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Abstract
Purpose Disparities in cognitive function among racial and ethnic groups have been reported in non-cancer conditions, but 
cancer-related cognitive impairment (CRCI) in racial and ethnic minority groups is poorly understood. We aimed to synthe-
size and characterize the available literature about CRCI in racial and ethnic minority populations.
Methods We conducted a scoping review in the PubMed, PsycInfo, and Cumulative Index to Nursing and Allied Health 
Literature databases. Articles were included if they were published in English or Spanish, reported cognitive functioning in 
adults diagnosed with cancer, and characterized the race or ethnicity of the participants. Literature reviews, commentaries, 
letters to the editor, and gray literature were excluded.
Results Seventy-four articles met the inclusion criteria, but only 33.8% differentiated the CRCI findings by racial or ethnic 
subgroups. There were associations between cognitive outcomes and the participants’ race or ethnicity. Additionally, some 
studies found that Black and non-white individuals with cancer were more likely to experience CRCI than their white coun-
terparts. Biological, sociocultural, and instrumentation factors were associated with CRCI differences between racial and 
ethnic groups.
Conclusions Our findings indicate that racial and ethnic minoritized individuals  may be disparately affected by CRCI. Future 
research should use standardized guidelines for measuring and reporting the self-identified racial and ethnic composition of 
the sample; differentiate CRCI findings by racial and ethnic subgroups; consider the influence of structural racism in health 
outcomes; and develop strategies to promote the participation of members of racial and ethnic minority groups.

Keywords Cancer · Race · Ethnicity · Cognitive function · Healthcare disparities

Introduction

Cancer-related cognitive impairment (CRCI) refers to cog-
nitive dysfunction that affects the thinking processes, well-
being, and functional independence of people diagnosed 
with cancer at different stages of the disease (Wefel et al. 
2015; Pendergrass et al. 2018; Hardy et al. 2018). Some 
authors have reported that up to 30% of people diagnosed 
with cancer experience cognitive impairments before any 
treatment (Janelsins et al. 2014; Hshieh et al. 2018), but the 
incidence increases up to 75% during treatment (Janelsins 
et al. 2011). Cognitive impairment is associated with lower 
quality of life due to impact on the autonomy, ability to 
return to work, social relationships, and self-confidence of 
patients (Jim et al. 2012; Lange et al. 2019). Additionally, 
alterations in memory and executive function are related 
to nonadherence medication therapy, difficulties reporting 
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complications (Becker et al. 2011), and self-management 
(Hshieh et al. 2018). Cognitive impairment has also been 
associated with lower survival rates (Robb et al. 2010; Libert 
et al. 2016). Nonetheless, not all population groups experi-
ence the disease and its treatment in the same way because 
there are multiple factors (i.e., discrimination, financial, 
behavioral, genetic, among others) that impact an individu-
al’s health status and the cancer continuum (Williams et al. 
2016; Ellis et al. 2018; Minas et al. 2021). Consequently, 
cancer disparities may occur.

Cancer disparities are social, environmental, and eco-
nomic factors that generate a disadvantage and dispropor-
tionate burden in certain groups (National Cancer Institute 
2020). Systemic oppressors (e.g., structural racism, cishet-
eronormativity) have been proposed as factors that gener-
ate such disparities (Boyd et al. 2020; Franco-Rocha et al. 
2023b). In particular, race and ethnicity are social constructs 
used to group human beings based on characteristics such as 
their physical appearance, social factors, and cultural back-
grounds to classify, distinguish, and marginalize people 
(Bonham 2023). Racialization has privileged some groups 
(i.e., white racial identity in the Western world) through-
out human history and it persists nowadays, influencing the 
well-being of the oppressed groups (Yee 2015). For instance, 
racial and ethnic minority groups are more likely to have 
low socioeconomic status and education level (Williams 
et al. 2016; Zahodne et al. 2017; Siegel et al. 2019), which 
may reduce access to health care (Williams et al. 2016) and 
health insurance (Yabroff et al. 2020).

In the United States, these disparities have resulted 
in late-stage diagnosis (Islami et al. 2017), low survival 
(Melkonian et al. 2019), and high cancer mortality (Ellis 
et al. 2018) in different racial and ethnic minority groups 
compared to their white counterparts. In addition, struc-
tural racism plays a crucial role in racial health inequities 
(Boyd et al. 2020) by limiting opportunities for socioeco-
nomic advances and negatively impacting health outcomes 
(Churchwell et al. 2020). For instance, discrimination in 
housing (e.g., segregation and discrimination in renting) 
and everyday discrimination are related to symptoms of 
stress, depression (Albert et al. 2017), poor overall mental 
health outcomes (Mama et al. 2016), among other cancer 
disparities (Beyer et al. 2019) experienced by people from 
minoritized racial and ethnic groups.

Race and ethnic disparities in cognition have been 
reported over the life course (Manly and Mungas 2015) but 
information about the relationship between demographic 
characteristics and brain functioning is lacking (Dotson and 
Duarte 2020). Some studies have shown that African Ameri-
cans are more likely to report lower scores on measures of 
global cognition compared to non-Hispanic whites (Castora-
Binkley et al. 2015). This likelihood is associated with fac-
tors that also influence cancer disparities, such as income 

(Zahodne et al. 2017; Choi et al. 2018), education (Stern 
2012; Zahodne et al. 2017), and psychosocial symptoms 
(Zahodne et al. 2017). But also with events of structural rac-
ism, like discrimination (Barnes et al. 2012; Zahodne et al. 
2017) and cumulative stressful life events (Zuelsdorff et al. 
2020). Although there are few models to test these associa-
tions (Dotson and Duarte 2020), our understanding is not 
generalizable due to the lack of representation of minoritized 
groups in research studies.

In a previous review, Husain et al. (2019) found that Afri-
can American breast cancer survivors experience disparities 
in cognition. However, it is still unknown how cognitive 
function may be different in other racial and ethnic minor-
ity groups, and people with different cancer types. Thus, 
we aim to synthesize the available literature about cancer-
related cognitive impairment in racial and ethnic minor-
ity populations. The following question guided the review: 
How being part of a racial and ethnic minority group is 
reported and analyzed in the existing literature on cognitive 
impairment related to cancer and its treatment?

Materials and methods

We conducted a scoping review following the methodologi-
cal framework proposed by Arksey and O’Malley (2005). 
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis for Scoping Reviews (PRISMA ScR; Tricco 
et al. 2018) guided the review.

Two historic searches were conducted. The first search 
was conducted in September 2021. A second search was 
conducted in May 2023 after consulting a health sciences 
librarian. Both searches were conducted in the PubMed, Psy-
cInfo, and Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) electronic databases. The search equa-
tions are displayed in Table 1. This review does not have a 
registered protocol.

Primary research and secondary analysis articles were 
included in the final sample if they were published in Eng-
lish or Spanish from any date, measured cognitive function-
ing in adults diagnosed with any type of cancer, and reported 
the race or ethnicity of the participants in the results. Litera-
ture reviews, commentaries, letters to the editor, and gray 
literature were excluded. Studies conducted with pediat-
ric populations or survivors of pediatric cancers were also 
excluded from the present review.

All articles were first screened by title by one author 
using Rayyan (Ouzzani et al. 2016). Then, the eligible 
publications were equally distributed among five review-
ers who independently screened the abstract of the pub-
lications using a standardized screening guideline (see 
Table 2). This guideline was elaborated and validated by 
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all authors to verify that the manuscripts met the eligibility 
criteria and addressed our research question.

If a manuscript was considered eligible, it was retained 
for data extraction following the data-charting process 
proposed by Arksey and O’Malley (2005). Eligible pub-
lications were equally distributed among five authors for 
the data extraction. We stored the information about the 
authors, year and country of publication, study purpose, 
study design, clinical characteristics (type of cancer, can-
cer stage, type of treatment, CRCI measurement), sample 
demographics (age, sex, race, ethnicity, education, income, 
and employment status), and the specific findings regard-
ing CRCI in racial or ethnic minority groups in an Excel 
spreadsheet for subsequent analyses. The first author veri-
fied the information extracted from each publication and 
when necessary, clarified the results with each reviewer.

To synthesize the literature, we present a summary of 
the study characteristics (year, country, and design) and an 
overview of the sociodemographic and clinical character-
istics of the participants. Finally, we divided the publica-
tions in two groups, one that characterized the race and/
or ethnicity of the participants and another that explored 
differences in CRCI by racial or ethnic subgroup. For 
the latter publication group, we synthesized the findings 
regarding differences in CRCI.

Results

An overview of the search is provided in Fig. 1. After delet-
ing duplicates and applying inclusion and exclusion crite-
ria, 74 articles were included in the review—22 included a 
non-cancer control group. The sample included 70 (94.6%) 
quantitative studies, three (4.1%) qualitative studies, and one 
mixed methods (1.3%; sequential explanatory design) study. 
Of the quantitative studies, 61 (87.1%) were non-experimental 
designs (31 prospective, 29 cross-sectional, and one retrospec-
tive studies), five (6.8%) were quasi-experimental designs, and 
four (5.4%) were experimental designs. The studies were con-
ducted in the United States (81.1%), Singapore (8.1%), Den-
mark (2.7%), the United Kingdom, Brazil, Canada, China, 
Malaysia, and South Korea (1.4% each country). The number 
of publications reporting the race or ethnicity of the partici-
pants increased over time; 18.9% of articles included in the 
review were published in 2012 or earlier, 28.4% between 2013 
and 2017, and 52.7% during 2018–2023.

Oncological characteristics

Most articles (95.9%) reported the type of cancer of their 
participants. Breast cancer was the most studied (70.3%), 

Table 1  Search equations Search Step Terms

First search 1 Cancer
2 Minority groups
3 Cognitive dysfunction OR chemotherapy-related cognitive impairment
4 1 AND 2 AND 3

Second search 1 Cancer OR oncology OR neoplasms
2 cogniti* OR memory OR attention OR executive function OR process-

ing speed OR chemobrain OR brain fog OR chemotherapy related 
cognitive impairment OR cancer related cognitive impairment

3 Ethnic and racial minorities OR minority groups OR race OR ethnic-
ity OR racism OR healthcare disparities OR social determinants of 
health

4 1 AND 2 AND 3

Table 2  Screening checklist

Articles in which questions one to four were answered affirmatively, and question five negatively were 
retained for full review

Question Yes No

1. Was the article written in English or Spanish?
2. Was the design quantitative, qualitative, or mixed methods?
3. Was the focus of the paper cognitive dysfunction in adults diagnosed with 

cancer?
4. Are race/ethnicity reported in the results/analysis?
5. Was the paper a literature review, opinion piece, or gray literature?
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followed by hematologic (5.4%), gynecologic (4.1%), colo-
rectal (2.7%), and brain cancers (2.7%). Few studies focused 
on head and neck, prostate, and testicular cancers (1.4% 
each). Finally, five studies (6.8%) included participants with 
different types of cancer, but breast cancer (4/5) was the 
most common in such studies.

The type of treatment the participants received was 
reported in 90.5% of the publications. Chemotherapy was 
the most commonly studied treatment (85.1%), followed 
by radiotherapy (44.8%), hormone therapy (35.8%), sur-
gery (35.8%), and immunotherapy (4.5%). Cancer stage 
was reported by 66.2% of the studies, and most participants 
were diagnosed with stages I to III. Only 14 studies (18.9%) 
included participants with stage IV cancer. The final sam-
ple of the review included 68,453 participants, 43,809 indi-
viduals were diagnosed with cancer (breast = 35,626; gas-
trointestinal = 945; hematologic = 750; gynecologic = 667; 
lung = 331; glioma = 139; prostate = 110; testicular = 64; 
head and neck = 19; others = 557, unknown = 4601) and 
24,644 were healthy controls.

In terms of CRCI measurement, most studies assessed 
cognition with neuropsychological testing only (40.5%), fol-
lowed by studies that included measures of both objective 
and subjective cognitive functioning (29.7%), subjective 
cognitive functioning only (27.0%), and a medical diagnosis 
of cognitive dysfunction or dementia (2.7%). Lastly, 41.9% 
of studies included a biomarker in their examination. Most 
focused on genetic analyses (35.5%), differences in brain 
structure or functioning (32.3%), and changes in inflamma-
tory cytokines (16.1%).

Demographic characteristics

Most of the studies reported the sex (100%), age (97.3%), 
and education level (83.8%) of the participants. The par-
ticipants were predominantly women (n = 54,709, 79.9%), 
with mean/median ages ranging from 27 to 76 years of age 
(although in 53.3% studies, the participants’ age was in the 
fifties) and more than 12 years of education. Regarding 
education, 26 studies reported this characteristic as mean 

Fig. 1  Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analysis (PRISMA) 
flow diagram. CRCI Cancer-
related cognitive impairment
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years (n mean years = 14.0, range 7–16 years) and 36 as the 
highest degree obtained (more than 70% of the participants 
completed high school or more in 31 of the 36 publications). 
Only 28.4% of studies informed the employment status, and 
most of them (57.1%) reported that at least 50% of their 
participants were employed. Income was the least reported 
demographic characteristic, with only 15 studies (20.3%; 5 
conducted outside the USA) informing it.

Being part of a racial and ethnic minority group 
and the CRCI Literature

Only one study (1.4%) defined race and ethnicity, and based 
the definition on citizenship, immigrant, and descendant sta-
tus (Amidi et al. 2015). Most publications (66.2%) reported 
how they obtained information about the race or ethnicity 
of their participants—all used self-reported questionnaires. 
Overall, most participants were white. In Asian countries, 
Chinese was the most commonly reported ethnicity. In stud-
ies conducted in North America, Hispanic/Latin Ameri-
can was the only ethnicity reported and representation of 
Native Americans with cancer was the lowest, as displayed 
in Table 3.

Among the 74 articles that reported race and ethnicity, 
most studies reported the participants’ race and ethnicity 

(43.2%), followed by race only (39.2%), ethnicity only 
(14.9%, mainly reported in Asian countries), and “minor-
ity” or “non-White” status (2.7%). Only 25 publications 
(33.8%) reported differences in CRCI results by racial or 
ethnic subgroup (Table 4), the remaining 49 publications 
only characterized the race or ethnicity of their participants 
(Supplementary Table 1).

Among the 25 publications that analyzed CRCI between 
racial or ethnic subgroups, most (96%) found significant 
associations or differences between groups. Seven (28%) 
studies found that race or ethnicity were related to subjec-
tive (Calvio et al. 2009; Jean-Pierre et al. 2012; Seliktar et al. 
2015; Tan et al. 2020) or objective (Patel et al. 2015; Lyon 
et al. 2016; Syed Alwi et al. 2021) cognitive problems—
particularly the domains of complex attention, executive 
functioning, processing speed, visual and verbal memory.

Nine studies (36%) found that Black (Raji et al. 2009; 
Janelsins et al. 2017, 2018; Stabellini et al. 2023) or non-
white individuals (Mandelblatt et al. 2014; Van Arsdale et al. 
2016; Kesler et al. 2020; Kohler et al. 2020; Von Ah et al. 
2023) were more likely to report cognitive problems after 
a cancer diagnosis compared to their white counterparts, 
even after controlling for factors such as age, education, 
psychosocial symptoms, comorbidities, treatment type, and 
tumor characteristics. However, one study (4.0%) found that 

Table 3  Race and ethnicity of 
participants (N = 68,453) in the 
final sample of articles

a Studies conducted in Asia
b Studies conducted in Denmark

Studies without a 
control group

Studies with a control group

Cancer patients
n = 36,313

Cancer patients
n = 7496

Control group
n = 24,644

Race
White 27,120 6338 19,526
Black 4293 725 3168
Asian 451 24 8
Native American 20 0 0
Other, non-White, mixed, minority 1256 308 1068
Missing, not reported, unclear 77 61
Ethnicity
Hispanic/Latin American 203 69 781
Chinesea 588 0 0
Hana 198 0 0
Huia 4 0 0
Malaya 124 0 0
Indiana 54 0 0
Koreana 0 32 32
Native  Danishb 1836 0 0
Non-native  Danishb 51 0 0
Othera 36 0 0
Missing, not reported, unclear 2 0 0
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whites compared to Blacks were more likely to experience 
moderate and high cognitive and physical fatigue (Morse 
et al. 2023). Similarly, another study (4.0%) reported that 
non-Hispanic Blacks with cancer experienced slower cogni-
tive decline than non-Hispanic whites and people from other 
races/ethnicities (Fowler et al. 2022).

Three studies (12%) analyzed sociocultural factors that 
may influence cognitive functioning. One found that col-
lectivism-based attitude toward women's role performance 
contributed to poorer attention and working memory in 
Korean women (Jung and Cimprich 2014). Conversely, one 
study (4.8%) conducted with Hispanic/Latina women found 
that acculturation was not a significant predictor of objective 
cognitive functioning (Marín-Chollom et al. 2022). Finally, 
one qualitative study informed that underserved African 
American women did not mention being educated by health-
care professionals about the cognitive effects of cancer and 
relied on spirituality to cope with the symptoms (Rust and 
Davis 2013).

Two studies (8%) reported differences in biomarkers. 
One found that the BDNF Val66Met polymorphism may 
have a protective effect against CRCI in Asian women with 
breast cancer (Ng et al. 2016) and the other found that Black 
women with breast cancer had longer telomeres (shorter 
telomeres have been associated with the pathogenesis of 
cognitive decline) than their white counterparts (Alhareeri 
et al. 2020). Although the latter study controlled for age, the 
authors indicated that the age difference (Black participants 
were significantly younger than whites) may contribute to 
the difference in telomere lengths.

One study (4.0%) focused on instrumentation and found 
an inverse correlation between race and the Cognitive Symp-
tom Checklist Work (CSC-W) 21, CSC-W59, and the Func-
tional Assessment of Cancer Therapy-Cognition (FACT-
Cog), which the authors interpreted as these instruments 
being more likely to identify cognitive problems among 
white people (Ottati and Feuerstein 2013). Finally, one 
population study (4%) found that an incidental cancer diag-
nosis did not influence memory outcomes between whites 
and Blacks (Eastman et al. 2022).

Discussion

The results of this scoping review demonstrate associations 
and differences in cognitive outcomes between racial and 
ethnic groups after a cancer diagnosis. Although the cause 
for such differences is unclear, some studies found that 
biological (e.g., telomere length) and sociocultural factors 
(e.g., attitude toward women's role performance) may influ-
ence CRCI in certain population groups (Rust and Davis 
2013; Jung and Cimprich 2014; Ng et al. 2016; Alhareeri 
et al. 2020). Additionally, a significant body of evidence 

suggested that racial and ethnic minoritized individuals were 
more likely to experience poorer cognitive outcomes than 
their counterparts (Raji et al. 2009; Mandelblatt et al. 2014; 
Van Arsdale et al. 2016; Janelsins et al. 2017, 2018; Kesler 
et al. 2020; Kohler et al. 2020; Tan et al. 2020; Stabellini 
et al. 2023; Von Ah et al. 2023). Despite this, none of the 
studies included in the review analyzed the impact of struc-
tural racism on CRCI, even though the literature on cogni-
tive health has reported that discrimination (Barnes et al. 
2012; Zahodne et al. 2017; Ozier et al. 2019) and cumulative 
stressful life events (Zuelsdorff et al. 2020) are associated 
with cognitive health.

We also found that characterization methods of race and 
ethnicity were unstandardized and inconsistent across stud-
ies. When synthesizing studies conducted in diverse coun-
tries, it is often unclear whether the investigators report 
nationality, ethnicity, race, or other sociocultural factors. 
Standardization of the concepts, such as the proposed by 
Bhopal (2007) or Flanagin et al. (2021), would improve our 
ability to synthesize findings from diverse countries. Further, 
self-reported race and ethnicity are social constructs and 
may be more representative of the contribution of environ-
mental influences, social privilege, patterns of oppression, 
traditions, beliefs, and health behaviors (National Research 
Council Panel 2004). As a result, more effort should be 
made to include measures with standardized definitions of 
self-identified race and ethnicity, to analyze the intersection 
between culture, health behaviors, and health outcomes.

The inclusion of racially and ethnically diverse popula-
tions are still extremely low in CRCI studies, which is con-
sistent with findings about research studies overall (Meyers 
et al. 2000; Hess et al. 2010; Galantino et al. 2012; Piccirillo 
et al. 2015; Lawrence et al. 2016; Lyon et al. 2016; Amidi 
et al. 2017; Janelsins et al. 2017; Williams et al. 2018, 2020; 
Chen et al. 2018a, b; Guerrero et al. 2018; Henneghan et al. 
2018b; Moore et al. 2019; Nakamura et al. 2019; Rodri-
guez-Wolfe et al. 2019; Anderson et al. 2020; Franco-Rocha 
et al. 2023a). This may limit the generalizability of study 
findings to the population at large. Thus, it is essential to 
implement methods that promote participation of diverse 
groups that are representative of the general population. Best 
practices for precision health research involve the inclusion 
and active participation of members of minority groups in 
research teams, training research staff in cultural sensitiv-
ity, and development of dynamic strategies to disseminate 
the results to the population (University of California San 
Francisco 2017; Lewis et al. 2021).

Specifically, research staff should be exposed to informa-
tion and practical exercises designed to address their biases 
and stereotypes, as well as specific training in working with 
diverse populations. They should be given opportunities 
to learn about the healthcare perspectives of the various 
groups that will be recruited; this will allow research staff 
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to understand the attitudes and beliefs of the individuals 
they are working with and will provide tools for explaining 
research findings later on. Training should be included in 
regular team meetings as an ongoing process of increasing 
understanding and refining one’s skills to work effectively 
with the diverse groups enrolled in the study.

Second, methods should focus on building trust with 
racial and ethnic minority communities including consulting 
with family members regarding the study, allowing partici-
pants to bring family members to study appointments, work-
ing closely with healthcare providers involved in participant 
care to ensure accurate information is available regarding 
the study, engaging key community members, providing 
informational seminars within the community regarding the 
research and disseminating follow-up information regard-
ing the study throughout the project period (Areán and Gal-
lagher-Thompson 1996; Moreno-John et al. 2004).

Neuropsychological tests are the current “gold standard” 
for assessing CRCI. However, health disparities and the bias 
against minorities inherent in cognitive testing are often not 
addressed in cognitive studies (Rivera Mindt et al. 2010; 
Ottati and Feuerstein 2013; Cory 2021). Most neuropsycho-
logical tests require English fluency and do not provide race/
ethnicity-specific normative scores. Even nonverbal, “cul-
ture-free” neuropsychological tests are not sufficiently free 
of bias against minority groups (Statucka and Cohn 2019; 
Lozano-Ruiz et al. 2021). Consideration should be given to 
administration of tests in languages other than English based 
on participant preference and then conducting analyses using 
raw scores to reduce the bias in normalized standard scores.

More than a quarter of the studies we reviewed included 
a biomarker as part of their assessments, with genetic analy-
ses and brain MRI examinations being the most frequent. 
Several reports show differences in brain structures between 
racial and ethnic groups. For instance, in a study conducted 
in adults without dementia, (Zahodne et al. 2015) found that 
in comparison to non-Hispanic whites, white matter hyper-
intensity was a stronger predictor of language and executive 
functioning among African Americans and hippocampal 
volume was a weaker predictor of memory in Hispanic/
Latin Americans. Similarly, (Gavett et al. 2018) reported 
that global gray matter change was the strongest predictor 
of cognitive decline in whites and African Americans, but 
white matter hyperintensity volume was the strongest predic-
tor of cognitive decline among Hispanic/Latin Americans. 
Research exploring differences in biomarkers between racial 
and ethnic groups is needed to guide clinical practice and 
promote precision when working with members of diverse 
racial and ethnic groups.

This review was limited to three databases and only 
included publications in English and Spanish, so findings 
from other sources and different languages may be miss-
ing. Additionally, we did not consult a librarian for the first 

search, and we lacked a second reviewer at the title screening 
stage. Finally, psychosocial outcomes such as anxiety, stress, 
depressive symptoms, among others, are also linked to CRCI 
(Cheung et al. 2013; Henneghan et al. 2018a) but were 
beyond the scope of the present review. Further research 
is needed to study how healthcare disparities influence the 
relationship between psychosocial functioning and cognition 
in racial and ethnic minority populations with cancer.

Conclusion

Most studies descriptively characterized the race or ethnic-
ity of their participants. Only 33.8% studies differentiated 
CRCI outcomes by racial or ethnic group and overall found 
that racial and ethnic minoritized individuals were more 
likely to experience poorer cognitive outcomes. Although 
biological differences and sociocultural factors were linked 
to cognitive health, further explorations that consider the 
role of systemic racism in CRCI are necessary. Finally, it is 
crucial for translational, precision health to conduct studies 
that specifically assess differences in CRCI between ethnic 
or racial groups using measures and methods that reduce 
bias in these populations.
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