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Abstract

Background: Undergoing cancer screening is a debatable topic in patients with cognitive impairment. In this
study, we aimed to examine the utilization and predictors of breast and colorectal cancer screening among
screening eligible, cognitively impaired individuals.

Methods: We analyzed the 2018 and 2019 National Health Interview Survey data (n = 12,965 and 24,782,
respectively) on individuals eligible for breast or colorectal cancer screening. We calculated the percentage of
cancer screening eligible individuals who received mammogram or colonoscopy by cognitive impairment status.
We used multivariable logistic regression to examine whether having a recent mammogram or colonoscopy
differed by cognitive impairment status, adjusting for covariates.

Results: We observed a significantly lower percentage of mammogram use in the screening eligible, cognitively
impaired (mild or severe) versus unimpaired women. Adjusting for the covariates, the cognitively impaired women,
mild (odds ratio [OR] = 0.85; p =0.015) or severe (OR=0.54; p < 0.001), were less likely to have had a recent
mammogram compared to the cognitively unimpaired women. Although statistically non-significant, the
percentage of colonoscopy use in the screening eligible, cognitively impaired individuals were slightly higher than
that in the cognitively unimpaired individuals. In the regression analysis, we found the cognitively impaired men,
mild (OR=0.79; p < 0.001) or severe (OR =0.69; p = 0.038), were less likely to have had a recent colonoscopy
compared to the cognitively unimpaired men. More studies are needed to examine the multilevel factors that
underpin the difference in cancer screening utilization in this vulnerable population.

Conclusion: Our results highlight the need for additional research to address utilization and effectiveness of cancer
screening in individuals with cognitive impairment.

Keywords: Dementia, Alzheimer’s disease, Mammogram, Colonoscopy, Disparity

* Correspondence: yiguo@ufl.edu

'Department of Health Outcomes and Biomedical Informatics, College of
Medicine, University of Florida, 2004 Mowry Road, PO Box 100177,
Gainesville, FL 32610, USA

Cancer Informatics Shared Resource, University of Florida Health Cancer
Center, Gainesville, FL, USA

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08321-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yiguo@ufl.edu

Yang et al. BMC Cancer (2021) 21:539

Introduction

Cancer is the second leading cause of death in the
United States (US) [1]. It is estimated that there will be
1,806,590 new cancer cases and 606,520 cancer deaths
in the US in 2020 [2]. To improve cancer survival, de-
tecting cancer early through screening tests is crucial as
it provides the best opportunity for successful treatment
and prognosis. The benefit of cancer screening tests in
relation to survival has been well documented in many
randomized clinical trials and observational studies [3—
6]. For example, a meta-analysis of randomized clinical
trials that used an intention-to-treat analysis found
biennial mammogram could reduce the lifetime risk of
breast cancer mortality among women aged 50 to 69
years exposed to screening by 19 to 22% [6]. A large pro-
spective cohort study found colonoscopy could lower
the chance of distal and proximal colorectal cancer mor-
tality by 15.3 and 32.0%, respectively [3]. Given the
benefit of cancer screening, national professional associ-
ations such as the US Preventive Services Task Force
(USPSTF) and American Cancer Society have developed
guidelines to recommend cancer screening in at-risk
populations for lung, breast, colorectal, cervical, and
prostate cancers.

On the other hand, even with the evidence-based
screening guidelines, a decision to undergo cancer
screening is not always straightforward, especially for pa-
tients with cognitive impairment which include Alzhei-
mer’s disease and related dementias (ADRD). cognitive
impairment is one of the earliest noticeable symptoms of
ADRD [7], it was defined as “having trouble remember-
ing, learning new things, concentrating, or making deci-
sions that affect their everyday life” [8]. The 2015-2018
Behavioral Risk Factor Surveillance System (BRESS) data
estimated the prevalence of subjective cognitive impair-
ment is about 11% in Americans aged 45 or older [9].
Studies show that about one in three individuals with
cognitive impairment will develop ADRD in 5 years [10].
Patients with cognitive impairment and ADRD suffer
from poor functional status, comorbid illnesses, and
shortened life expectancy [11, 12]. It is therefore unclear
whether cancer screening is useful for these individuals
or whether they should undergo cancer screening, if
otherwise eligible. Some evidence suggests that cancer
screening in cognitively impaired older adults has sur-
vival benefit [13, 14], while other studies recommend
that the cancer screening should be avoided by these in-
dividuals due to reduced life expectancy and potential
harm from cancer screening procedures [15, 16]. Due to
the lack of evidence on the effectiveness of cancer
screening in patients with cognitive impairment and
ADRD, none of the existing cancer screening guidelines
provide specific recommendations for these individuals.
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As the US population rapidly ages, the number of
Americans who live with cognitive impairment and are
simultaneously eligible for cancer screening will con-
tinue to grow. According to US Census data, the number
of Americans aged 50 and older exceeded 117 million in
2019. By 2050, this number is expected to reach 157 mil-
lion and accounting for 35% of the total population,
which means almost one in every three Americans will
be 50 years and older [17]. Considering that undergoing
cancer screening is a debatable topic in patients with
cognitive impairment and ADRD, it is important to
examine the current status of cancer screening in these
patients. In this study, we aimed to examine the
utilization pattern of breast and colorectal cancer
screening by status of cognitive impairment among
screening eligible individuals.

Methods

Data source and study population

We used the 2018 and 2019 National Health Interview
Survey (NHIS) data for this study. The NHIS is an an-
nual, nationwide cross-sectional in-person survey of the
noninstitutionalized US population. It collects data on a
broad range of health topics and is widely used in public
health research to monitor trends of illnesses and dis-
abilities in the US. Our study analyzed data from the
NHIS Sample Adult module, which contains in-depth
information on demographics, health status, health care
services and health behaviors. In the NHIS Sample Adult
module, one adult per family is randomly selected to be
interviewed. In the 2018 and 2019 NHIS data, the Sam-
ple Adult component included 25,417 and 31,997 adults,
respectively. The NHIS provided weights that consider
selection probability and nonresponse for calculating na-
tionally representative estimates. This study was based
on publicly available anonymized databases, and thus ex-
empt from ethical compliance.

Our study populations were NHIS respondents who
were eligible for breast or colorectal cancer screening
based on the USPSTF cancer screening guidelines [3, 6].
The USPSTF recommends mammogram for women
aged 50-74years every 2years, and colonoscopy for
adults aged 50-75years every 10years. The 2018 and
2019 NHIS examined the utilization of screening tests
for breast, colorectal, cervical, and prostate cancers. We
chose to exclude cervical and prostate cancers from our
analysis because (1) cervical cancer screening targets a
much younger population among whom cognitive im-
pairment is uncommon, and (2) the USPSTF concludes
that the prostate-specific antigen (PSA)-based screening
for prostate cancer is only beneficial in certain men, and
recommends against regular prostate cancer screening.
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Outcomes and exposure

Our outcomes were (1) having a recent mammogram
among women eligible for breast cancer screening, and
(2) having a recent colonoscopy among adults eligible
for colorectal cancer screening. In the NHIS, the partici-
pants were asked “have you had the test?” for each of
the cancer screening tests, with the responses being
“Yes” or “No”. For respondents who reported having had
the screening test, a second question was asked about
the most recent test: “When did you have your most re-
cent ...” . We defined women with a recent mammogram
as those who indicated having had a mammogram in the
first question and if the test was within 2years in the
second question. We defined adults with a recent colon-
oscopy as those who indicated having had a colonoscopy
in the first question and if the test was within 10 years in
the second question.

Our exposure of interest was cognitive impairment.
The respondents were asked “Do you have difficulty re-
membering or concentrating?” with the responses being
“No difficulty”, “Some difficulty”, “A lot of difficulty”, or
“Cannot do at all/unable to do”. We categorized the re-
spondents into 3 groups: unimpaired, those who chose
“No difficulty”; mildly impaired, those who chose “Some
difficulty”; and severely impaired, those who chose “A lot
of difficulty” or “Cannot do at all/unable to do”. Respon-
dents who selected the last two response categories were
combined due to small sample sizes.

Covariates

We included a number of covariates potentially related
to having a recent mammogram or colonoscopy and
cognitive impairment in our multivariable analysis, in-
cluding age (5-year age intervals), sex (men or women),
race-ethnicity, marital status, education, insurance
coverage, and disease history. Race-ethnicity was catego-
rized into Non-Hispanic White, Non-Hispanic Black,
Non-Hispanic Other, and Hispanic. Marital status was
categorized into single, live with spouse, and any other
status. Educational attainment was categorized into high
school or less and more than high school. Health insur-
ance coverage was categorized into insured and unin-
sured. Lastly, we created a chronic disease score by
summing the number of chronic diseases reported by
the respondents. The respondents were asked “Have you
EVER been told by a doctor or health professional that
you have ...? 7 for a number of chronic diseases includ-
ing hypertension, high cholesterol, coronary heart dis-
ease, angina, myocardial infarction, stroke, chronic
obstructive pulmonary disease, asthma, diabetes, and
arthritis. The chronic disease score ranged from 0 to 10,
with higher scores indicating more chronic diseases. We
created a separate indicator variable of cancer diagnosis
history because having a cancer diagnosis was reported
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to be strongly associated with one’s cancer screening be-
havior [18-20].

Statistical analysis

First, we examined differences in the covariates by cog-
nitive impairment status (impaired versus unimpaired)
using one-way ANOVA test for continuous variables
and chi-squared tests for categorical variables. Second,
we calculated the percentage of respondents eligible for
mammogram or colonoscopy who took a recent screen-
ing test. The percentage was calculated as the number of
the respondents who met the USPSTF cancer screening
criteria and received a recent cancer screening test di-
vided by the number of all respondents who met the
USPSTF cancer screening criteria. We compared the
percentages of cancer screening use in the impaired ver-
sus unimpaired respondents using the chi-squared test.
Lastly, we examined the association of cognitive impair-
ment with receipt of a cancer screening test in multivari-
able analyses. We built weighted multivariable logistic
regression models with receipt of a recent cancer screen-
ing test as the dependent variable and cognitive impair-
ment as the independent variable, adjusting for age, sex
(for colonoscopy only), race-ethnicity, marital status,
education, insurance coverage, cancer history, and
chronic disease score. Due to the well-documented sex
differences in colorectal cancer screening, we included
and tested sex-by-covariate interactions in the logistic
model for colonoscopy [21-23]. We used SAS 9.4 (Cary,
NC) for all data analysis. We performed all analyses with
the SURVEY procedures and incorporated population-
based sampling weights provided by the NHIS. We cal-
culated two-sided p-values for all statistics and consid-
ered a significance level of 0.05.

Results

Respondents’ characteristics

We summarized the respondents’ characteristics strati-
fied by cognitive impairment status in Table 1. Our
study populations included 12,965 women eligible for
screening mammogram and 24,782 individuals eligible
for colonoscopy. Among the 12,965 women eligible for
mammogram, 2704 (or 20.9%) were cognitively im-
paired, with 2407 (18.6%) and 297 (2.3%) having mild
and severe cognitive impairment, respectively. Overall,
72.6% of the women were Non-Hispanic White, 65.3%
had more than high school education, 51.9% were living
with spouse, 94.5% had health insurance, and 17.0% had
a prior cancer diagnosis. Except for race/ethnicity and
insurance coverage, each of the characteristic signifi-
cantly differed by cognitive impairment status. Com-
pared to cognitively unimpaired women, women with
mild or severe impairment were more likely to have high
school or less education (40.9% or 47.5% in the mildly or
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Table 1 Respondents’ characteristics
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Mammogram Colonoscopy
Overall Unimpaired Mildly Severely impaired  p- Overall Unimpaired Mildly Severely  p-
N=12,965 N=10,261 impaired N=297 (2.3%) value’ N=24,782 N=19,914 impaired impaired valuef
(100%) (79.1%) N = 2407 (100%) (80.4%) N=4338 N=530
(18.6%) (17.5%) (2.1%)
Age
50-54 2278 1858 (18.1%) 352 68 (22.9%) < 4405 3674 (18.5%) 628 103 (194%) < 0.001
(17.6%) (14.6%) 0.001  (17.8%) (14.5%)
55-59 2593 2083 (20.3%) 442 68 (22.9%) 4950 4050 (20.3%) 787 113 (21.3%)
(20.1%) (18.4%) (20.0%) (18.1%)
60-64 2833 2249 (21.9%) 520 64 (21.6%) 5325 4318 (21.7%) 895 112 (21.1%)
(21.8%) (21.6%) (21.4%) (20.6%)
65-69 2845 2254 (22.0%) 543 48 (16.2%) 5176 4161 (20.9%) 925 90 (17.0%)
(21.9%) (22.6%) (21.9%) (21.3%)
70-74 (75)° 2416 1817 (17.7%) 550 49 (16.5%) 4926 3711 (186%) 1103 112 (21.1%)
(18.6%) (22.9%) (19.9%) (25.4%)
Sex
Female 12,965 10,261 2407 297 (100%) - 13,345 10,543 2499 303 (57.2%) < 0.001
(100%) (100%) (100%) (53.9%) (52.9%) (57.6%)
Male - - - - 11,437 9371 (47.1%) 1839 277 (42.8%)
(46.1%) (42.4%)
Race-ethnicity®
NHW 9413 7453 (72.6%) 1744 216 (72.7%) = 18,241 14,667 3205 369 (69.6%) = 0.005
(72.6%) (72.5%) 0457 (73.6%) (73.6%) (73.9%)
NHB 1483 1159 (11.3%) 295 29 (9.8%) 2690 2104 (10.6%) 519 67 (12.6%)
(11.4%) (12.3%) (10.9%) (12.0%)
NHO 808 (6.3%) 656 (6.4%) 135 (5.6%) 17 (5.7%) 1562 (6.3%) 1281 (64%) 248 (5.8%) 33 (6.2%)
Hispanic 1261 (9.7%) 993 (9.7%) 233 (9.7%) 35 (11.8%) 2289 (9.2%) 1862 (94%) 366 (84%) 61 (11.5%)
Education®
<HS 4482 3362 (32.9%) 980 140 (47.5%) < 8863 6748 (34.0%) 1842 273 (52.0%) < 0.001
(34.7%) (40.9%) 0.001  (35.9%) (42.7%)
>HS 8436 6866 (67.1%) 1415 155 (52.5%) 15,804 13,083 2469 252 (48.0%)
(65.3%) (59.1%) (64.1%) (66.0%) (57.3%)
Marital status
Single 1203 (94%) 928 (9.2%) 238 37 (12.6%) < 2593 2002 (10.2%) 505 86 (16.5%) < 0.001
(10.0%) 0.001  (10.6%) (11.8%)
Live with 6628 5479 (54.2%) 1049 100 (34.0%) 13,617 11,384 2031 202 (38.8%)
spouse (51.9%) (44.1%) (55.8%) (58.0%) (47.6%)
Other? 4945 3699 (36.6%) 1089 157 (53.4%) 8195 6229 (31.8%) 1733 233 (44.7%)
(38.7%) (45.8%) (33.6%) (40.6%)
Insurance coverage
Insured 12,221 9668 (94.4%) 2278 275 (92.6%) = 23,251 18,643 4109 499 (943%) = 0.033
(94.5%) (94.9%) 0249  (94.0%) (93.8%) (94.9%)
Uninsured 714 (55%) 569 (5.6%) 123 (5.1%) 22 (7.4%) 1475 (6.0%) 1223 (6.2%) 222 (5.1%) 30 (5.7%)
Cancer diagnosed
Yes 2205 1591 (15.5%) 553 61 (20.5%) < 3981 2952 (14.8%) 926 103 (194%) < 0.001
(17.0%) (23.0%) 0001  (16.1%) (21.4%)
No 10,747 8658 (84.5%) 1853 236 (79.5%) 20,772 16,935 3410 427 (80.6%)
(83.0%) (77.0%) (83.9%) (85.2%) (78.6%)
Chronic 185+£160 162+148 262+1.75 312+£196 < 190+163 1.70+£1.51 267+181 322+102 < 0001
disease 0.001
score®

Mammogram 50-74; Colonoscopy 50-75



Yang et al. BMC Cancer (2021) 21:539

b NHW Non-Hispanic White, NHB Non-Hispanic Black, NHO Non-Hispanic Other
€ <= HS: High school or less; > HS: More than high school
4Widowed/Divorced/Separated/Never married
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€Mean + Std; Included chronic disease: Hypertension, High cholesterol, Coronary heart disease, Angina, Myocardial infarction, Stroke, Chronic obstructive

pulmonary disease, Asthma, Diabetes, Arthritis
'Based on weighted chi-square test or one-way Anova test

severely impaired vs. 32.9% in the unimpaired;
p < 0.001), be single (10.0% or 12.6% vs. 9.2%;
p < 0.001), have a prior cancer diagnosis (23.0% or
20.5% vs. 15.5%; p < 0.001), and have higher number of
chronic diseases (2.62 or 3.12 vs. 1.62; p < 0.001).

Among the 24,782 individuals eligible for colonoscopy,
4868 (or 19.6%) were cognitively impaired, with 4338
(17.5%) and 530 (2.1%) having mild and severe cognitive
impairment, respectively. Overall, 53.9% of the individ-
uals were female, 73.6% were Non-Hispanic White,
64.1% had more than high school education, 55.8% were
living with spouse, 94.0% had health insurance, and
16.1% had a prior cancer diagnosis. We observed a sig-
nificant difference in each of the characteristic by cogni-
tive impairment status. Compared to the cognitively
unimpaired individuals, those with impairment were
more likely to be female (57.6% or 57.2% in the mildly
or severely impaired vs. 52.9% in the unimpaired;
p < 0.001), Non-Hispanic Black (12.0% or 12.6% vs.
10.6%; p =0.005), have high school or less education
(42.7% or 52.0% vs. 34.0%; p < 0.001), be single (11.8%
or 16.5% vs. 10.2%; p < 0.001), be insured (94.9% or
94.3% vs. 93.8%; p = 0.033), have a prior cancer diagnosis
(21.4% or 19.4% vs. 14.8%; p < 0.001), and have higher
number of chronic diseases (2.67 or 3.22 vs. 1.70;
p < 0.001).

Cancer screening utilization by cognitive impairment
status

We summarized the percentage of mammogram and
colonoscopy use in our study populations stratified by
cognitive impairment status in Table 2. As shown in the
table, the overall percentage of mammogram use in
women aged 50-74years was 72.9% (95% confidence
interval [CI] =71.4-74.3%) and 76.5% (95% CI=75.3—
77.7%) in 2018 and 2019, respectively. The percentage of
mammogram use in cognitively impaired women was
significantly lower than that in women without cognitive
impairment in both 2018 (73.7% in the unimpaired vs.
71.6% or 58.3% in the mildly or severely impaired; p =
0.002) and 2019 (77.2% vs. 74.1% or 66.1%; p =0.008).
The overall percentage of colonoscopy use in adults aged
50-75 years was 60.6% (95% CI: 59.4-61.9%) and 57.9%
(95% CI: 56.8-58.9%) in 2018 and 2019, respectively.
The percentage of colonoscopy use in cognitively im-
paired individuals was slightly higher than that in the
cognitively unimpaired individuals in both 2018 (60.3%
vs. 61.8% or 63.6%; p = 0.436) and 2019 (57.8% vs. 58.3%
or 56.9%; p = 0.918), although the differences were statis-
tically non-significant.

Multivariable analysis
We summarized results from the multivariable logistic
model on the association of cognitive impairment with

Table 2 Percentages of cancer screening use (95% confidence interval) by cognitive impairment status among screening-eligible

populations
Cancer screening Cognitive impairment
2018
Overall (n =5687) Severely impaired
(n =157)
Mammogram 72.9% (71.4-74.3%) 58.3% (48.0-68.6%)

Colonoscopy
2019

Mammogram

Colonoscopy

Overall (n=10,811)

60.6% (59.4-61.9%)

Overall (n =7278)

76.5% (75.3-77.7%)
Overall (n=13,971)

57.9% (56.8-58.9%)

Severely impaired
(n =259)

63.6% (56.2-70.9%)

Severely impaired
(n =140)

66.1% (56.6-75.6%)

Severely impaired
(n=271)

56.9% (49.3-64.5%)

p-value
Mildly impaired (n =1102) Unimpaired (n = 4428)
71.6% (68.3-74.8%) 73.7% (72.1-75.4%) = 0.002
Mildly impaired (n = 1980) Unimpaired (n = 8572)
61.8% (59.0-64.6%) 60.3% (59.0-61.6%) =0436
Mildly impaired (n = 1305) Unimpaired (n =5833)
74.1% (71.2-77 4%) 77.2% (75.9-78.6%) =0.008
Mildly impaired (n =2358) Unimpaired (n =11,342)
58.3% (55.6-60.9%) 57.8% (56.7-58.9%) =0918
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Table 3 Multivariable logistic regression estimating association
between cognitive impairment and mammogram utilization
among 50-74 years old female in NHIS

Female (N =12,615)

Variables Adjusted OR (95% ClI) p-value
Cognitive impairment

Mild vs. No impairment 0.85 (0.74, 0.97) =0015

Severe vs. No impairment 0.54 (0.38, 0.76) < 0.001
Age

55-59 vs. 50-54 1.11 (0.94, 1.30) =0.220

60-64 vs. 50-54 1.11 (0.94, 1.30) =0.209

65-69 vs. 50-54 1.20 (1.02, 1.41) = 0031

70-74 vs. 50-54 1.02 (0.86, 1.22) = 0.804
Race-ethnicity®

NHB vs. NHW 1.38 (1.16, 1.66) < 0.001

NHO vs. NHW 0.84 (069, 1.03) = 0.097

Hispanic vs. NHW 151 (1.25,1.82) < 0.001
Education®

>HS vs<=HS 147 (1.32, 1.63) < 0.001
Marital

Live with spouse vs. Other® 1.51 (1.36, 1.68) < 0.001

Single vs. Other 0.94 (0.78,1.12) = 0481
Insurance coverage

Insured vs. Uninsured 4.22 (346, 5.16) < 0.001
Cancer diagnosed

Yes vs. No 1.18 (1.03, 1.37) =0.021
Chronic disease score® 1.07 (1.04,1.12) < 0.001

2NHW Non-Hispanic White, NHB Non-Hispanic Black, NHO Non-Hispanic Other
P < = HS: High school or less; > HS: More than high school
‘Widowed/Divorced/Separated/Never married

dIncluded chronic disease: Hypertension, High cholesterol, Coronary heart
disease, Angina, Myocardial infarction, Stroke, Chronic obstructive pulmonary
disease, Asthma, Diabetes, Arthritis

recent mammogram attendance in Table 3. Compared
to the cognitively unimpaired women, the cognitively
impaired women, mild (odds ratio [OR] = 0.85; 95% CI =
0.74—0.97) or severe (OR =0.54; 95% CI=0.38-0.76),
were less likely to have had a recent mammogram
adjusting for the covariates. We did not observe an over-
all age effect in having a mammogram. However, women
aged 65—69 years were more likely to have had a recent
mammogram compared to women aged 50-54 years
(OR=1.20; 95% CI=1.02-1.41). Respondents more
likely to have had a recent mammogram included those
who were Non-Hispanic Black (OR=1.38; 95% CI=
1.16-1.66) and Hispanic (OR = 1.51; 95% CI = 1.25-1.83)
(reference = Non-Hispanic White), had more than high
school education (OR =1.47; 95% CI =1.32-1.63), were
living with spouse (OR = 1.51; 95% CI = 1.36—1.68), were
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insured (OR =4.22; 95% CI = 3.46-5.16) and had a prior
cancer diagnosis (OR =1.18; 95% CI = 1.03-1.37).

We summarized results from the multivariable logistic
model on the association of cognitive impairment with
having a colonoscopy in Table 4. Since we found mul-
tiple significant sex by covariate interactions, including
sex by cognitive impairment interaction, we examined
potential effect modification by fitting separate logistic
models for men and women. Among male respondents,
compared to the cognitively unimpaired men, the cogni-
tively impaired men, mild (OR=0.79; 95% CI=0.69—
0.91) or severe (OR=0.69; 95% CI =0.48-0.98), were
less likely to have had a recent colonoscopy adjusting for
the covariates. We observed an overall age effect in hav-
ing a colonoscopy, with older men being more likely to
have had a recent test. We did not observe a significant
difference in having a recent colonoscopy between Non-
Hispanic White and Non-Hispanic Black respondents.
However, Non-Hispanic Other (OR=0.55; 95% CI=
0.45-0.67) and Hispanic (OR = 0.62; 95% CI = 0.52—0.74)
respondents were less likely to have had a recent colon-
oscopy compared to Non-Hispanic White respondents.
In addition, respondents who had higher than high
school education (OR =1.51; 95% CI=1.36-1.67), were
living with spouse (OR = 1.55; 95% CI = 1.38-1.73), were
insured (OR=3.07; 95% CI=2.45-3.85), had a prior
cancer diagnosis (OR=1.60; 95% CI=1.38-1.85), and
had more chronic diseases (OR=1.15; 95% CI=1.11—
1.19) were more likely to have had a recent colonoscopy.

Among female respondents, compared to the cogni-
tively unimpaired women, the cognitively impaired
women, mild (OR=1.02, 95% CI=0.91-1.15) or se-
vere (OR=1.33; 95% CI=0.97-1.82), were slightly
more likely to have had a recent colonoscopy adjusting
for the covariates, although the difference was statisti-
cally non-significant. We observed an overall age ef-
fect in having a colonoscopy, with older women being
more likely to have had a recent test. Similar to results
in the male respondents, we did not observe a signifi-
cant difference in having a recent colonoscopy be-
tween Non-Hispanic White and Non-Hispanic Black
respondents. However, Hispanic (OR = 0.81; 95% CI =
0.69-0.94) and Non-Hispanic Other (OR=0.76; 95%
CI=0.63-0.91) respondents were less likely to have
had a recent colonoscopy compared to their Non-
Hispanic White counterparts. In addition, respondents
who had more than high school education (OR =1.45;
95% CI=1.32-1.60), were living with spouse (OR =
1.46; 95% CI=1.32-1.61), were insured (OR=3.12;
95% CI=2.53-3.84) had a prior cancer diagnosis
(OR =1.47; 95% CI = 1.30-1.67) and had more chronic
diseases (OR=1.12; 95% CI=1.08-1.15) were more
likely to have undergone recent colonoscopy.



Yang et al. BMC Cancer (2021) 21:539

Page 7 of 9

Table 4 Multivariable Logistic regression estimating association between cognitive impairment and colonoscopy utilization among

50-75 years old female and male in NHIS

Male (N=11,084)

Female (N=13,002)

Race-ethnicity®

Variables Adjusted OR (95% ClI) p-value Adjusted OR (95% Cl) p-value
Cognitive impairment
Mild vs. No impairment 0.79 (0.69, 0.91) < 0.001 1.02 (091, 1.15) =0.699
Severe vs. No impairment 0.69 (0.48, 0.98) =0.038 1.33 (097, 1.82) = 0.080
Age
55-59 vs. 50-54 2.16 (1.86, 2.52) < 0.001 1.91 (1.66, 2.21) < 0.001
60-64 vs. 50-54 230(1.97, 267) < 0.001 2.36 (2,05, 2.73) < 0.001
65-69 vs. 50-54 239 (2.04, 2.80) < 0.001 237 (2.06, 2.74) < 0001
70-74 vs. 50-54 245 (2.08, 2.90) < 0.001 246 (2.12,2.85) < 0.001

NHB vs. NHW 1.05 (0.89, 1.24) =0.552 1.12 (0.96, 1.31) =0.136

NHO vs. NHW 0.55 (045, 0.67) < 0.001 0.76 (063, 0.91) =0.002

Hispanic vs. NHW 0.62 (0.52, 0.74) < 0.001 0.81 (0.69, 0.94) = 0.006

Education®
>HS vs<=HS 1.51 (1.36, 1.67) < 0.001 145 (1.32, 1.60) < 0.001
Marital

Live with spouse vs. Other® 155(1.38,1.73) < 0.001 146 (132, 1.61) <0.001

Single vs. Other 0.83 (0.70, 0.98) =0.030 0.94 (0.80, 1.12) = 0487
Insurance coverage

Insured vs. Uninsured 3.07 (245, 3.85) < 0.001 3.12 (2.54, 3.85) < 0.001
Cancer diagnosed

Yes vs. No 1.60 (1.38, 1.85) < 0.001 147 (1.30, 1.67) < 0.001

Chronic disease score® 115(1.11,1.19) < 0.001 1.12(1.08, 1.15) < 0.001

“NHW Non-Hispanic White, NHB Non-Hispanic Black, NHO Non-Hispanic Other
P < = HS: High school or less; > HS: More than high school
‘Widowed/Divorced/Separated/Never married

Included chronic disease: Hypertension, High cholesterol, Coronary heart disease, Angina, Myocardial infarction, Stroke, Chronic obstructive pulmonary disease,

Asthma, Diabetes, Arthritis

Discussion

Principal findings

In this study, using the NHIS data, we calculated and
compared the percentage of mammogram and colonos-
copy use in cognitively impaired (mild or severe) versus
unimpaired individuals. We found that the percentage of
mammogram use was lower in cognitively impaired
women compared to cognitively unimpaired women.
Based on Table 2, we did not observe a significant differ-
ence in the percentage of colonoscopy use in cognitively
impaired versus unimpaired individuals. In the multivar-
iable analyses, being cognitively impaired (mild or se-
vere) was associated with lower likelihood of having a
recent mammogram in screening eligible women. Being
cognitively impaired (mild or severe) was associated with
lower likelihood of having a recent colonoscopy in
screening eligible men, but the association was non-
significant in screening eligible women.

Cancer screening in the cognitively impaired population

A few prior studies have examined the percentage of
mammogram or colonoscopy use in cognitively impaired
individuals using historical NHIS data [24-26]. The
earliest percentage of mammogram use was examined
by Legg et al. [24], who reported a percentage of 44.0%
in cognitively impaired women in 1998. But the study
was restricted to women aged 50 years or older who re-
ceived a mammogram within 1 year. Using a similar
study population (i.e., women aged 50-74 years with a
mammogram within 2 years), lezzoni et al. examined the
percentage of mammogram use in screen eligible women
without breast cancer history and reported that the per-
centage was 634, 75.1, 67.6, 62.7, 65.9, and 63.0% in
cognitively impaired women in 1998-2010, respectively
[25]. In the most recent study, Steele et al. reported a re-
cent mammogram use percentage of 61.2%, the lowest
in 20years, in screen eligible but cognitively impaired
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women 2013 [26]. However, cognitive impairment was
not associated with having a mammogram in the multi-
variable analysis in Steele et al. Our mammogram use
percentage based on 2018 and 2019 NHIS data were
higher than the historical percentages, suggesting a po-
tential upward trend of mammogram utilization in cog-
nitive impaired women. Furthermore, unlike the Steele
et al. study, the association between cognitive impair-
ment and having a mammogram was significant in our
study, independent of the covariates. For colonoscopy,
Steele et al. reported that the percentage of “up-to-date”
colorectal cancer screening was 56.2% in screening eli-
gible cognitively impaired individuals, among whom
93.6% reported having had a colonoscopy. However,
Steele et al. did not examine any sex differences and
found that cognitive impairment was not associated with
being “up-to-date” with colorectal cancer screening in
the multivariable analysis. It is possible that achieving
compliance with colonoscopy (with an associated 10-
year window after the procedure to be up-to-date) rather
than the requirement for biennial mammograms is eas-
ier for individuals with cognitive impairment.

The percentage of mammogram use has also been re-
ported in the cognitively impaired population using data
sources other than the NHIS [13, 27-29], although we did
not find any report on the percentage of colonoscopy use
in this population. Two studies analyzed the utilization of
mammogram using Medicare claims data. Ives et al. re-
ported a mammogram use percentage of 32.0% in cogni-
tively impaired women aged 65-79 residing in 5 rural
Pennsylvania counties. However, the percentage was based
on data from almost 30years ago in 1991-1992 [27].
Mehta et al. examined the percentage of mammogram use
in cognitively impaired women aged 70years or older
using 2002 Health and Retirement Study data. The per-
centage was reported to be 33% among mildly-to-
moderately impaired women and 18% among severely im-
paired women. Mehta et al. found that the severely im-
paired women were less likely to have had mammogram
compared to cognitively unimpaired women [13]. Two
other studies analyzed the utilization of mammogram
using survey data. Persky & Burack conducted a telephone
survey in 1989 and reported a mammogram percentage of
29% in cognitively abnormal women aged 55 or older [28].
Ostbye et al. analyzed the Asset and Health Dynamics
Among the Oldest Old (AHEAD) survey data and found
the percentage of mammogram use in the past 2 years was
40 and 48% in cognitively impaired women aged 70 years
or more in 1995 and 2000, respectively. Ostbye et al. also
found that cognitive impairment was associated with a
lower likelihood of receiving a mammogram [29]. Unlike
our study, most of these reports focused on the elderly
population aged 65 or older and did not use nationally
representative data.
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Study limitations and strengths

Our study has several limitations. First, both cognitive
impairment and cancer screening use are self-reported,
resulting in potential misclassification, volunteer and re-
call bias. Questions related to concentration and mem-
ory recall were used to define cognitive impairment
which could introduce other non-ADRD etiologies that
could impact cancer screening compliance rates (e.g., al-
coholism). Prior studies showed that self-reports may
overestimate mammogram and colonoscopy screening
utilization [30, 31], and other studies found an inaccur-
acy of self-reported cognitive impairment [32, 33]. Add-
itionally, the response rate of 53.1 and 59.1% for the
NHIS Sample Adult component may have posed a selec-
tion bias. Finally, potential factors associated with cancer
screening utilization may not have been fully controlled
due to the limitation of dataset. Information on other
factors, such as physician access barriers, cost/pain/
safety concern and other comorbid conditions, were not
recorded in the NHIS and therefore were not analyzed.
Despite the limitations, this study provides data to sup-
port plausible hypotheses that are capable of being an-
swered through additional analyses and more clinical
research. Given the overlapping intersection of large and
growing populations of patients with both cancer and
cognitive impairment, this line of inquiry is important
for establishing benchmarking data before interventions
aimed to improve patient outcomes are deployed.

Conclusion

Our study found a lower likelihood of receiving mam-
mogram and colonoscopy in the screening eligible, cog-
nitively impaired population. More studies are needed to
examine the contributory factors associated with the dif-
ference in cancer screening utilization in this vulnerable
population. Our results highlight the need for more fu-
ture research on the utilization and effectiveness of can-
cer screening in individuals with cognitive impairment.
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