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Abstract
Background.  Glioma incidence is 25% lower in Hispanics than White non-Hispanics. The US Hispanic population is 
diverse, and registry-based analyses may mask incidence differences associated with geographic/ancestral origins.
Methods.  County-level glioma incidence data in Hispanics were retrieved from the Central Brain Tumor Registry 
of the United States. American Community Survey data were used to determine the county-level proportion of the 
Hispanic population of Mexican/Central American and Caribbean origins. Age-adjusted incidence rate ratios and 
incidence rate ratios (IRRs) quantified the glioma incidence differences across groups. State-level estimates of ad-
mixture in Hispanics were obtained from published 23andMe data.
Results.  Compared to predominantly Caribbean-origin counties, predominantly Mexican/Central American-origin 
counties had lower age-adjusted risks of glioma (IRR = 0.83; P < 0.0001), glioblastoma (IRR = 0.86; P < 0.0001), diffuse/
anaplastic astrocytoma (IRR = 0.78; P < 0.0001), oligodendroglioma (IRR = 0.82; P < 0.0001), ependymoma (IRR = 0.88; 
P = 0.012), and pilocytic astrocytoma (IRR = 0.76; P < 0.0001). Associations were consistent in children and adults and 
using more granular geographic regions. Despite having lower glioma incidence, Hispanic glioblastoma patients from 
predominantly Mexican/Central American-origin counties had poorer survival than Hispanics living in predominantly 
Caribbean-origin counties. Incidence and survival differences could be partially explained by state-level estimates of 
European admixture in Hispanics with European admixture associated with higher incidence and improved survival.
Conclusions.  Glioma incidence and outcomes differ in association with the geographic origins of Hispanic com-
munities, with counties of predominantly Mexican/Central American origin at significantly reduced risk and those 
of Caribbean origin at comparatively greater risk. Although typically classified as a single ethnic group, appreci-
ating the cultural, socioeconomic, and genetic diversity of Hispanics can advance cancer disparities research.

Key Points

•	 The US Hispanic population is extremely diverse, but is frequently assessed as a single 
group in cancer research.

•	 Predominant county-level country of origin is significantly associated with both incidence 
and survival in glioma.
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Glioma is the most common primary malignant brain 
tumor.1 Approximately 20,000 new cases are diagnosed an-
nually in the United States, although incidence varies by sex, 
race/ethnicity, and age.1 Compared to White non-Hispanics 
(WNH), the US Hispanic/Latinx population has ~25% lower 
incidence of all glioma histologies.2 These individuals are 
pooled within cancer registry data as “Hispanic,” and we 
use this nomenclature throughout this manuscript to be 
consistent with the underlying data. However, Hispanics 
can trace their heritage to distinct geographical regions and 
are culturally and genetically diverse.3 This diversity arose 
within geographically distinct populations in the Americas 
prior to European colonization, as well as through varied 
patterns of contact with European- and African-ancestry 
populations. As a result, “Hispanics” are not only diverse 
in country of origin, but are genetically diverse in ways 
that correlate with geography.4 In general, Hispanics with 
Caribbean heritage have higher proportions of European 
and African ancestries, while those with Mexican or Central 
American heritage have higher proportions of indigenous 
American ancestry.3,5

With statistical techniques, it is possible to discern the 
approximate proportions of an individual’s genome that 
can be traced to specific continental origins, usually in a 
3-continental (Europe, Asia, and Africa) or 4-continental 
model (Europe, Asia, Africa, and the Americas). These esti-
mated proportions have previously been found to correlate 
with differential susceptibility to multiple complex traits in 
Hispanics, including cancer risk.6,7 In particular, multiple 
studies have identified that Hispanic glioma patients have 
higher estimated levels of European ancestry as compared 
to controls.8,9 These ancestry measures likely summarize 
population-level differences in the frequency of specific 
genetic variants that affect glioma risk, many of which have 
not yet been identified in prior genome-wide association 
studies in WNHs. Due to the rarity of glioma in US minority 
populations (~15% of all diagnoses), prior analyses have 
pooled Hispanics into a single group despite their substan-
tial diversity.

We sought to quantify the extent to which registry-based 
analyses may mask differences in incidence and outcomes 
associated with underlying diversity in Hispanics. Using a 
dataset covering all reported US glioma cases, we examine 
whether heterogeneity exists in Hispanic glioma risk and 
outcomes geographically, and the extent to which hetero-
geneity in incidence and outcomes correlate with predomi-
nant geographic origins.

Methods

This study was approved as part of an exempt protocol by 
the institutional review board of Duke University Health 
System. The Central Brain Tumor Registry of the United 
States (CBTRUS) analytic dataset 1,10 used for incidence 
analyses includes data from the Centers for Disease 
Control’s National Program of Cancer Registries and the 
National Cancer Institute’s Surveillance, Epidemiology, 
and End Results program. and covers ~100% of the US 
population.1,11,12 These data are derived from 51 central 
cancer registries (CCR) (50 states and Washington DC). 
The category of glioma and specific histologies were de-
fined using the CBTRUS grouping scheme.1,2 Race/eth-
nicity information is abstracted from the medical record, 
which has been shown to have high sensitivity for race and 
moderate sensitivity for Hispanic ethnicity.13,14 Ethnicity is 
further classified using the North American Association of 
Cancer Registries Hispanic Identification Algorithm, which 
utilizes a combination of fields (including medical record, 
birthplace, and race) to directly and indirectly categorize 
patients.15 While country of birth is often collected by CCR, 
these variables are not publicly released to CBTRUS.

The American Community Survey (ACS) is conducted on 
a yearly basis as a supplement to the decennial census.16 
County-level counts of the Hispanic population, reported 
origin, and Hispanic population born outside the United 
States were obtained from the ACS (2015–2019).17 These 
were used to generate percentages of national origin/ge-
ographic heritage groups and county foreign-born popu-
lation. Three pooled categories were created based on a 
priori knowledge of general admixture patterns: Mexican/
Central American, Caribbean (including Puerto Ricans, 
Cubans, and Dominicans), and all remaining origins. For 
counties estimated to have ≥1000 Hispanic residents, the 
county was categorized by predominant origin. State-level 
average proportions of European, African, and Indigenous 
American admixture among Hispanics from saliva spe-
cimens submitted to 23andMe were obtained from Bryc 
et al.18

All glioma cases diagnosed from 2000 to 2017 were iden-
tified in CBTRUS. Counties were pooled by predominant 
origin groups, and average annual age-adjusted incidence 
rates (AAAIR) with 95% confidence intervals (95% CIs) 
were generated using SEER*Stat by histology, Hispanic 
ethnicity, and combined race/ ethnicity (WNH, White 

Importance of the Study

Glioma incidence has been previously shown to be sig-
nificantly decreased in Hispanics as compared to White 
non-Hispanics. Due to the significant diversity in the US 
Hispanic population, we sought to evaluate differences 
in glioma incidence and survival associated with pre-
dominant country or region of origin.

Predominately Caribbean-origin Hispanic coun-
ties had a higher incidence of glioma as compared 
to Mexican or Central American Hispanic counties. 

Residence in a predominantly Mexican/Central 
American-origin Hispanic county was associated 
with decreased survival in glioblastoma, which ap-
pears to be partially attributable to an increased pro-
portion of European admixture. These findings reveal 
previously unexplored disparities in glioma risk and 
patient outcomes within the US Hispanic population 
and complement existing knowledge about glioblas-
toma survival.
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Hispanic, and Black Hispanic), and age groups. Incidence 
rate ratios (IRRs) were generated using AAAIR.19,20 IRRs 
were considered statistically significant when P  <  0.05. 
We applied univariate linear regression to identify signif-
icant associations with county-level incidence and propor-
tion of national origin, county median age in Hispanics, 
urban/rural continuum, estimated county socioeconomic 
status (SES),21 and state-level genetic admixture. Counties 
with <10 glioma cases or <1000 total Hispanic residents 
were excluded. Factors where P < 0.05 were combined in 
multivariable linear regression models. Sensitivity ana-
lyses were performed in 25 counties with the highest 
Hispanic population, the 1000 smallest population coun-
ties, and all remaining counties, as well as by tertiles of 
county Hispanic population that was born outside of the 
United States. We performed regression analyses and cre-
ated figures in R4.0.3.22–31

De-identified individual-level survival data were obtained 
from the U.S. Cancer Statistics program for 42 CCR (~82% 
of the United States) from 2004 to 2017, which is a subset 
of CBTRUS.32 Only adults from states with available ad-
mixture data residing in counties with ≥1000 Hispanic resi-
dents were included and followed until December 31, 2017. 
Kaplan–Meier models were used to assess survival differ-
ences, and Cox proportional hazards models were used to 
account for other potential prognostic factors. Each factor 
was tested using univariate models, after which all were 
assessed for violations of the proportional hazards as-
sumption, including visual inspection of scaled Schoenfeld 
residuals. Analyses were repeated in a subset of glioblas-
toma patients that received resection and radiation to as-
sess whether differences in healthcare access produced 
observed survival differences. Adjustment factors are 
noted in tables and figure legends.

Results

We determined the proportion of the population in each 
county identified as Hispanic (Figure 1A), classified each 
of these counties by its predominant reported origin, 
and  observed consistent patterns: counties in the West 
and Midwest having a Mexican/Central American or-
igin and Hispanic residents in Florida and the Northeast 
having a Caribbean origin (Figure 1B, Table S1). Median 
age in Mexican/Central American counties was signifi-
cantly younger than in Caribbean-origin counties (45 vs. 
52, P < 0.0001).

Using data from CBTRUS, we calculated the AAAIR of 
glioma in Hispanic individuals living in by predominant 
county origin (Mexican/Central American, Caribbean, or 
Other Hispanic). Compared to Caribbean-origin counties, 
Mexican/Central American-origin counties had a signifi-
cantly lower incidence of glioma (IRR = 0.83; P < 0.0001). 
Similar results were observed across histologies with 
Mexican/Centra American-origin counties having signifi-
cantly reduced risk of glioblastoma (IRR = 0.86; P < 0.0001), 
diffuse/anaplastic astrocytoma (IRR  =  0.78; P  <  0.0001), 
oligodendroglioma (IRR = 0.82; P < 0.0001), ependymoma 
(IRR  =  0.88; P  =  0.012), and pilocytic astrocytoma (PA) 
(IRR = 0.76; P < 0.0001) (Figure 2, Table S2). Counties with 

a predominant origin of Other Hispanic also had signifi-
cantly lower incidence (IRR = 0.91; P < 0.0001), although the 
number of counties included in this group was small and 
histology-stratified comparisons did not reach statistical 
significance. In order to assess whether these associations 
may be driven primarily by large counties, we stratified 
analyses by the 25 counties with the largest Hispanic popu-
lations, 1000 counties with the lowest Hispanic population, 
and all remaining counties (Table S3).17 Incidence rates 
were consistently lower in Mexican/Central American-
origin counties, irrespective of population size (Table S4). 
To determine whether a higher proportion of foreign-born 
population could be driving incidence differences, we di-
vided counties into tertiles of proportion of Hispanics born 
outside of the United States (1.2%–22.4%, 22.5%–34.1%, 
and 34.2%–96.1%) (Table S5). Incidence rates were consist-
ently lower in Mexican/Central American-origin counties, 
irrespective of proportion of the population that reported 
being born outside of the United States.

We next calculated age-stratified incidence rates overall 
and for specific glioma histologies. IRRs was generally 
tracked together across strata of age, with Caribbean-
origin counties consistently having higher incidence 
across all ages (Figure 3). However, the incidence of pedi-
atric glioblastoma did not vary substantially by geographic 
origin, and rates of oligodendroglioma and ependymoma 
were comparable in elderly populations across strata of 
geographic origin.

Because the above calculations necessitated discretizing 
a county by region of origin, we next performed univar-
iate regression analyses of incidence as a function of the 
proportion of Hispanic individuals reporting Caribbean or 
Mexican/Central American-origin. Increased proportion of 
Caribbean origin was associated with a significantly higher 
incidence of glioma, glioblastoma, diffuse/anaplastic 
astrocytoma, oligodendroglioma, and PA. Similarly, an 
increased proportion of Mexican/Central American-origin 
was associated with a significantly lower incidence of 
glioma, oligodendroglioma, and PA (Figure 4, Table S6). 
When regression models were run using more granular 
regions of origin, associations were generally consistent 
with those from the broader classification (Table S7). 
However, the magnitude of the association with Cuban 
origin was substantially stronger than with Puerto Rican 
origin. Mexican origin was associated with a decreased in-
cidence across all histologies, but Central American origin 
was associated with modestly increased incidence of sev-
eral lower grade histologies, although only the association 
with ependymoma reached statistical significance.

Cancer registration procedures vary by state. To assess 
whether completeness of registry data associate with 
the residential composition of counties and confound re-
sults, we evaluated whether the proportion of Caribbean 
or Mexican/Central American origin was associated with 
incidence among WNHs. We observed little association 
between county-level incidence among WNHs and the 
geographic origin (Tables S8 and S9), suggesting that as-
sociations between county-level differences in incidence 
and geographic origin are likely unrelated to registry 
quality. We repeated these analyses stratified by county 
size, and found they were again consistent within the top 
25 Hispanic population counties and smaller counties, 
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although P-values were slightly attenuated due to reduced 
sample size (Table S10).

Although county-level estimates of genetic admixture 
have not been published, averages of European, African, 
and indigenous American admixture among self-identified 
Hispanics are available at the state level.3 We observed a 
significant positive correlation between the county-level 
percentage of Mexican/Central American origin and state-
level estimates of indigenous American admixture, and a 
negative correlation with state-level estimates of African 
and European admixture. Conversely, we observed a sig-
nificant positive correlation between the county-level per-
centage of Caribbean origin and state-level estimates of 
African and European admixture, and a negative corre-
lation with state-level estimates of indigenous American 
admixture (Figure S1). We also observed that state-level 
indigenous American admixture was associated with sig-
nificantly lower county-level incidence, while state-level 
African and European admixture were associated with 
significantly higher county-level incidence (Figure S2). 
In multivariate models, the proportion of Caribbean or 
Mexican/Central American origin remained positively and 

negatively associated with county-level incidence, respec-
tively, although associations with geographic origin were 
attenuated when accounting for state-level admixture esti-
mates (Figure 4, Tables S5 and S6).

Individual-level survival data were available for a subset 
of 7829 Hispanic patients (56% glioblastoma) (Table S10). 
Median survival was shorter in Mexican/Central American-
origin counties than Caribbean-origin counties (12 vs. 
13 months), and a proportion of Mexican/Central American 
origin was associated with poorer overall survival (Figure 
5A). Multivariable Cox proportional hazards models re-
vealed significant associations between poorer glio-
blastoma survival and elevated county-level proportion 
Mexican/Central American origin (Table S11). When ana-
lyses were limited to glioblastoma patients receiving resec-
tion and radiotherapy, associations with Mexican/Central 
American origin persisted after adjustment for European 
and indigenous American admixture among Hispanics 
(Figure 5B, Table S12). Because these associations may 
be attributable to structural barriers to neuro-oncology 
care not captured by SES or receipt of surgery/radio-
therapy, we assessed whether Mexican/Central American 

  

Alaska Hawaii Washington DC

Proportion of county
population identifying as

Hispanic

0% 25% 50% 75% 100%

Alaska Hawaii Washington DC

Majority reported hispanic
population

Caribbean

Mexican/Central 
American

Other

A

B

<1000 Hispanic residents

Caribbean origin includes Cuba, Puerto Rico, Dominican Republic. other origin includes South America and Spain.
(Data are 5-year averages (2015−2019) from the American community survey.

Fig. 1  (A) Proportion of US county population identifying as Hispanic. (B) Predominant reported Hispanic origin in US counties with ≥1000 re-
ported Hispanic residents. Caribbean origin includes Cuba, Puerto Rico, and Dominican Republic. Other origin includes South America and Spain 
(data are 5-year averages [2015–2019] from the American Community Survey).
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Fig. 2  Incidence rate ratios and 95% CI of all glioma and specific glioma histologies in US Hispanics living in predominantly Mexican/Central 
American counties, as compared to Hispanics living in predominantly Caribbean-origin counties (CBTRUS: data provided by CDC’s National 
Program of Cancer Registries and NCI’s Surveillance, Epidemiology and End Results Program, 2000–2017).
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Fig. 3  (A) Age-stratified AAAIR and 95% CI of all glioma and specific glioma histologies in Hispanics, by predominant county-level region of 
origin. (B) Age-stratified IRR for Hispanics living in predominantly Mexican/Central American-origin counties compared to predominantly 
Caribbean-origin counties as the reference (CBTRUS: data provided by CDC’s National Program of Cancer Registries and NCI’s Surveillance, 
Epidemiology and End Results Program, 2000–2017).
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origin was associated with glioblastoma survival among 
WNHs. Although WNHs from Mexican/Central American-
origin counties also experienced poorer survival, the 
magnitude of the association was more modest than in 
Hispanics (Table S12). Survival associations in lower grade 
gliomas complemented these results, with individuals 
from counties with higher Caribbean origin having better 
survival in univariate analyses, but was only significant in 
multivariable Cox models in diffuse astrocytoma and oli-
godendroglial tumors (Tables S13 and S14).

Discussion

Glioma incidence varies globally, with the highest rates 
observed in the United States, Canada, Australia, and 
Northern Europe.33 Within the United States, glioma in-
cidence varies substantially by race/ethnicity, with a con-
sistent elevated incidence in WNH observed in all ages 
and across primary histologic groupings.2,34 Despite this, 
diversity among Hispanics has frequently been neglected 
in glioma research.35 Cancer registry data typically pool 
Hispanics and do not enable more granular analysis by 
geographic origin, as appropriate population data are not 
available to calculate incidence rates. Aggregating hetero-
geneous populations may obscure meaningful differences 
in incidence and outcomes. This has previously been ob-
served in colorectal cancer, where Americans of Cuban 
and Puerto Rican descent have a higher incidence than 
Americans of Mexican descent.36 We investigated inci-
dence differences associated with the underlying Hispanic 
geographic origin of glioma patients using data from 
CBTRUS (~100% of reported cases in the United States) 

and observed that Hispanic glioma incidence differs sig-
nificantly in association with the geographic origins, as 
did glioblastoma survival. Specifically, the incidence was 
lower but survival poorer in Mexican/Central American-
origin counties, and incidence was higher but survival 
better in Cuban, Puerto Rican, and/or Dominican counties. 
These results were generally consistent across counties 
with larger and smaller populations, as well as across age 
and histologies.

Hispanics share many common cultural attributes that 
may differ from those of WNH and Black non-Hispanics.37 
Hispanics are genetically admixed with European, African, 
and indigenous American genomic contributions that 
differ in proportion across populations.3 Although often 
classified as a single ethnic group, Hispanics are not a 
monolithic group. Cultural, SES, and genetic heterogeneity 
underscores a varied array of American experiences and 
merits more granular approaches. While Hispanics gener-
ally have a lower cancer incidence than WNHs for common 
cancer sites, they experience a higher incidence of leu-
kemia, cervical, liver, and stomach cancers.38,39 Reported 
cancer statistics may mask variation, specifically those re-
lated to geographic origin and associated with underlying 
cultural/ancestral differences that can influence health be-
haviors and genetic predisposition.

Our observation that Hispanic residents from Caribbean-
origin counties have an ~20% higher incidence of glioma 
than those from Mexican/Central American-origin counties 
may be explained by population-level differences in the 
frequency of specific genetic or environmental risk factors. 
Given consistent IRRs across age groups and histologies, 
a single exposure that could account for such differences 
would necessarily be a risk factor for diverse glioma sub-
types and for both pediatric and adult glioma. Although 
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many potential risk factors have been investigated for as-
sociation with glioma risk, the only confirmed modifiable 
factor is ionizing radiation exposure, which accounts for an 
extremely small proportion of overall risk.40,41

Previous case–control studies of childhood ependymoma 
and of adult glioma have identified an increased European 
genetic admixture as a risk factor in both Hispanics and 
African Americans.8,9 Given the strong association between 
Hispanic country of origin and genetic admixture, it seems 
plausible that genetic ancestry may contribute to observed 
incidence differences. Hispanics with Caribbean origin 
are known to have higher European and higher African 
admixture than those from Mexico/Central America.3–5 If 
European admixture confers glioma risk, this would be 
consistent with the direction of effect observed in our ana-
lyses, wherein Caribbean-origin counties had a higher in-
cidence than Mexican/Central American-origin counties. 
Importantly, glioblastoma survival is also better in African 
Americans and Hispanics than WNHs, and it has been hy-
pothesized that elevated European ancestry may nega-
tively impact glioblastoma survival.2 However, our data 
show that while counties with increased Caribbean and 
decreased Mexican/Central American origins have higher 
incidence, they also have better outcomes. This poor sur-
vival association with higher Mexican/Central American 
origin was robust to adjustment for state-level admixture. 
Univariate analyses showed improvements in survival 
with higher state-level African and European admixture, 
but these were not significant in the multivariable model. 
While elevated European admixture appears to contribute 

to increased glioma risk among both WNH and Hispanics 
of Caribbean origin, it may not be completely driving ob-
served survival differences.

Because counties may have fundamental underlying 
differences in the quality of cancer reporting and neuro-
oncology care, we assessed whether WNHs living in these 
counties experienced significant differences in incidence 
and survival. We did not observe strong evidence of this as 
an explanation for our results, particularly for differences 
in incidence, although it remains possible that structural 
inequalities limit the precision of our effect estimates.

Prior research has recognized a “Hispanic paradox,” 
wherein Hispanics have lower mortality than would be 
expected based on reduced SES and healthcare access. 
A prior analysis across all cancer types identified no sur-
vival advantage in Hispanics relative to WNHs, with the 
poorest survival among US-born and foreign-born individ-
uals of Mexican origin.42 In our analysis, the county-level 
proportion of foreign-born Hispanics was significantly 
associated with improved survival in both univariate and 
multivariate models (Tables S11 and S12). This may be at-
tributable to follow-up limitations of cancer registries in 
foreign-born individuals with a greater propensity to leave 
the country after diagnosis, but may also suggest that un-
measured individual or environmental factors associated 
with immigration may also play a role in improved out-
comes for individuals with glioma.

A primary limitation of our study is a reliance on cancer 
registry data that currently lack molecularly-stratified 
glioma subgroups corresponding to current WHO 
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classification schemes. However, the consistency of as-
sociations across age and histology may minimize its im-
pact. There is no central pathology review in the data used 
for this analysis, and histology reflects assignment by 
the diagnosing pathologist. Race is abstracted from the 
medical record, while Hispanic ethnicity is both collected 
and assigned via an algorithm. As a result, there may be 
some errors in the assignment of these variables. Region 
of origin may influence whether individuals receive their 
cancer diagnosis and care in the United States, which 
may further contribute to a lower incidence in Mexican/
Central American counties. Another limitation of our study 
is its reliance on county- and state-level estimates as a 
proxy for individual-level data, which will misclassify the 
origin of some reported cases as a result. However, sev-
eral limitations of the ecological nature of our study were 
minimized in the survival analyses, as these were done 
using individual-level data and only relied on county-
level estimates for assigning the likeliest geographic or-
igin. Combined with emerging data from other studies, 
our results highlight the value of collecting more granular 
ethnicity data to better understand cancer etiology and 
outcomes.

While prior research has demonstrated significantly 
reduced glioma incidence and improved survival in 
Hispanics relative to WNHs, our results substantially ex-
tend these findings and reveal clear differences based on 
region of origin. The lower incidence observed in predom-
inantly Mexican/Central American-origin counties relative 
to predominantly Caribbean-origin counties was generally 
consistent across ages and histologic groups. These differ-
ences may be attributable to an unequal prevalence of un-
derlying risk factors, but the dearth of glioma-associated 
environmental and lifestyle exposures makes this un-
likely. It remains possible that the prevalence of rare, 
high-penetrance germline, or somatic driver mutations un-
derlying gliomagenesis may differ across Hispanic popu-
lations.43,44 With increased attention given to disparities 
in cancer incidence and outcomes, our analyses highlight 
that the cultural, socioeconomic, and genetic diversity 
of Hispanics merits a more detailed assessment when 
investigating population-level cancer disparities.
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