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Abstract

Background: The association between health literacy and all-cause mortality among
cancer patients remains unclear.

Methods: This is a retrospective cohort study of 9603 patients diagnosed with
prostate, lung, breast, renal, colorectal, brain, head and neck, bladder, pancreatic,
liver, sarcoma, and gastric cancers who were screened for health literacy between
2008 and 2018, using the Brief Health Literacy Screen (BHLS). Higher scores (range,
3-15) indicate higher health literacy. The association between all-cause mortality
and health literacy was estimated using multivariable Cox proportional hazards
models.

Results: A total of 8608 (89%) patients were non-Hispanic White. The median
follow-up was 3.1 years. Patients with a BHLS score of 15 had a median survival
improvement of 9.4 months (95% confidence interval [Cl], 6.0-13.2 months)
compared to those with a score of 9. Lower BHLS scores (9 vs. 15) were associated
with higher mortality in stages Il (adjusted hazard ratio [aHR], 2.6 [95% Cl, 1.5-5.1])
and Il (aHR 2.9 [95% ClI, 1.4-6.0]) prostate cancer; stages | (aHR 1.7 [95% ClI, 1.1-
2.5]) and IV (aHR, 1.6 [95% Cl, 1.2-2.1]) lung cancer; stage | colorectal cancer (aHR,
2.2 [95% CI, 1.3-4.7]); stage | renal cancer (aHR, 1.8 [95% CI, 1.1-3.4]); stages |
(aHR, 2.6 [95% CI, 1.3-7.1]) and IV (aHR, 1.7 [95% CI, 1.2-2.7]) head and neck
cancer; stage Il bladder cancer (aHR, 1.6 [95% Cl, 1.0-2.8]); stage | liver cancer
(aHR, 4.1 [95% ClI, 1.9-9.3]); and all stages of breast cancer.

Conclusions: Lower health literacy was associated with higher all-cause mortality

among patients with 12 different types of cancer, varying by cancer type and stage.
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HEALTH LITERACY AND MORTALITY IN CANCER

INTRODUCTION

Health literacy, or the degree to which individuals have the ability to
find, understand, and use information to inform health-related de-
cisions, is an important determinant of health.

Across the United States, only 12% of the adult population
report proficient health literacy.? Despite recognition by health care
professionals and policymakers of health literacy as a costly and
significant public health problem since 2000,° it is estimated that in
2017, only 27% of adults had their understanding checked by their
health care providers.*®

Approximately 2 million US patients are diagnosed with cancer
annually,® necessitating an understanding of unfamiliar concepts and
the navigation of complex decision-making among various treatment
options.” Although the impact of health literacy on outcomes,
including mortality, has been studied across medical conditions such
as diabetes, heart failure, and renal transplant,a'14 studies in cancer
care are limited to decision-making regarding screening, quality-of-
life outcomes, and treatment choices.?®> % Consequently, a gap re-
mains in the literature regarding the association of health literacy
and mortality among cancer patients, which may be partly due to the
paucity of large-scale data on individuals’ health literacy levels.

In 2010, our institution incorporated routine health literacy
screening into clinical assessment and electronic health records
(EHR) for all admitted patients, including cancer patients, using the
validated Brief Health Literacy Screen (BHLS).2° Now, with health
literacy data on more than 450,000 patients across the medical
center, we conducted a retrospective cohort study to evaluate the
association between health literacy and all-cause mortality among
patients diagnosed with 12 different types of cancer.

MATERIALS AND METHODS
Study cohort

In this retrospective study, we used the Vanderbilt Ingram Cancer
Center registry and EHR system to extract records of 9603 patients
older than 18 years who were both diagnosed with cancer between
2008 and 2015 and screened for health literacy information. The
cohort included patients who were diagnosed or previously treated
elsewhere and were referred for further care. Data on disease
characteristics and outcomes were retrieved from the cancer regis-
try and linked with data from EHR, including health literacy infor-
mation. We queried our cancer registry and only included solid
tumors with a sufficient number of patients (>250 patients per
cancer) with available BHLS scores, as well as complete cancer
staging and treatment information to allow for multivariable analysis.
The types of cancer included were prostate, lung, breast, renal,
colorectal, brain, head and neck, bladder, pancreatic, liver, sarcoma,
and gastric cancers. Institutional review board approval was ob-
tained at Vanderbilt University Medical Center and waived informed

consent for chart review.

Exposure (health literacy)

Health literacy was measured using the validated BHLS at the time of
the initial hospital encounter in both inpatient and outpatient set-
tings.?1"2® Beginning in 2010, nurses routinely administered the
BHLS as part of the admission intake and documented scores in the
EHR, as previously described.?%?* The BHLS contains the following
three questions: 1) How confident are you in filling out medical forms
by yourself?; 2) How often do you have someone help you read
hospital materials?; and 3) How often do you have problems learning
about your medical condition because of difficulty understanding
written information? Higher scores (range, 3-15) indicate higher
health literacy. BHLS scores were analyzed as a continuous variable
to avoid loss of information and minimize bias.2*?? To make findings
more interpretable, model outputs were expressed comparing a pri-
ori determined BHLS scores of 15 versus 9 consistent with prior
studies that considered a score of 15 to represent adequate health

literacy and a score <9 to represent low health literacy.”?°

Outcome (all-cause mortality)

The primary outcome was all-cause mortality. Vitality data was
abstracted from the cancer registry, EHR, or patient contact. Follow-
up data were obtained through December 2, 2018. Time to mortality

was calculated from the time of diagnosis.

Statistical and patient analysis

Patient age, self-reported gender and race/ethnicity, marital status,
highest level of education, insurance status, Elixhauser comorbidity
score,?® treatments received (chemotherapy, surgery, radiation
therapy, immunotherapy, hormonal therapy, observation, or pallia-
tive care), and clinical cancer staging were reviewed from the EHR.
Cancer staging was determined using the American Joint Committee
on Cancer (AJCC) 8th edition for each respective malignancy.?”
Patient and cancer characteristics were summarized using median
and interquartile ranges or mean and standard deviation for contin-
uous variables and counts and percentages for categorical variables.
The association between health literacy and all-cause mortality was
estimated using Cox proportional hazards models for each of the 12
cancer types. Models were adjusted for age, gender, race/ethnicity,
AJCC cancer stage, Elixhauser comorbidity score, treatment type, and
insurance status. To account for potential nonlinear associations with
the outcome, age and health literacy were included using restricted
cubic splines with three knots, and AJCC stage was included as a
second-degree polynomial. An interaction term between stage and
health literacy score was also included in the model. For some cancer
types, not all variables were meaningful and were excluded from the
analysis. For example, gender was excluded when analyzing breast and
prostate cancer, and AJCC stage was excluded in the model for brain

cancer. Education attainment was not included in the models because
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health literacy and years of education are on the same causal
pathway.?® Last, this was a complete case analysis; patients with
missing covariates were excluded from the analysis.

To assess the association between health literacy and all-cause
mortality in each cancer type, a model-based summary measure
(median survival time) on an absolute scale, rather than a relative
scale, was calculated. The difference in median survival between a
priori selected BHLS scores 15 versus 9 was reported and was
marginalized over the observed sample covariate distribution. Stan-
dard errors were estimated from 100 bootstrap replicates. An overall
measure of the association between health literacy and mortality was
calculated by weighting and averaging the difference in median sur-
vival estimates across cancer types. The individual cancer-specific
estimate was weighted by the inverse variance of the estimate.

Moreover, we calculated the summary quantity of interest,
model-based relative hazard of mortality, by comparing the a priori
selected BHLS score of 9 versus 15 for each AJCC stage with each
cancer type where applicable. Standard errors and corresponding
confidence intervals were generated from 500 bootstrap replicates.
Multiple comparisons adjustments were not applied.

Last, partial effect plots of the log relative hazard were constructed
to visualize potentially nonlinear associations between BHLS score,
AJCC cancer stage, and all-cause mortality. Confidence intervals were
calculated from model-based standard errors. Predictor variables for the
other covariates in the model were set to a reference value, where
median values were used for the continuous covariates and mode values
for categorical covariates. All analyses were performed in R version

4.2.2, the RMS package, and the survival packag(—:-.”'?’O

RESULTS
Baseline characteristics

Demographics and baseline characteristics are summarized in Table 1
(n = 9603). The median age was 62.2 years (interquartile range [IQR],
53.7-69.6). The cohort included 8608 (89%) non-Hispanic White
patients, 859 (9%) non-Hispanic Black patients, 81 (1%) Hispanic
patients, and 81 (1%) Asian patients. In total, there were 3775 (39%)
female patients, and most patients (96%) had health insurance at the
time of diagnosis. Prostate cancer was the most common type of
cancer (20% of cohort), whereas gastric cancer was the least common
(3% of cohort). For the entire cohort (excluding brain cancer), 4867
(55%) patients were diagnosed with either AJCC stage | or Il cancers.
Most patients were managed with surgery (75%), chemotherapy
(35%), and/or radiation therapy (26%). Characteristics of patients
stratified by cancer type are shown in Tables S1-512.

BHLS scores

The median BHLS score for the entire cohort was 13 (IQR, 10-15). A
total of 2210 (26.5%) patients had a BHLS score of <9. The

TABLE 1
treatments.

Patient demographics, cancer characteristics, and

Variable

Median age (years)

Sex, No. (%)
Male
Female

Race/ethnicity, No. (%)
Non-Hispanic White
Non-Hispanic Black
Asian
Hispanic
American Indian/Alaska Native
Native Hawaiian
Unknown

Insurance, No. (%)
Federal
Private
Insurance NOS
Uninsured

Marital status, No. (%)
Married/partnered
Separated/divorced
Single
Widowed
Unknown
Missing

Year of diagnosis, No. (%)
2008
2009
2010
2011
2012
2013
2014
2015

Education level, No. (%)
Less than high school
High school/GED
Some college
College degree
Graduate/professional degree

Unknown

62.2 (53.7,69.6)

5828 (60.7)
3775 (39.3)

8608 (88.9)
859 (9.0)
136 (1.4)

81 (0.8)
9(0.1)
5(0.1)
2 (0.0)

4911 (51.1)

3366 (35.1)
960 (10.0)
366 (3.8)

6530 (68.0)
1204 (12.5)
958 (10.0)
829 (8.6)
73(0.8)

9(0.1)

365 (3.8)
479 (5.0)
1014 (10.6)
1878 (19.6)
1868 (19.5)
1830 (19.1)
1550 (16.1)
619 (6.5)

643 (6.7)
2308 (24.0)
1386 (14.4)
1091 (11.4)

676 (7.0)
3499 (36.4)

(Continues)
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TABLE 1 (Continued)

Variable

Median BHLS score (IQR) 13 (10,15)

Mean Elixhauser comorbidity score, SD 3.57 (7.45)

Stage at diagnosis, No. (%)
Stage | 2394 (26.9)
Stage Il 2473 (27.8)
Stage Il 1768 (19.8)
Stage IV 1971 (22.1)
In situ (unstaged) 305 (3.4)

Treatment, No. (%)
Chemotherapy 3358 (35.0)
Hormone 776 (8.1)
Immunotherapy 221 (2.3)
Observation 319 (3.3)
Palliative care 508 (5.3)
Radiation 2461 (25.6)
Surgery 7180 (74.8)

Cancer type, No. (%)
Prostate 1629 (20.0)
Lung 1482 (15.4)
Breast 1053 (11.0)
Renal 939 (9.8)
Colorectal 911 (9.5)
Brain 718 (7.5)
Head and neck 703 (7.3)
Bladder 578 (6.0)
Pancreatic 475 (5.0)
Liver 395 (4.1)
Sarcoma 391 (4.1)
Gastric 329 (3.4)

Abbreviations: BHLS, Basic Health Literacy Screen; GED, general
edicational developement; IQR, interquartile range; No., Number; NOS,
Not Otherwise Specified; SD, standard deviation.

distribution of health literacy scores by quartiles for all patients is
shown in Table S13. Figure 1 shows the median BHLS scores strati-
fied by AJCC stage for patients with prostate, lung, breast, colorectal,
and pancreatic cancer. Scores for the remainder of the study cohort

are shown in Figure S1.

Health literacy and all-cause mortality

The median follow-up for all patients included in the study was 3.1
years (IQR, 1.3-4.9). At the time of the last follow-up, 3941 (41%)

had died. The difference in median survival time comparing scores of
15 to 9 for each cancer is reported in Figure 2. An adjusted weighted
average of the differences, combining all cancer types in the analysis,
showed an improved median survival of 9.4 months (95% Cl, 6.0-
13.2 months) in patients with a BHLS score of 15 compared to 9.

Higher health literacy was associated with longer survival in
most cancer types. When restricting the analysis by cancer type, a
BHLS score of 15 compared to 9 was associated with a significantly
higher overall survival among those with head and neck cancer
(adjusted difference in median survival, 2.0 years [95% Cl, 0.8-3.1]),
prostate cancer (adjusted difference in median survival, 1.6 years
[95% Cl, 0.2-3.0]), brain cancer (adjusted difference in median sur-
vival, 1.0 years [95% Cl, 0.3-1.8]), bladder cancer (adjusted differ-
ence in median survival, 1.0 years [95% Cl, 0.2-1.8]), lung cancer
(adjusted difference in median survival, 1.0 year [95% ClI, 0.1-1.6]),
colorectal cancer (adjusted difference in median survival, 0.8 years
[95% CI, 0.2-1.5) and breast cancer (adjusted difference in median
survival, 0.7 years [95% Cl, 0.3-1.5]).

Health literacy score was also associated with survival within
specific stages of certain cancer types (Figures 3 and 4; Figures S2 and
S3). In adjusted analyses that stratified by AJCC stage, a BHLS score of
9 compared to 15 was associated with a higher risk of mortality among
all AJCC stages of breast cancer patients (e.g., stage | breast cancer:
adjusted HR, 3.3 [95% ClI, 2.0-5.3]); AJCC stage Il (adjusted hazard
ratio[HR],2.6[95% Cl, 1.5-5.1]) and stage |1l (adjusted HR, 2.9[95% Cl,
1.4-6.0]) prostate cancer patients; AJCC stage | (adjusted HR, 1.7 [95%
Cl, 1.1-2.5]) and stage IV (adjusted HR, 1.6 [95% CI, 1.2-2.1]) lung
cancer patients; stage | colorectal cancer patients (adjusted HR, 2.2
[95% Cl, 1.3-4.7]); stage | renal cancer patients (adjusted HR, 1.8 [95%
Cl, 1.1-3.4]); stage | (adjusted HR, 2.6 [95% ClI, 1.3-7.1]) and stage IV
(adjusted HR, 1.7 [95% ClI, 1.2-2.7]) head and neck cancer patients;
stage Il bladder cancer patients (adjusted HR, 1.6 [95% Cl, 1.0-2.8);
stage | liver cancer patients (adjusted HR, 4.1 [95% CI, 1.9-9.3]); and
brain cancer patients (adjusted HR, 1.5 [95% Cl, 1.1-2.3]). However,
there were no significant differences in all-cause mortality and BHLS
scores (9 vs 15) by AJCC stages among patients with sarcoma, gastric
cancer, and pancreatic cancer.

DISCUSSION

To our knowledge, the current study is the first to assess the asso-
ciation between health literacy and all-cause mortality among
different cancer types. In this analysis, which included almost 10,000
patients with 12 different types of malignancies, health literacy was
found to be associated with all-cause mortality in some cancers.
Averaged across 12 cancer types, high health literacy (BHLS score 15
vs. 9) was associated with improved overall survival by almost 9
months. Among individual cancers, higher health literacy was asso-
ciated with increased overall survival in head and neck, prostate,
brain, bladder, lung, colorectal, and breast cancers. Specifically, when
analyzing individual cancers by stage, high health literacy was asso-

ciated with higher survival rates in stage | lung, breast, colorectal,
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FIGURE 1 BHLS score among patients diagnosed with prostate, lung, breast, colorectal, and pancreatic cancer. Box plots demonstrating

BHLS scores in patients by cancer stage among patients diagnosed with (A) prostate, (B) lung, (C) breast, (D) colorectal, and (E) pancreatic
cancer. BHLS, Brief Health Literacy Screen.

renal, head and neck, and liver cancers; stage |l prostate, bladder, and The differential mortality outcomes observed in this study
breast cancers; stage Ill prostate and breast cancers; and stage IV among cancer patients with lower health literacy compared with

prostate, breast, and head and neck cancers. those with higher health literacy are likely multifactorial.
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FIGURE 2 Adjusted differences in median survival between
cancer patients with adequate health literacy compared to those
with low health literacy. Difference in overall survival in years
between patients with adequate health literacy relative (BHLS
score 15) to low health literacy (BHLS score 9) in all cancer patients
and among 12 individual cancer types, ordered by the magnitude of
increased overall survival. The dot indicates the point estimate, and
the line represents the confidence interval. BHLS, Brief Health
Literacy Screen.

Differences in mortality outcomes were seen within both early
and advanced stages in certain cancers, suggesting worse treatment-
related outcomes across different stages among those with lower
health literacy. Higher mortality among patients with lower health
literacy in early-stage diseases, such as breast, prostate, renal, and
colorectal cancers, may be due to inadequate comprehension of
early-stage interventions, involvement in self-management prac-

tices,%?

and/or worse outcomes following surgical treatment and
active surveillance.?*3? Specifically, previous studies have demon-
strated that among surgical patients, lower health literacy was
associated with higher rates of postoperative complications and
longer index hospitalization. The reason for these outcomes is likely
multifactorial and related to limited understanding, compliance to
pre- and postoperative instructions, more substantial comorbidities,
less chronic disease control, as well as more social risk factors such as
lack of transportation and social support.®33#

This study also demonstrated poorer outcomes in late-stage

cancers which may relatively exhibit more indolent disease features

and involve multiple lines of therapies compared to others, including
head and neck, breast, and prostate cancers. Specifically, these can-
cers require patients to engage in complex decision-making, behavior
modifications (e.g., smoking cessation), and long-term treatment
adherence.*> 8 The differences observed among patients with lower
health literacy with a relatively slowly progressing late-stage disease
could be, in part, attributed to low adherence to treatment plans,
including hormonal therapy or chemotherapy, and reduced partici-
pation in clinical trials.3%4°

Conversely, in most advanced cancer stages or in malignancies
with high lethality, such as gastric or pancreatic cancers, aggres-
sive disease biology may play a larger role in determining out-
comes, attenuating the potential association between health
literacy and survival.® Moreover, although this study did not spe-
cifically assess for the association between health literacy and
stage of cancer diagnosis, studies have shown that patients with
lower health literacy have lower screening rates and less general
low health

cancer-related knowledge among patients with

literacy, possibly resulting in missed opportunities for earlier di-
agnoses.“"‘“’43

Although prior studies have demonstrated worse survival out-
comes among specific groups that might be included in our cohort,
such as older adults, individuals with heart failure, or those with end-
stage renal disease, our findings indicate that a cancer diagnosis
uniquely subjects individuals with low health literacy to worse out-
comes. This is further highlighted by the variation observed in the
association between health literacy and mortality by cancer type and
stage, such as low health literacy being associated with mortality in
stage Il prostate cancer but not in stage I.

From an epidemiological standpoint, health literacy emerged as a
significant social determinant of health, elucidating disparities in
outcomes among individuals with chronic medical conditions.** As
such, policymakers and governmental agencies have prioritized
setting forth strategies to improve health literacy. Such efforts
encompass the National Action Plan to improve health literacy and
the establishment of health literacy as an overarching goal in Healthy
People 2030.% Our results have several important implications for
cancer patients. First, we endorse the routine collection of health
literacy information in patients diagnosed with cancer. Second, we
encourage the adoption of strategies to improve organizational
health literacy in facilities providing care for cancer patients.*® Third,
our findings highlight that not all cancer patients with low health
literacy experience worse outcomes. As such, observational studies
are needed to explore the reasons or mechanisms by which health
literacy impacts outcomes for each cancer type individually, recog-
nizing that these mechanisms may vary across different cancers and
stages. Ultimately, these studies could inform hybrid effectiveness-
implementation research, including in nontertiary facilities, to test
interventions targeting potential mechanisms by which low health
literacy affects outcomes across the cancer care continuum. These
may include focused education on cancer surveillance, decision-
making, or treatment adherence tailored to specific cancer types

and stages.
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FIGURE 3 Differences in survival in prostate, lung, breast, colorectal, and pancreatic cancer among patients with a low health literacy

compared to adequate health literacy by cancer stage. Adjusted hazard ratio for all-cause mortality among different stages of (A) prostate,
(B) lung, (C) breast, (D) colorectal, and (E) pancreatic cancer for patients with a BHLS score of 15 compared to 9. BHLS, Brief Health Literacy
Screen.
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Limitations

This study has several limitations. First, the findings in this observa-
tional study are not causal. Randomized clinical trials are needed to
answer the causal question as to whether an intervention that im-
proves or effectively mitigates low health literacy would impact sur-
vival rates. Second, although overall survival is perhaps the most
salient outcome, the study did not ascertain disease-specific survival.
Although overall survival might serve as a surrogate for cancer-specific
survival in advanced-stage disease, it may overestimate the relation-
ship between health literacy and cancer-specific outcomes. Third, this
is a single tertiary institution retrospective study with a relatively
homogeneous cohort (90% non-Hispanic White patients). Nonethe-
less, it represents one of the largest studies assessing health literacy
and survival outcomes.*33%%7750 Fourth, the study cohort had a rela-
tively high health literacy, likely because patients are from a tertiary
referral center, and results might be different in other health care
delivery systems, such as safety-net hospitals. Fifth, health literacy was
not measured at the time of diagnosis for all patients. Additionally, due
to the extensive referral base of our cancer center and the complexity
of cancer care, which often involves multiple steps and treatment
modalities, we were unable to quantify the number of patients who
were referred for treatment or had previously received treatment
elsewhere. Health literacy scores are stored in an institutional data-
base, which includes all BHLS data collected since 2010; we and others
generally consider health literacy a stable trait in adulthood.’? It is not
known if health literacy changes following diagnosis or treatment.
However, we were not able to harmonize the time of diagnosis and
assessment of health literacy in every patient. Future work among
patients with cancers that have prolonged survival can present an
opportunity to reassess health literacy improves during survivorship.
Sixth, the study did not include other cancers that may have an asso-
ciation with literacy, such as cervical or ovarian cancer, due to the low
availability of eligible patients. Seventh, although the study included
detailed information on comorbidity status and insurance type, it
lacked information on other potential confounders, such as smoking or
alcohol use and primary language, as well as detailed information on
treatments delivered, treatment plan adherence or refusal, urban
versus rural residence, income, and access to digital health information
and digital health literacy that are important areas for future study.
Notwithstanding these limitations, the study is one of the first to assess
health literacy in relation to all-cause mortality among cancer patients
and is bolstered by its large size and diverse range of cancer types and
stages.

In conclusion, among patients with 12 different types of cancer,
lower health literacy, measured with BHLS, was associated with
higher all-cause mortality that differed across many cancer types and

stages.

AUTHOR CONTRIBUTIONS
Bashir Al Hussein Al Awamlh: Writing-original draft; writing-review
and editing; methodology; and investigation. Kelvin A. Moses:

Conceptualization; writing-original draft; writing-review and editing;

project administration; supervision; and investigation. Julia Whitman:
Data curation; software; methodology; writing-review and editing;
and formal analysis. Thomas Stewart: Methodology; software; data
curation; writing-review and editing; and formal analysis. Sunil Kri-
palani: Investigation; conceptualization; writing-review and editing;
supervision; and resources. Kamran Idrees: Conceptualization; inves-
tigation; writing-review and editing; supervision; resources; and
funding acquisition.

ACKNOWLEDGMENTS

Kamran Idrees acknowledges recieving a Society of Surgical
Oncology Foundation Young Investigator Award for a grant titled
“Health Literacy and Cancer Outcomes.”

CONFLICT OF INTEREST STATEMENT

Sunil Kripalani reports consulting fees from Bayer and Gilead Sci-
ences Inc. Kelvin A. Moses reports participation on a data and safety
monitoring board for Boston Scientific Corporation; and fees for
other professional activities from the End Point Review Committee,
National Comprehensive Cancer Network. Thomas Stewart reports
participation on data and safety monitoring boards for Eli Lilly and
Company and the National Institutes of Health. The other authors
declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author on reasonable request.

ORCID
Bashir Al Hussein Al Awamlh
4951

Kelvin A. Moses

Thomas Stewart

https://orcid.org/0000-0001-8552-

https://orcid.org/0000-0003-3231-2941
https://orcid.org/0000-0002-5138-0758

REFERENCES

1. Santana S, Brach C, Harris L, et al. Updating health literacy for
Healthy People 2030: defining its importance for a new decade in
public health. J Publ Health Manag Pract. 2021;27(suppl 6):5258-
S264. doi:10.1097/phh.0000000000001324

2. Kutner M, Greenburg E, Jin Y, Paulsen C. National Center for Edu-
cation Statistics. In: The health literacy of America's adults: Results from
the 2003 National Assessment of Adult Literacy. U.S. Department of
Education, National Center for Education Statistics; 2006. https://
nces.ed.gov/pubs2006/2006483.pdf

3. Vernon JA, Trujillo A, Rosenbaum SJ, DeBuono B. Low health liter-
acy: implications for national health policy. 2007; Department of
Health Policy, School of Public Health and Health Services, The
George Washington University.

4. Healthy People 2010 Final Review. CDC National Center For Heatlh
Statistics; 2010. https://www.cdc.gov/nchs/healthy_people/hp2010/
hp2010_final_review.htm

5. 2021 National Healthcare Quality and Disparities Report. Agency
for Healthcare Research and Quality (AHRQ); 2021. https://www.
ahrg.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/
2021qdr.pdf

6. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin. 2023;73(1):17-48. doi:10.3322/caac.21763


https://orcid.org/0000-0001-8552-4951
https://orcid.org/0000-0001-8552-4951
https://orcid.org/0000-0001-8552-4951
https://orcid.org/0000-0003-3231-2941
https://orcid.org/0000-0003-3231-2941
https://orcid.org/0000-0002-5138-0758
https://orcid.org/0000-0002-5138-0758
https://doi.org/10.1097/phh.0000000000001324
https://nces.ed.gov/pubs2006/2006483.pdf
https://nces.ed.gov/pubs2006/2006483.pdf
https://www.cdc.gov/nchs/healthy_people/hp2010/hp2010_final_review.htm
https://www.cdc.gov/nchs/healthy_people/hp2010/hp2010_final_review.htm
https://www.ahrq.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/2021qdr.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/2021qdr.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/research/findings/nhqrdr/2021qdr.pdf
https://doi.org/10.3322/caac.21763

AL HUSSEIN AL AWAMLH €T AL

9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Davis TC, Williams MV, Marin E, Parker RM, Glass J. Health literacy
and cancer communication. CA Cancer J Clin. 2002;52(3):134-149.
doi:10.3322/canjclin.52.3.134

Arnold M, Leitzmann M, Freisling H, et al. Obesity and cancer: an
update of the global impact. Cancer Epidemiol. 2016;41:8-15. doi:10.
1016/j.canep.2016.01.003

McNaughton CD, Kripalani S, Cawthon C, Mion LC, Wallston KA,
Roumie CL. Association of health literacy with elevated blood pres-
sure: a cohort study of hospitalized patients. Med Care. 2014;
52(4):346-353. doi:10.1097/MLR.0000000000000101

Ricardo AC, Yang W, Lora CM, et al. Limited health literacy is
associated with low glomerular filtration in the Chronic Renal
Insufficiency Cohort (CRIC) study. Clin Nephrol. 2014;81(1):30-37.
doi:10.5414/CN108062

Schillinger D, Grumbach K, Piette J, et al. Association of health lit-
eracy with diabetes outcomes. JAMA. 2002;288(4):475-482. doi:10.
1001/jama.288.4.475

Baker DW, Wolf MS, Feinglass J, Thompson JA. Health literacy,
cognitive abilities, and mortality among elderly persons. J Gen Intern
Med. 2008;23(6):723-726. doi:10.1007/s11606-008-0566-4
Peterson PN, Shetterly SM, Clarke CL, et al. Health literacy and out-
comes among patients with heart failure. JAMA. 2011;305(16):1695-
1701. doi:10.1001/jama.2011.512

Warsame F, Haugen CE, Ying H, et al. Limited health literacy and
adverse outcomes among kidney transplant candidates. Am J
Transplant. 2019;19(2):457-465. doi:10.1111/ajt.14994

Holden CE, Wheelwright S, Harle A, Wagland R. The role of health
literacy in cancer care: a mixed studies systematic review. PLoS One.
2021;16(11):e0259815. doi:10.1371/journal.pone.0259815
Komenaka IK, Nodora JN, Hsu CH, et al. Association of health literacy
with adherence to screening mammography guidelines. Obstet Gyne-
col. 2015;125(4):852-859. doi:10.1097/a0g.0000000000000708
Reyes-Ortiz CA, Camacho ME, Amador LF, Velez LF, Ottenbacher
KJ, Markides KS. The impact of education and literacy levels on
cancer screening among older Latin American and Caribbean adults.
Cancer Control. 2007;14(4):388-395. doi:10.1177/10732748070140
0409

Smith SK, Simpson JM, Trevena LJ, McCaffery KJ. Factors associated
with informed decisions and participation in bowel cancer screening
among adults with lower education and literacy. Med Decis Making.
2014;34(6):756-772. doi:10.1177/0272989x13518976
Nierengarten MB. Health literacy may determine treatment choice
for favorable-risk prostate cancer: Results from a new trial show
that men with low health literacy are less likely to choose active
surveillance for prostate cancer after genomic testing. Cancer.
2021;127(16):2825-2826. doi:10.1002/cncr.33784

Cawthon C, Mion LC, Willens DE, Roumie CL, Kripalani S. Imple-
menting routine health literacy assessment in hospital and primary
care patients. Jt Comm J Qual Patient Saf. 2014;40(2):68-76. doi:10.
1016/s1553-7250(14)40008-4

Chew LD, Bradley KA, Boyko EJ. Brief questions to identify patients
with inadequate health literacy. Fam Med. 2004;36(8):588-594.
Chew LD, Griffin JM, Partin MR, et al. Validation of screening ques-
tions for limited health literacy in a large VA outpatient population. J
Gen Intern Med. 2008;23(5):561-566. d0i:10.1007/s11606-008-
0520-5

Wallston KA, Cawthon C, McNaughton CD, Rothman RL, Osborn
CY, Kripalani S. Psychometric properties of the brief health literacy
screen in clinical practice. J Gen Intern Med. 2014;29(1):119-126.
doi:10.1007/s11606-013-2568-0

Wright JP, Edwards GC, Goggins K, et al. Association of health lit-
eracy with postoperative outcomes in patients undergoing major
abdominal surgery. JAMA Surg. 2018;153(2):137-142. doi:10.1001/
jamasurg.2017.3832

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

McNaughton CD, Cawthon C, Kripalani S, Liu D, Storrow AB, Roumie
CL. Health literacy and mortality: a cohort study of patients hospi-
talized for acute heart failure. J Am Heart Assoc. 2015;4(5):e001799.
doi:10.1161/JAHA.115.001799

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity mea-
sures for use with administrative data. Med Care. 1998;36(1):8-27.
doi:10.1097/00005650-199801000-00004

Amin MB, Edge SB, Greene FL, et al. AJCC Cancer Staging Manual. 8th
ed. Springer; 2017.

DeWalt DA, Pignone MP. Reading is fundamental: the relationship
between literacy and health. Arch Intern Med. 2005;165(17):1943-
1944. doi:10.1001/archinte.165.17.1943

R Core Team. R: A Language and Environment for Statistical
Computing; 2023. Accessed January 12, 2024. https://www.R-
project.org/

Therneau TM, Grambsch PM. Modeling Survival Data: Extending the
Cox Model. Springer; 2000.

Papadakos JK, Hasan SM, Barnsley J, et al. Health literacy and
cancer self-management behaviors: a scoping review. Cancer.
2018;124(21):4202-4210. doi:10.1002/cncr.31733

Scarpato KR, Kappa SF, Goggins KM, et al. The impact of health
literacy on surgical outcomes following radical cystectomy. J Health
Commun. 2016;21(supp 2):99-104. doi:10.1080/10810730.2016.
1193916

Theiss LM, Wood T, McLeod MC, et al. The association of health
literacy and postoperative complications after colorectal surgery: a
cohort study. Am J Surg. 2022;223(6):1047-1052. doi:10.1016/j.
amjsurg.2021.10.024

Boyle J, Speroff T, Worley K, et al. Low health literacy is associated
with increased transitional care needs in hospitalized patients. J
Hosp Med. 2017;12(11):918-924. doi:10.12788/jhm.2841

Lillie SE, Brewer NT, O'Neill SC, et al. Retention and use of breast
cancer recurrence risk information from genomic tests: the role of
health literacy. Cancer Epidemiol Biomarkers Prev. 2007;16(2):249-
255. doi:10.1158/1055-9965.Epi-06-0525

Mahal B, Chen M-H, Bennett C, et al. High PSA anxiety and low
health literacy skills: drivers of early use of salvage ADT among men
with biochemically recurrent prostate cancer after radiotherapy?
Ann Oncol. 2015;26(7):1390-1395. doi:10.1093/annonc/mdv185
Schmidt A, Ernstmann N, Wesselmann S, Pfaff H, Wirtz M, Kowalski
C. After initial treatment for primary breast cancer: information
needs, health literacy, and the role of health care workers. Support
Care Cancer. 2016;24(2):563-571. doi:10.1007/s00520-015-2814-6
Clarke N, Dunne S, Coffey L, et al. Health literacy impacts self-
management, quality of life and fear of recurrence in head and
neck cancer survivors. J Cancer Surviv. 2021;15(6):855-865. doi:10.
1007/s11764-020-00978-5

Busch EL, Martin C, DeWalt DA, Sandler RS. Functional health lit-
eracy, chemotherapy decisions, and outcomes among a colorectal
cancer cohort. Cancer Control. 2015;22(1):95-101. doi:10.1177/
107327481502200112

Polite BN, Cipriano-Steffens TM, Liao C, Miller EL, Arndt NL, Hahn
EA. Investigation of a multimedia, computer-based approach to
improve knowledge, attitudes, self-efficacy, and receptivity to can-
cer clinical trials among newly diagnosed patients with diverse
health literacy skills. Cancer. 2019;125(12):2066-2075. doi:10.1002/
cncr.31991

Peterson NB, Dwyer KA, Mulvaney SA, Dietrich MS, Rothman RL. The
influence of health literacy on colorectal cancer screening knowledge,
beliefs and behavior. J Natl Med Assoc. 2007;99(10):1105-1112.
Baccolini V, Isonne C, Salerno C, et al. The association between
adherence to cancer screening programs and health literacy: a sys-
tematic review and meta-analysis. Prev Med. 2022;155:106927.
doi:10.1016/j.ypmed.2021.106927


https://doi.org/10.3322/canjclin.52.3.134
https://doi.org/10.1016/j.canep.2016.01.003
https://doi.org/10.1016/j.canep.2016.01.003
https://doi.org/10.1097/MLR.0000000000000101
https://doi.org/10.5414/CN108062
https://doi.org/10.1001/jama.288.4.475
https://doi.org/10.1001/jama.288.4.475
https://doi.org/10.1007/s11606-008-0566-4
https://doi.org/10.1001/jama.2011.512
https://doi.org/10.1111/ajt.14994
https://doi.org/10.1371/journal.pone.0259815
https://doi.org/10.1097/aog.0000000000000708
https://doi.org/10.1177/107327480701400409
https://doi.org/10.1177/107327480701400409
https://doi.org/10.1177/0272989x13518976
https://doi.org/10.1002/cncr.33784
https://doi.org/10.1016/s1553-7250(14)40008-4
https://doi.org/10.1016/s1553-7250(14)40008-4
https://doi.org/10.1007/s11606-008-0520-5
https://doi.org/10.1007/s11606-008-0520-5
https://doi.org/10.1007/s11606-013-2568-0
https://doi.org/10.1001/jamasurg.2017.3832
https://doi.org/10.1001/jamasurg.2017.3832
https://doi.org/10.1161/JAHA.115.001799
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1001/archinte.165.17.1943
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1002/cncr.31733
https://doi.org/10.1080/10810730.2016.1193916
https://doi.org/10.1080/10810730.2016.1193916
https://doi.org/10.1016/j.amjsurg.2021.10.024
https://doi.org/10.1016/j.amjsurg.2021.10.024
https://doi.org/10.12788/jhm.2841
https://doi.org/10.1158/1055-9965.Epi-06-0525
https://doi.org/10.1093/annonc/mdv185
https://doi.org/10.1007/s00520-015-2814-6
https://doi.org/10.1007/s11764-020-00978-5
https://doi.org/10.1007/s11764-020-00978-5
https://doi.org/10.1177/107327481502200112
https://doi.org/10.1177/107327481502200112
https://doi.org/10.1002/cncr.31991
https://doi.org/10.1002/cncr.31991
https://doi.org/10.1016/j.ypmed.2021.106927

10 of 10

HEALTH LITERACY AND MORTALITY IN CANCER

43.

44,

45.

46.

47.

48.

49.

Jamieson SC, Mallory CW, lJivanji DR, et al. The role of health lit-
eracy in prostate cancer screening. Urology. 2022;163:112-118.
doi:10.1016/j.urology.2021.05.100

Goémez CA, Kleinman DV, Pronk N, et al. Addressing health equity
and social determinants of health through Healthy People 2030. J
Public Health Manag Pract. 2021;27(suppl 6):5249-s257. doi:10.
1097/phh.0000000000001297

U.S. Department of Health and Human Services, Office of Disease
Prevention and Health Promotion. National Action Plan to Improve
Health Literacy; 2010. https://odphp.health.gov/sites/default/files/
2019-09/Health_Literacy_Action_Plan.pdf

Brach C, Keller D, Hernandez LM, et al. Ten attributes of health
literate health care organizations. National Acadmey of Medicine;
2012. https://nam.edu/wp-content/uploads/2015/06/BPH_Ten_
HLit_Attributes.pdf

Baker DW, Wolf MS, Feinglass J, Thompson JA, Gazmararian JA,
Huang J. Health literacy and mortality among elderly persons. Arch
Intern Med. 2007;167(14):1503-1509. doi:10.1001/archinte.167.14.
1503

Bostock S, Steptoe A. Association between low functional health
literacy and mortality in older adults: longitudinal cohort study. BMJ.
2012;344:€1602. doi:10.1136/bmj.e1602

Mayberry LS, Schildcrout JS, Wallston KA, et al. Health literacy and
1-year mortality: mechanisms of association in adults hospitalized

50.

51

for cardiovascular disease. Mayo Clin Proc. 2018;93(12):1728-1738.
doi:10.1016/j.mayocp.2018.07.024

Taylor DM, Bradley JA, Bradley C, et al. Limited health literacy is
associated with reduced access to kidney transplantation. Kidney Int.
2019;95(5):1244-1252. doi:10.1016/j.kint.2018.12.021

Berkman ND, Davis TC, McCormack L. Health literacy: what is it? J
Health Commun. 2010;15(52):9-19. doi:10.1080/10810730.2010.
499985

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Al Hussein Al Awamlh B, Moses KA,
Whitman J, Stewart T, Kripalani S, Idrees K. Health literacy
and all-cause mortality among cancer patients. Cancer. 2025;
e€35794. doi:10.1002/cncr.35794


https://doi.org/10.1016/j.urology.2021.05.100
https://doi.org/10.1097/phh.0000000000001297
https://doi.org/10.1097/phh.0000000000001297
https://odphp.health.gov/sites/default/files/2019-09/Health_Literacy_Action_Plan.pdf
https://odphp.health.gov/sites/default/files/2019-09/Health_Literacy_Action_Plan.pdf
https://nam.edu/wp-content/uploads/2015/06/BPH_Ten_HLit_Attributes.pdf
https://nam.edu/wp-content/uploads/2015/06/BPH_Ten_HLit_Attributes.pdf
https://doi.org/10.1001/archinte.167.14.1503
https://doi.org/10.1001/archinte.167.14.1503
https://doi.org/10.1136/bmj.e1602
https://doi.org/10.1016/j.mayocp.2018.07.024
https://doi.org/10.1016/j.kint.2018.12.021
https://doi.org/10.1080/10810730.2010.499985
https://doi.org/10.1080/10810730.2010.499985
https://doi.org/10.1002/cncr.35794

	Health literacy and all‐cause mortality among cancer patients
	INTRODUCTION
	MATERIALS AND METHODS
	Study cohort
	Exposure (health literacy)
	Outcome (all‐cause mortality)
	Statistical and patient analysis

	RESULTS
	Baseline characteristics
	BHLS scores
	Health literacy and all‐cause mortality

	DISCUSSION
	Limitations

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


