examining the 

impact of “place-based” socioenvironmental factors on health outcomes, including obesity 

and cancer (46, 47). In this regard, the places where people live, work, and play are 
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frequently considered, though the residential neighborhood is mostly studied. Furthermore, 

race/ethnicity is a social construct and racism (including residential segregation) are the 

structural forces leading to large inequities, including those that impact cancer stage at 

diagnosis and cancer mortality.

In our study, we found that non-Hispanic Blacks were less likely than non-Hispanic whites 

to be diagnosed with local HCC; however, despite increasing ADI being associated with 

lower likelihood of local stage, ADI did not have a meaningful mediating effect on this 

association in analyses comparing non-Hispanic Blacks with non-Hispanic whites. On the 

other hand, and contrary to our hypotheses, we found that Hispanics were more likely 

than non-Hispanic whites to be diagnosed with local HCC. Nonetheless, the direction and 

magnitude of the indirect effect (through ADI) was the same as for the non-Hispanic Black 

vs. non-Hispanic white analysis, and that the mediating effect of ADI was more striking 

at over 12%. These findings of differential effects of ADI on race/ethnicity-HCC stage 

associations are similar to our findings in ongoing and published work on the ADI and 

several health outcomes. Here, as previously noted (48), our findings indicated that the 

underlying causes of disparities in health outcomes among racial/ethnic sub-populations in 

the United States derive from relationships among social structure, cultural norms, racial 

prejudices, and socioeconomic factors. For example, the limited mediating role of the ADI 

among non-Hispanic Blacks suggests that, potentially, certain non-socioeconomic factors 

may be of greater importance among non-Hispanic Blacks compared with Hispanics, at least 

in terms of HCC stage of diagnosis. Indeed, several authors have argued that allostatic load 

burden (49) among non-Hispanic Blacks, independent of socioeconomic status and health 

behaviors, contribute significantly to the disproportionally higher risks for negative health 

outcomes in non-Hispanic Blacks (50, 51). Another neighborhood-level factor not captured 

by the ADI but could be significant to the current topic is a measure of racial segregation. Of 

relevance, even when accounting for differences in socioeconomic status, one study found 

that that neighborhoods with highest (relative to lowest) Black racial concentration had 

higher relative risk of late HIV diagnosis among men and women independent of income 

inequality and socioeconomic deprivation (52). Overall, knowledge about the significant 

factors along the pathway between race/ethnicity and HCC diagnosis is useful for planning 

effective interventions for more local HCC diagnoses. However, additional studies with 

measures of, for example, racial segregation, social structure, norms, and prejudices are 

needed for interventions to be impactful.

Strengths of this analysis include the large sample size and that it is a population-

based assessment of racial/ethnic disparities in HCC in Texas, one of the most racially, 

ethnically, and geographically diverse states in the United States. We used population-based 

registry data for case identification and obtained information about a patient’s cancer 

diagnosis, residency at diagnosis, insurance status, and other demographic characteristics 

that limited potential for selection and recall biases. In addition, to our knowledge, this 

is the only available study to date, investigating the mediating effect of neighborhood-

level socioeconomic disadvantage (ADI) on the long-established relationship between race/

ethnicity and HCC stage at diagnosis. However, our study has some limitations. We limited 

our analyses to non-Hispanic whites, non-Hispanic Blacks, and Hispanics due to smaller 

numbers of cases among other racial/ethnic subgroup of the population. The cancer registry 
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design meant that we had limited individual level patient data, including other factors that 

may predispose to the development of HCC and impact access to care and stage of HCC 

diagnosis. As such, we were not able to investigate the effects of these potential confounders 

on our analyses.

In conclusion, this large registry-based study provides evidence that race/ethnicity is 

associated with HCC stage at diagnosis. We showed that neighborhood socioeconomic 

disadvantage may explain/mediate some of this association; however, the mediating effect 

is not uniform across minority populations. For non-Hispanic Blacks, other individual and 

neighborhood level factors, not reflected in the ADI, contribute to their lower likelihood of 

being diagnosed with local HCC compared to non-Hispanic whites and Hispanics. Further 

research is needed among the non-Hispanic Black population, who have disproportionately 

high rates of HCC, to identify HCC cases earlier and reduce HCC mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Proposed mediation model to estimate the effect of race/ethnicity on stage of HCC. The 

effect of race/ethnicity on stage of HCC is represented by the total effect (c). The direct 

effect (c′), and indirect effect (ab) are the effect of race/ethnicity has on stage of HCC and 

the effect of race/ethnicity on stage of HCC through ADI, respectively.
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Figure 2. 
A–C, represent the results of ADI mediating on the relationship of stage of HCC and 

NHW/NHB, H/NHW, and NHB/H, respectively. The relative risk (RR) and 95% confidence 

interval are given for the direct, indirect, and total effects.
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Table 2.

Mean (SD) ADI by subpopulations for HCC cases diagnosed in Texas between 2007 and 2015.

Variables N ADI P

Sex 0.746

 Male 10,572 103.89 (17.23)

 Female 3,353 104.00 (16.93)

Race/ethnicity <0.001

 Non-Hispanic white 6,425 97.85 (19.30)

 Non-Hispanic black 2,082 108.67 (13.07)

 Hispanic 5,418 109.29 (12.97)

Primary payer/insurance carrier <0.001

 Uninsured 1,968 106.29 (15.63)

 Any Medicaid 7,074 104.86 (16.73)

 Insured 3,382 100.62 (18.55)

 Insured, no specifics 965 104.43 (16.13)

 Insurance status unknown 523 102.65 (18.04)
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