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Introduction: Cancer inequity is one of the most critical public health issues faced

by ethnic minorities and people of lower socioeconomic status. The disparate

burden of cancer is caused by poor access to care and inadequate delivery of

cancer treatment, as well as comorbid and co-occurring conditions. Diabetes is a

common and serious comorbid condition of cancer.

Methods: To better understand diabetes prevalence among diverse cancer

patients, this study analyzed and described characteristics of cancer patients

with diabetes from local-level Service Planning Area (SPA) data using City of

Hope Comprehensive Cancer Center data, and United States national-level data

from The National Health Interview Survey.

Results: Findings from national level data showed that patients in racial/ethnic

minority groups had a higher occurrence of being diagnosed with diabetes,

especially for non-Hispanic Blacks (OR=1.76, 95% CI=1.51, 2.03) and Hispanic/

Latino individuals (OR=1.34, 95% CI=1.18, 1.52). Cancer patients who are older,

ethnic minority, overweight/obese and with lower educational levels were more

likely to have co-occurring diabetes. SPA-level patient data found similar results.

Discussion: In response to our findings and other reports, clinicians and health system

including health coverage organizations should routinely assess cancer patients for

cooccurring chronic illnesses, in particular diabetes. Interventions improving

coordinated care that integrates oncology, endocrinology and primary care,

targeting cancer patients –especially racial/ethnic minorities, overweight/obese, and

older patients who are at increased risk for diabetes – ought to be considered as best

practice Whole Person care. With coordinated care management, ethnic disparities in

cancer may be better addressed and reduced. Additionally, policymakers can

contribute by enacting policies improving access to and coverage of integrated

oncology, chronic disease prevention, and associated specialty care i.e.,

endocrinology to equalize quality care for ethnic minority, lower educated,

overweight/obese and older cancer patients who are more likely to suffer greater

comorbidity, and inadequate oncology and coordinated care to reduce disparities.
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Introduction

Cancer is a critical public health issue. In the United States, it is

estimated that 1.9 million new cancer cases will be diagnosed and

609,360 deaths will be caused by cancer in 2022 (1).. As the second

leading cause of death in this country, the direct medical costs and

indirect costs of cancer are huge. In 2015, the medical costs related to

cancer were $183 billion and would increase to $246 billion by 2030

(2). For cancer patients, the burden is increased with co-occurring

comorbid illnesses. Comorbidity can be defined as “the existence of a

long-term health condition in the presence of a major disease of

interest” (3). Evidence suggested the prevalence of comorbidities

would increase with the years of survivorship increasing (4). The

development of comorbidities is also relevant to the type of cancer:

patients with lung cancer, kidney cancer, and stomach cancer are

more likely to have other comorbid conditions (4). Comorbid

conditions can complicate the treatment and outcome of cancer

that negatively impact health-related quality of life and survival (4).

Diabetes is one of the most common and serious comorbid

conditions. Cancer and diabetes, especially Type 2 diabetes, have many

risk factors in common, including age, race/ethnicity, overweight/obesity,

physical inactivity, smoking, etc. (5). These risk factors make patients

with cancer more vulnerable to diabetes and the effects of diabetes.

Additionally, some cancer treatments, such as certain targeted therapy

treatments and chemotherapy drugs, can accelerate the development of

diabetes or aggravate the process of diabetes (6). Diabetes becomes an

important factor for patients and providers to choose the proper cancer

treatment (6). Previous research indicated themortality of cancer patients

with diabetes was higher than cancer patients without any comorbid

conditions (7). Social vulnerability index (SVI) characterizes non-medical

factors that can impact a patient’s cancer outcome. In the cohort of

patients who underwent stem cell transplantation, Hispanic and Asian

patients showed an association with SVI and 1-year non-relapse

mortality (NRM), while non-Hispanic whites showed no association

with SVI and 1-year NRM. These findings highlight the important social-

environmental factors play in health outcomes following hematopoietic

cell transplantation (HCT), specifically among different racial and ethnic

groups (8). For cancer patients with diabetes, more comprehensive

healthcare services, including other medical specialties i.e.,

endocrinology, are necessary to meet patients’ special needs.

Since race/ethnicity is a major risk factor for both cancer and

diabetes, some racial/ethnic groups have a higher risk of developing

both diseases. For example, compared to other racial/ethnic groups,

non-Hispanic Blacks have higher mortality for many types of cancer

(9). Non-Hispanic Black and Hispanic/Latino women also have a

higher prevalence of cervical cancer than women of other racial/

ethnic groups (9). Meanwhile, the rates of diagnosed diabetes among

American Indians/Alaskan Natives (14.5%), non-Hispanic Blacks

(12.1%), and Hispanics (12.1%) are higher than other racial/ethnic

groups (10). Previous research has indicated Latina breast cancer

survivors had a higher risk of developing Type 2 Diabetes than the

general population and diabetes was most prevalent among Latina

survivors aged over 65 years old (11, 12).

Although high-quality healthcare is critical for all patients, many

patients with cancer have various barriers to accessing healthcare

services, especially racial/ethnic minority patients. The 2019 National
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Healthcare Quality and Disparities Report found that compared to

non-Hispanic Whites, all other racial/ethnic groups reported

receiving poorer healthcare quality (13). Even given comparable

backgrounds such as income level, educational level, and insurance

coverage status, racial/ethnic minority groups were reported to have

disparities due to language barriers, provider bias, etc. (2). Therefore,

more efforts are needed to improve the health of the minority patients

with cancer, which is also an important component of improving the

overall public health.

Because of the number of minority patients residing there, Los

Angeles (LA) County serves as an ideal setting to develop and test

measures to improve overall public health Based on 2020 U.S. Census

Estimates, 48.32% of the total population of Los Angeles County was

Hispanic or Latino, 14.83% was Asian, and 8.07% was Black (14). In

addition, previous research highlighted racial/ethnic disparities in

cancer prevalence and diabetes prevalence in Los Angeles County (15,

16). With a highly diverse population, it is important for Los Angeles

County to ensure health equality among racial/ethnic minority

populations and help them access high-quality healthcare. However,

limited studies focused on the racial/ethnic disparity of the

development of comorbid conditions among cancer patients.

Cancer patients in racial/ethnic groups, especially those with

comorbid conditions, should have a higher quality of care.

To have a better understanding of current diabetes prevalence

among cancer patients, this study analyzed and described the diabetes

prevalence among cancer patients from Service Planning Area (SPA)

level and the national level. A SPA is a specific geographic area

divided by the Department of Public Health of LA County to help

provide better public health and clinical services tailored to the

specific health needs of the residents in those different areas (17).

Results of this study can provide insights into the outcomes of cancer

patients who also had diabetes as a comorbid condition. It will address

the severity of disparities in Los Angeles County. With the awareness

of disparities in prevalence, policymakers can develop tailored policies

to improve the quality of care for minority patients.
Methods

Data Source

This study is a secondary data analysis study. For national-level

data, we used The National Health Interview Survey (NHIS), which is

a cross-sectional household face-to-face interview survey program

(18). NHIS collected health-related information among civilian

noninstitutionalized populations residing within the 50 states and

the District of Columbia in the United States (18). The most recent

one-year NHIS data 2021 was used in this research (19). In 2021

NHIS, totally, 30,673 households had been interviewed including

29,482 sample adults and 8,261 sample children; the total household

response rate was 52.8% (20).

For SPA-level data, we used patient data collected from the City of

Hope Comprehensive Cancer Center (COH) from January 2020 to

September 2022. COH is a private, not-for-profit clinical research

center, hospital and graduate school to provide treatment and care

services for patients with cancer, diabetes, and other life-threatening
frontiersin.org
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illnesses (21). Currently, COH’s cancer clinics cover more than 35

locations across Southern California, the United States, and provide

care services for giving thousands of patients (22). Patient data were

collected by clinicians and organized by the Research Informatics

team. Due to a different design from the national-level survey

program, patient records of COH only provided limited

information. Thus, not all variables used from patient record data

were the same as those from the national-level dataset.
Measures

NHIS covers important health topics such as chronic diseases,

health behaviors, health care status, use of preventive services, etc.

The study population in this research is adults who have been

diagnosed with cancer (any type). The dependent variable is the

diagnosis of diabetes (any type) and the independent variable is self-

reported race/ethnicity. Covariates included demographic

characteristics (age, gender, marital status, educational attainment),

healthcare coverage, BMI, and health behavior (tobacco use). NHIS

questionnaire interviews the race and origin of participants and

divides as Hispanic/Latino, Non-Hispanic White only, Non-Hispanic

Black/African American only, Non-Hispanic Asian only, Non-

Hispanic American Indian and Alaska Native (AIAN) only, Non-

Hispanic AIAN and any other group, and Other single and multiple

races. Though distinct groups that deserve focused attention, Non-

Hispanic AIAN only, Non-Hispanic AIAN and any other group, and

Other single and multiple races were merged into one category as

Other Single and Multiple Races for statistical purposes only due to the

small sample size. Cancer and diabetes diagnoses were self-reported

on the survey questions: “Have you EVER been told by a doctor or

other health professional that you had cancer?” and “Have you EVER

been told by a doctor or other health professional that you had

diabetes (Not including (gestational diabetes, prediabetes))” (23).

Other covariate variables were recoded as age groups (18-34, 35-44,

45-54, 55-65, ≥65), marital status (married or live with a partner,

other), educational attainment (did not graduate high school,

graduated high school, attended college or technical school, and

graduated from college or technical school), BMI (underweight,
Frontiers in Oncology 03
normal weight, overweight, and obese), tobacco use (current

smoker, former smoker, and never smoker).

For SPA patient data, cancer diagnosis (any type) and diabetes

diagnosis (any type) were reported by health professionals. Racial/

ethnic information was self-reported and categorized as Hispanic/

Latino, Non-Hispanic White only, Non-Hispanic Black/African

American only, Non-Hispanic Asian only, and Other Single and

Multiple Races. Covariate variables included in the patient record

were age group (18-34, 35-44, 45-54, 55-65, ≥65), gender (female,

male), healthcare insurance coverage (yes, no), BMI (overweight/

obese, normal weight/underweight).
Data analysis

For national-level analysis, since descriptive estimates in this

research were obtained from a subpopulation (patients with

cancer), descriptive analyses were conducted using methods for

analyzing complex sample design data (24). Second-order

(Satterthwaite) Rao-Scott chi-square tests were conducted to

explore associations between the diagnosis of diabetes and race/

ethnicity. Weighted multivariable logistic regression models were

conducted using PROC SURVEYLOGISTIC to test associations

between dependent and independent variables after controlling for

covariates (24). All analyses were conducted using Statistical Analysis

Software (SAS), version 9.4 (SAS Institute Inc., Cary, NC).

Since only limited information was included in patient records,

for SAP-level analysis, descriptive analysis was conducted to show the

percentage in different categories.
Results

National level

There were 3,654 adults diagnosed with cancer in the 2021 NHIS

survey program. Among them, 603 also reported that they were

diagnosed with diabetes. Table 1A presents demographic

characteristics (age, gender, marital status, and educational
TABLE 1A Cancer Patients with/without Diabetes Characteristics by Racial and Ethnic Category, NHIS 2021a,b.

Characteristics Non-Hispanic
White
N = 461

Weighted %

Non-Hispanic
Black
N = 67

Weighted %

Non-Hispanic Asian
American
N = 16

Weighted %

Hispanic/
Latino
N = 43

Weighted %

Other Single and Multiple
Races
N = 16

Weighted %

Age

45-54 7.7 10.3 3.2 20.1 17.2

55-64 19.1 17.5 9.0 24.5 18.1

≥ 65 71.4 68.8 85.1 48.0 48.0

Gender

Male 49.8 45.8 44.3 51.9 44.0

Female 50.2 54.2 55.7 48.1 56.9

(Continued)
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TABLE 1A Continued

Characteristics Non-Hispanic
White
N = 461

Weighted %

Non-Hispanic
Black
N = 67

Weighted %

Non-Hispanic Asian
American
N = 16

Weighted %

Hispanic/
Latino
N = 43

Weighted %

Other Single and Multiple
Races
N = 16

Weighted %

Marital Status

Married or living with a partner 63.2 38.5 77.8 50.4 38.7

Other 36.8 61.5 22.2 49.6 61.3

Educational Attainment

Did not graduate high school 15.8 19.9 7.1 32.8 21.3

Graduated high school 28.6 25.3 33.4 26.0 18.3

Attended college or technical
school

30.2 33.2 11.6 36.7 43.0

Graduated from college or
technical school

25.5 21.7 47.8 4.5 17.5

Healthcare Insurance Coverage

Yes 98.7 97.5 100.0 93.1 83.3

BMI

Overweight 32.9 33.7 33.5 50.2 11.1

Obese 47.9 47.2 35.1 31.2 41.5

Tobacco Use

Current smoker 13.0 4.3 0 4.9 31.1

aNumbers of all race/ethnicity do not add up to the total number of patients due to missing cases.
bPercentages may not add up equal to 100% due to rounding.

TABLE 1B Cancer Patients without Diabetes Characteristics by Racial and Ethnic Category, NHIS 2021a,b

Characteristics Non-Hispanic
White

N = 2,638
Weighted %

Non-Hispanic
Black

N = 268
Weighted %

Non-Hispanic Asian
American
N = 53

Weighted %

Hispanic/
Latino
N = 137

Weighted %

Other Single and Multiple
Races
N = 53

Weighted %

Age

45-54 10.4 7.9 21.9 16.1 10.2

55-64 21.2 19.4 13.2 20.7 7.6

≥ 65 58.6 57.4 48.8 36.9 54.1

Gender

Male 44.4 43.3 20.4 42.2 33.1

Female 55.6 56.7 79.6 57.8 66.9

Marital Status

Married or living with a partner 67.6 44.5 83.1 58.9 43.0

Other 32.4 55.5 16.9 41.1 57.0

Educational Attainment

Did not graduate high school 7.0 14.1 7.1 25.9 7.3

Graduated high school 22.6 23.0 14.4 22.9 22.2

Attended college or technical
school

26.0 33.4 19.3 31.6 40.7

(Continued)
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attainment), healthcare coverage, and health behaviors (tobacco use,

alcohol consumption, physical activity) among cancer patients with

diabetes by racial and ethnic category. Table 1B presents

characteristics among cancer patients without diabetes by racial and

ethnic category. Based on the results, at the national level, more

cancer patients with diabetes were aged over 65, especially patients in

the non-Hispanic Asian group, with a percentage of 85%. Non

-Hispanic Asian patients had higher educational levels than patients

in other racial/ethnic groups, approximately 48% of them graduated

from college or technical school. On the other hand, Hispanic/Latino

patients had lower educational levels than others, about 33% of them
Frontiers in Oncology 05
did not graduate from high school; only 4.5% of them reported

graduating from college or technical school. Over 80% of patients in

all racial/ethnic groups had healthcare insurance coverage; however,

Hispanic/Latino patients reported the lowest proportions of health

insurance coverage which was 93.1%. Abnormal BMI was an

important character for patients: more than half of all patients were

overweight or obese; participatory, about 80% of patients in non-

Hispanic White, non-Hispanic-Black, and Hispanic/Latino groups

were overweight or obese.

Table 2 shows the results of the multivariable logistic regression

model assessing diabetes status as a co-occurring condition, which
TABLE 1B Continued

Characteristics Non-Hispanic
White

N = 2,638
Weighted %

Non-Hispanic
Black

N = 268
Weighted %

Non-Hispanic Asian
American
N = 53

Weighted %

Hispanic/
Latino
N = 137

Weighted %

Other Single and Multiple
Races
N = 53

Weighted %

Graduated from college or
technical school

44.4 29.5 59.2 19.6 30.0

Healthcare Insurance Coverage

Yes 97.7 96.8 100.0 93.0 95.1

BMI

Overweight 35.4 36.7 20.8 42.9 21.8

Obese 27.9 38.5 6.5 30.3 33.2

Tobacco Use

Current smoker 10.8 9.6 0 8.7 24.9

aNumbers of all race/ethnicity do not add up to the total number of patients due to missing cases.
bPercentages may not add up equal to 100% due to rounding.
TABLE 2 Results of Multivariable Analyses Predicting Prevalence of Diabetes among Cancer Patients by Racial and Ethnic Category, 2021 NHIS a.

Prevalence of Diabetes among Cancer Patients
Unweighted N= 603

b Adjusted OR 95% CI P

Age (Years) <.0001

≥ 65 (Ref)

45-54 -0.87 0.42 (0.36, 0.50) <.0001

55-64 -0.34 0.71 (0.63, 0.82)

Race/ethnicity <.0001

Non-Hispanic White (Ref)

Non-Hispanic Black 0.62 1.86 (1.58, 2.18)

Non-Hispanic Asian American 0.82 2.27 (1.79, 2.89)

Hispanic/Latino 0.51 1.67 (1.43, 1.95)

Other 0.74 2.09 (1.46, 2.98)

Educational Attainment <.0001

Did not graduate high school (Ref)

Graduated from college or technical school -0.80 0.45 (0.37, 0.54)

Attended college or technical school -0.32 0.72 (0.61, 0.86)

(Continued)
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only included variables that were significantly associated with

diabetes comorbidity. The overall Wald test suggested that all

possible factors in the final model had statistically significant

relations to diabetes comorbidity among cancer patients (F= 70.18,

p<0.0001). Based on the results, age, race, gender, educational level,

healthcare insurance coverage, BMI, and tobacco use were associated

with diabetes comorbidity among cancer patients. Patients who are

older, in minority groups, with lower educational levels would be

more likely to be diagnosed with both cancer and diabetes at a

statistical significance level. In addition, male patients were more

likely to be diagnosed with cancer and diabetes (OR=1.25, 95%

CI=1.11, 1.40). Cancer patients with abnormal BMI had

significantly higher odds to co-occur with diabetes (overweight

OR=2.01, 95% CI=1.70, 2.39; obese OR=3.89, 95% CI=3.31, 4.58).

In terms of tobacco use, former smokers were more likely to develop

diabetes (OR=1.20, 95% CI=1.06, 1.36). All ORs were adjusted.

Table 3 presents the unadjusted odds ratio of diabetes diagnosis

by racial/ethnic groups. Compared to non-Hispanic White cancer
Frontiers in Oncology 06
patients, patients in racial/ethnic minority groups had higher odds of

being diagnosed with diabetes, especially for non-Hispanic Black

patients (OR=1.76, 95% CI=1.51, 2.03) and Hispanic/Latino

patients (OR=1.34, 95% CI=1.18, 1.52) with statistically significant

higher odds.
SPA level

Totally, there were 41,692 patients with cancer from 2020 to

2022. Among them, 3,644 patients were also diagnosed with

diabetes. Table 4 presents the result of the descriptive analysis.

Based on the results, the majority of cancer patients (86%) with

diabetes were aged over 55 years old. There were more non-

Hispanic White and Hispanic/Latino patients in the SPA dataset.

In addition, most patients (87.7%) patients had healthcare

insurance coverage. Also, more than 50% of them were

overweight/obese.
TABLE 2 Continued

Prevalence of Diabetes among Cancer Patients
Unweighted N= 603

b Adjusted OR 95% CI P

Graduated high school -0.22 0.80 (0.67, 0.95)

Health Insurance Coverage 0.01

No (Ref)

Yes 0.34 1.40 (1.10, 1.79)

Gender 0.00

Female (Ref)

Male 0.22 1.25 (1.11, 1.40)

BMI <.0001

Normal weight (Ref)

Overweight 0.70 2.01 (1.70, 2.39)

Obese 1.36 3.89 (3.31, 4.58)

Tobacco Use 0.01

Non-smoker (Ref)

Current smoker -0.03 0.97 (0.82, 1.15)

Former smoker 0.19 1.20 (1.06, 1.36)

aAdjusted ORs were obtained after controlling for other predictor variables in the model.
fron
TABLE 3 Diabetes Prevalence by Racial and Ethnic Category, 2021 NHISa,b.

Characteristics Non-Hispanic
White
N = 461

Unadjusted OR
(95% CI)

Non-Hispanic
Black
N = 67

Unadjusted OR
(95% CI)

Non-Hispanic Asian
American
N = 16

Unadjusted OR
(95% CI)

Hispanic/Latino
N = 34

Unadjusted OR
(95% CI)

Other Single and Mul-
tiple Races
N = 16

Unadjusted OR
(95% CI)

P-value

Diabetes Diagnosis <.0001

Yes Ref 1.76 (1.51, 2.03) 1.21 (0.99, 1.48) 1.34 (1.18, 1.52) 1.36 (0.97, 1.90)

aRace/ethnicity and diabetes diagnosis were included in the univariate model.
bORs were unadjusted.
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Conclusion

Compared to non-Hispanic White cancer patients, cancer

patients in minority groups have a higher rate of cooccurring

diabetes. Based on national-level results, age, race, gender,

educational level, healthcare insurance coverage, BMI, and tobacco

use were associated with diabetes comorbidity. Particularly, cancer

patients who are older, male, in racial/ethnic minority groups, with

lower educational levels, and overweight/obese were more likely to

develop diabetes as a comorbid condition. In addition, our SPA

descriptive analysis results indicated similar status was found: more

cancer patients with diabetes were older and overweight/obese.
Discussion

Cancer and diabetes are both serious chronic diseases that lead to

huge economic and societal burdens. If patients with cancer

developed other comorbid conditions, their medical burden would

be increased. Previous studies mainly focused on improving care

quality for patients with cancer or diabetes solely, not for patients

with both diseases. To have a better understanding of current diabetes

prevalence among cancer patients, this study analyzed and described

the diabetes prevalence among cancer patients from SPA level and

national level.
Frontiers in Oncology 07
Results of national-level analyses addressed the importance of

various social determinants and provided suggestions for future

health policies as well as interventions. This study found

educational attainment is significantly associated with the

development of diabetes among patients with cancers. One possible

reason is patients with lower educational levels face barriers to

preventive care. Abnormal BMI is another factor that is

significantly associated with the development of diabetes.

Healthcare providers and caregivers should address the importance

of maintaining normal weight for patients with cancer. In addition,

since our study found Hispanic/Latino patients had lower percentages

of having healthcare insurance, it is a possible reason for the high

prevalence of diabetes among Hispanic/Latino patients. Patient data

from the COH cancer center found similar results with national-level

analyses, which suggested consistency.

Based on our results, we strongly recommend future public health

policies focus more on improving the quality of Whole Person Care.

Whole Person Care is patient-centered and aims to improve health

outcomes and well-being that cover physical, behavioral, emotional,

and social services through the optimal use of different resources (25).

Whole Person Care program also aims to improve care coordination

services, develop healthcare delivery infrastructure, strengthen the

collaboration among providers and communities, and share

important data between various healthcare delivery organizations

(26). For vulnerable patients, such as patients in minority racial/

ethnic groups and patients with low socioeconomic status, Whole
TABLE 4 Cancer Patients with Diabetes Characteristics, Patient Data.

Characteristics Cancer Patients with Diabetes
N=3,644

Unweighted %

Cancer Patients with Diabetes
Absolute Number

Age

18-34 1.6 59

35-44 3.2 115

45-54 9.2 336

55-64 22.3 813

≥ 65 63.7 2,321

Gender

Male 51.3 1,871

Female 48.7 1,773

Race/Ethnicity

Non-Hispanic White only 37.2 1,355

Non-Hispanic Black only 5.8 211

Non-Hispanic Asian only 18.7 681

Hispanic/Latino 31.9 1,164

Other 6.4 233

Healthcare Insurance Coverage

Yes 87.7 3,196

BMI

Overweight/Obese 65.0 2,370
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Person Care can take patients’ complex needs into account and

provide comprehensive, coordinated care responsive to patients’ co-

occurring illnesses.

Programming focused on MediCal-eligible community members

who were homeless, justice-involved, or pregnant, and those with

serious mental illnesses, substance use disorders, or complex

health conditions.

This study has some limitations. First, patient data only contains

limited information. Variables such as educational attainment,

marital status, and health behaviors were not collected. Therefore,

only descriptive analysis was conducted using patient data. Future

research will conduct more statistical analyses when using more

comprehensive patient data. Second, the BMI information in the

NHIS dataset was self-reported, which may lead to recall bias. We

considered using the National Health and Nutrition Examination

Survey (NHANES) data since it includes both interviews and

physical examinations and physiological measurements are

collected by highly trained medical personnel, which will be more

accurate (27). However, the most updated NHANES data is 2017-

March 2020 Pre-pandemic cycle. Future studies can use new

NHANES data when it releases for more accurate BMI

information. Third, NHIS has a general question asking if

participants had ever been diagnosed with diabetes (any type) and

also a question asking if it is Type 1 or Type 2 diabetes. The majority

of patients with diabetes were Type 2 diabetes. Considering the

impact of analyses caused by sample size and missing responses, this

study used the previous NHIS question and analyzed data from

patients with diabetes of any type. Future studies will focus on Type

2 diabetes only.

Patients with cancer can have a co-occurring illness as well as

develop other comorbid conditions, that increases their medical

burden and impact their daily life. Diabetes is one of the most

common and serious conditions, especially for patients who are

ethnic/racial minority, older, overweight/obese and/or lower

educated. In response to our findings and other reports, clinicians

and health system including health coverage organizations should

develop interventions improving Whole Person, coordinated care

that integrates oncology and primary care, especially targeting

cancer patients from racial/ethnic minority groups. Additionally,

policymakers ought to enact policies improving access to and

coverage of integrated primary, oncology, specialty care i.e.,

endocrine, to equalize quality care for vulnerable patients – who

are more likely to suffer greater comorbidity, and inadequate

oncology and coordinated care – to reduce disparities. Policies

should also focus on facilitating chronic disease prevention

programming such as the diabetes prevention programs aimed at

engaging racial/ethnic minority (i.e., non-Hispanic Black and

Hispanic/Latino), older, overweight/obese and lower educated

patients. For cancer patients with diabetes or pre-diabetes

symptoms, culturally informed and linguistically appropriate

information and care should be provided.
Frontiers in Oncology 08
Data availability statement

Publicly available datasets were analyzed in this study. This data can

be found here: The National Health Interview Survey (NHIS), publicly

accessible https://www.cdc.gov/nchs/nhis/2021nhis.htm. Patient data

(SPA level data) was collected by City of Hope National Medical

Center and provided by disease informatics team.
Ethics statement

The studies involving human participants were reviewed and approved

by City of Hope Institutional Review Board. Written informed consent for

participation was not required for this study in accordance with the

national legislation and the institutional requirements.
Author contributions

RS and VJ provided clinical expertise. GS, KA, and CB

contributed to conceptualization and approach. GS conducted

analysis. KA and GS worked on manuscript development. All

authors overall review and editing. All authors contributed to the

article and approved the submitted version.

Funding

CCSG - NIH/P30-CA033572-33
Acknowledgments

The authors would like to acknowledge the City of Hope Center

for Informatics and for the utilization of the POSEIDON platforms

for data exploration, visualization, analysis, and discovery.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://www.cdc.gov/nchs/nhis/2021nhis.htm
https://doi.org/10.3389/fonc.2022.1099566
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Ashing et al. 10.3389/fonc.2022.1099566
References
1. American Cancer Society. Cancer facts & figures 2022. American Cancer society
(2022). Available at: https://www.cancer.org/research/cancer-facts-statistics/all-cancer-
facts-figures/cancer-facts-figures-2022.html%23:~:text=Estimated%20numbers%20of%
20new%20cancer,deaths%20in%20the%20United%20States.

2. American Cancer Society. Cancer facts & figures 2022. Atlanta: American Cancer
Society (2022).

3. Fowler H, Belot A, Ellis L, Maringe CLuque-Fernandez M, Njagi E, et al.
Comorbidity prevalence among cancer patients: a population-based cohort study of
four cancers. BMC Cancer (2020) 20:2. doi: 10.1186/s12885-019-6472-9

4. Roy S, Vallepu S, Barrios C, Hunter K. Comparison of comorbid conditions between
cancer survivors and age-matched patients without cancer. J Clin Med Res (2018) 10
(12):911–9. doi: 10.14740/jocmr3617w

5. American Diabetes Association. Know the diabetes-cancer link. Diabetes Cancer
(2022). Available at: https://diabetes.org/tools-support/diabetes-prevention/diabetes-and-
cancer

6. Shahid RK, Ahmed S, Le D, Yadav S. Diabetes and cancer: Risk, challenges,
management and outcomes. Cancers (2021) 13:5735. doi: 10.3390/cancers1322573

7. Tsilidis KK, Kasimis JC, Lopez DS, Ntzani EE, Ioannidis JP. Type 2 diabetes and
cancer: umbrella review of meta-analyses of observational studies. BMJ (2015) 350:g7607.
doi: 10.1136/bmj.g7607

8. Bhandari R, The JB, He T, Nakamura R, Artz AS, Jankowska MM, et al. Social
vulnerability and risk of non-relapse mortality after allogeneic hematopoietic cell
transplantation. J Natl Cancer Inst (2022) 114(11):1484–91. doi: 10.1093/jnci/djac150

9. National Cancer Institute. Cancer disparities (2022). Available at: https://www.
cancer.gov/about-cancer/understanding/disparities.

10. American Diabetes Association. Statistics about diabetes (2022). Available at:
https://diabetes.org/about-us/statistics/about-diabetes.

11. Ashing K, Rosales M, Lai L, Hurria A. Occurrence of comorbidities among
African-American and latina breast cancer survivors. J Cancer surviv Res Pract (2014)
8(2):312–8. doi: 10.1007/s11764-014-0342-x

12. Ashing KT, Lai L, Meyers E, Serrano M, George M. Exploring the association
between diabetes and breast cancer morbidity: considerations for quality care
improvements among latinas. Int J Qual Health Care (2020) 32(2):120–5. doi: 10.1093/
intqhc/mzz130

13. 2019 national healthcare quality and disparities report. Rockville, MD: Agency for
Healthcare Research and Quality (2020). Available at: https://www.ahrq.gov/sites/default/
files/wysiwyg/research/findings/nhqrdr/2019qdr.pdf.
Frontiers in Oncology 09
14. Los Angeles Almanac. Racial/Ethnic composition cities & unincorporated communities
Los Angeles county. Available at: http://www.laalmanac.com/population/po38.php.

15. Maxwell AE, Sundin P, Crespi CM. Disparities in cancer mortality in Los Angeles
county, 1999-2013: an analysis comparing trends in under-resourced and affluent regions.
Cancer causes control CCC (2020) 31(12):1093–103. doi: 10.1007/s10552-020-01346-5

16. Hales CM, Carroll MD, Kuo T, Simon PA. Diabetes and prediabetes among adults in
Los Angeles county and the united states, 1999-2006 and 2007-2014. Natl Health Stat Rep
(2019) 123:1–8.

17. Los Angeles County Department of Public Health. What is a service planning area? LA
County Dep Public Health (2022). Available at: http://publichealth.lacounty.gov/chs/spa4/index.
htm.

18. National Center for Health Statistics. About the national health interview survey
(2022). Available at: https://www.cdc.gov/nchs/nhis/about_nhis.htm.

19. National Center for Health Statistics. National health interview survey, 2021.
public-use data file and documentation (2022). Available at: https://www.cdc.gov/nchs/
nhis/data-questionnaires-documentation.htm.

20. National Center for Health Statistics. National health interview survey, 2021 survey
description (2022). Available at: https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_
Documentation/NHIS/2021/srvydesc-508.pdf.

21. City of Hope. About us (2022). Available at: https://www.cityofhope.org/.

22. City of Hope. One city, many locations (2022). Available at: https://www.
cityofhope.org/locations.

23. National Center for Health Statistics. 2021 national health interview survey
questionnaire (2022). Available at: https://www.cdc.gov/nchs/nhis/2021nhis.htm.

24. Heeringa SG, West BT, Berglund PA. Applied survey data analysis. 2nd ed.
Chapman and Hall/CRC (2017). doi: 10.1201/9781315153278

25. The California Association of Public Hospitals and Health Systems (CAPH).
Whole person care makes progress in care coordination, improving care for vulnerable
patients. California Association of Public Hospitals and Health Systems (2019). Available
at: https://caph.org/2019/11/19/whole-person-care-makes-progress-in-care-
coordination-improving-care-for-vulnerable-patients/

26. Los Angeles County Department of Health Services.Whole person care Los Angeles
impact report. (2022). Available at: https://dhs.lacounty.gov/our-services/resources/
whole-person-care/

27. National Center for Health Statistics. National health and nutrition examination
survey 2017-march 2020 pre-pandemic (2022). Available at: https://wwwn.cdc.gov/nchs/
nhanes/continuousnhanes/default.aspx?cycle=2017-2020.
frontiersin.org

https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html%23:~:text=Estimated%20numbers%20of%20new%20cancer,deaths%20in%20the%20United%20States
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html%23:~:text=Estimated%20numbers%20of%20new%20cancer,deaths%20in%20the%20United%20States
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html%23:~:text=Estimated%20numbers%20of%20new%20cancer,deaths%20in%20the%20United%20States
https://doi.org/10.1186/s12885-019-6472-9
https://doi.org/10.14740/jocmr3617w
https://diabetes.org/tools-support/diabetes-prevention/diabetes-and-cancer
https://diabetes.org/tools-support/diabetes-prevention/diabetes-and-cancer
https://doi.org/10.3390/cancers1322573
https://doi.org/10.1136/bmj.g7607
https://doi.org/10.1093/jnci/djac150
https://www.cancer.gov/about-cancer/understanding/disparities
https://www.cancer.gov/about-cancer/understanding/disparities
https://diabetes.org/about-us/statistics/about-diabetes
https://doi.org/10.1007/s11764-014-0342-x
https://doi.org/10.1093/intqhc/mzz130
https://doi.org/10.1093/intqhc/mzz130
https://www.ahrq.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/2019qdr.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/2019qdr.pdf
http://www.laalmanac.com/population/po38.php
https://doi.org/10.1007/s10552-020-01346-5
http://publichealth.lacounty.gov/chs/spa4/index.htm
http://publichealth.lacounty.gov/chs/spa4/index.htm
https://www.cdc.gov/nchs/nhis/about_nhis.htm
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHIS/2021/srvydesc-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHIS/2021/srvydesc-508.pdf
https://www.cityofhope.org/
https://www.cityofhope.org/locations
https://www.cityofhope.org/locations
https://www.cdc.gov/nchs/nhis/2021nhis.htm
https://doi.org/10.1201/9781315153278
https://caph.org/2019/11/19/whole-person-care-makes-progress-in-care-coordination-improving-care-for-vulnerable-patients/
https://caph.org/2019/11/19/whole-person-care-makes-progress-in-care-coordination-improving-care-for-vulnerable-patients/
https://dhs.lacounty.gov/our-services/resources/whole-person-care/
https://dhs.lacounty.gov/our-services/resources/whole-person-care/
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?cycle=2017-2020
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?cycle=2017-2020
https://doi.org/10.3389/fonc.2022.1099566
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Racial disparities in diabetes prevalence among cancer patients
	Introduction
	Methods
	Data Source
	Measures
	Data analysis

	Results
	National level
	SPA level

	Conclusion
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


