
Journal of Alzheimer’s Disease 90 (2022) 211–231
DOI 10.3233/JAD-220548
IOS Press

211

Associations Between Vascular Diseases
and Alzheimer’s Disease or Related
Dementias in a Large Cohort of Men
and Women with Colorectal Cancer

Xianglin L. Dua,∗, Lulu Songa,b, Paul E. Schulzc, Hua Xud and Wenyaw Chanb

aDepartment of Epidemiology, Human Genetics and Environmental Sciences, School of Public Health,
The University of Texas Health Science Center at Houston, Houston, TX, USA
bDepartment of Biostatistics and Data Science, School of Public Health, The University of Texas Health Science
Center at Houston, Houston, TX, USA
cDepartment of Neurology, The University of Texas Health Science Center at Houston, Houston, TX, USA
dSchool of Biomedical Informatics, The University of Texas Health Science Center at Houston, Houston,
TX, USA

Accepted 9 August 2022
Pre-press 9 September 2022

Abstract.
Background: Long term risk of Alzheimer’s disease (AD) and related dementias (ADRD) associated with vascular diseases
in people with colorectal cancer is unknown.
Objective: To determine the risk of ADRD in association with cardiovascular diseases (CVD), stroke, hypertension, and
diabetes in a cohort of patients with colorectal cancer.
Methods: This retrospective cohort study consisted of 210,809 patients diagnosed with colorectal cancer at age ≥ 65 years
in 1991–2015 from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database with follow-up
from 1991–2016, who were free of any ADRD at the baseline (<12 months prior to or < 30 days after the date of cancer
diagnosis).
Results: The crude 26-year cumulative incidence of total ADRD in men and women with colorectal cancer was higher in
those with versus without CVD (31.92% versus 28.12%), with versus without stroke (39.82% versus 26.39%), with versus
without hypertension (31.88% versus 24.88%), and with versus without diabetes (32.01% versus 27.66%). After adjusting
for socio-demographic and tumor factors, the risk of developing ADRD was significantly higher in patients with CVD
(adjusted hazard ratio: 1.17, 95% confidence intervals: 1.14–1.20), stroke (1.65, 1.62–1.68), hypertension (1.07, 1.05–1.09),
and diabetes (1.26, 1.24–1.29) versus persons without. For those with 1, 2, 3 and 4 vascular diseases present versus absent,
the risk of AD increased from 1.12 (1.07–1.16) to 1.31 (1.25–1.36), 1.66 (1.57–1.75), and 2.03 (1.82–2.27).
Conclusion: In older patients with colorectal cancer, a significant dose-response relationship was observed between an
increasing number of these vascular diseases and the risk of all types of dementia.
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INTRODUCTION

The prevalence of Alzheimer’s disease (AD) and
related dementias (ADRDs) has been increasing in
the United States and worldwide over the past several
decades [1–5] and is projected to triple by 2050 [1–5].
Although the causes of ADRD remain unknown,
a number of risk factors associated with ADRD
have been identified [1–3, 6–41]. These include
age, education, social support, medical history of
psychiatric disorders, head trauma, genetic factors,
and medical conditions such as cardiovascular dis-
eases (CVD), stroke, hypertension, and diabetes
[1–3, 6–41]. Although numerous studies have been
conducted in population-based cohorts of general
population with and without vascular diseases [6–40],
few have focused on the ADRD and vascular dis-
ease association in long-term cancer survivors [41].
Recent research has suggested a complex relation-
ship between AD and cancers [42–53]. A number
of epidemiological studies [42–47, 51, 53] and sys-
tematic reviews [48, 49, 52] have shown that cancers
are associated with a decreased risk of AD. This
inverse relationship seems counterintuitive because
patients diagnosed with cancer are more likely to
experience anxiety, pain, and stress than those who
do not have cancer, which would likely lead to a
higher risk of cognitive impairment or dementia [52].
Furthermore, a number of clinical trials and observa-
tional studies have also shown that certain types of
cancer chemotherapy regimens are associated with
an increased risk of difficulties with memory, atten-
tion, and concentration [54–60]. Therefore, the risk
of AD may be different between patients with cancer
and those without cancer. It becomes imperative for
the scientific community to confirm this relationship
between cancers and dementias and to identify poten-
tial mechanisms of this inverse association, if true.
We recently completed a study on the risk of ADRD
among women with breast cancer in association with
vascular diseases, hypertension, and diabetes, and
found that CVD, stroke, hypertension, and diabetes
were associated with a significantly elevated risk of
developing ADRD [41]. This current study aimed to
examine whether the incidence of AD and ADRD
in association with a number of vascular diseases
and other factors in men and women with colorec-
tal cancer are similar to those in women with breast
cancer. Our hypothesis was that the long-term risks
of AD and ADRD are significantly higher in men and
women with colorectal cancer who had a medical his-
tory of CVD, stroke, hypertension, and diabetes than

those who did not have a history of these vascular
diseases.

METHODS

Data sources

This study utilized the Surveillance, Epidemiol-
ogy, and End Results (SEER) – Medicare linked
database [61] for patients with colorectal cancer in
17 SEER areas between 1991 and 2015 with follow-
up from 1991 to 2016. The detailed methods have
been reported elsewhere [41]. In brief, the SEER
program, supported by the National Cancer Institute
(NCI), includes 17 population-based tumor reg-
istries in 8 states (Connecticut, Iowa, New Mexico,
Utah, Hawaii, Kentucky, Louisiana, and New Jersey),
7 metropolitan/rural areas (San Francisco/Oakland,
Detroit, Atlanta, Seattle, Rural-Georgia, Los Angeles
County, and the San Jose-Monterey areas), Greater-
California, and Greater-Georgia since 2000 to 2015
[62]. The population covered by 17 SEER areas
accounted for 28% of the U.S. population and are
comparable to the general U.S. population with
regard to measures of poverty and education [63].
Our study included all 17 SEER registries, 9 of
which were available since 1991 (Connecticut, Iowa,
New Mexico, Utah, Hawaii, San Francisco/Oakland,
Detroit, Atlanta, and Seattle), 3 registries of which
were available since 1992 (Rural-Georgia, Los Ange-
les County, and the San Jose-Monterey areas), and 5
registries of which were available since 2000 (Ken-
tucky, Louisiana, New Jersey, Greater-California, and
Greater-Georgia) [62]. This study did not include new
registries that joined the SEER since 2018 (Idaho,
Massachusetts, New York, and Wisconsin). SEER
and Medicare data were linked for cancer cases from
1991 to 2015 with Medicare claims data to December
2016 [61]. The Medicare program provides payments
for hospital, physician and outpatient medical ser-
vices for > 97% of persons aged ≥ 65 [61]. The study
was approved by the Committee for the Protection
of Human Subjects at the University of Texas Health
Science Center at Houston.

Study design and population

This is a retrospective cohort study and the study
population consisted of 210,809 patients (97,193 men
and 113,616 women) who were diagnosed with col-
orectal cancer at age 65 years or older between
January 1, 1991 and December 31, 2015 (Fig. 1).
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Fig. 1. Chart of study population with inclusion and exclusion criteria.

Colorectal cancer was ascertained and confirmed by
SEER registries and coded by the ICD-O-3 for colon
cancer (C180-C189, or C260) and for rectal cancer
(C199 or C209) [62]. After exclusions due to a num-
ber of reasons, such as no Parts A and B, enrollment
of Health Maintenance Organization or Part C (Medi-
care Advantage), death within 30 days of cancer
diagnosis, or data error (see Fig. 1), 210,809 men and
women with colorectal cancer who were free of any
diagnosed ADRD at the baseline (within 12 months
prior to and 30 days after the date of diagnosis for
colorectal cancer) were left in the final analysis. The
study baseline includes a full year prior to the date of
cancer diagnosis and also includes 30 days after the
date of cancer diagnosis in order to capture all poten-
tial diagnosed ADRD and other comorbidities during
this intensive check-up period for planning treatment
for cancer.

Study variables

The methods to define main exposures [CVD
(including myocardial infarction, congestive heart

failure, or peripheral vascular disease), stroke, hyper-
tension, and diabetes], outcomes (AD and ADRD),
and covariates are described elsewhere [41]. In brief,
CVD, stroke, hypertension, and diabetes were iden-
tified from Medicare data using ICD-9 or ICD-10
diagnosis codes that are listed in Supplementary
Table 1. AD and ADRD were identified from Medi-
care data using ICD-9 or ICD-10 diagnosis codes
that are listed in Supplementary Table 2. ADRD was
then broken into the following 6 specific types of
dementias: AD, vascular dementia, dementia with
Lewy bodies (DLB), frontotemporal degeneration
and dementias (FTD), mild cognitive impairment
(MCI), and other dementias. Other variables include
sociodemographic factors (including age, gender,
race and ethnicity, and marital status), tumor factors
(tumor stage, grade, site, and receipt of chemotherapy
and radiotherapy), comorbidity score, calendar year
of cancer diagnosis, and SEER areas by state where
the registries are located [41, 61, 63]. Comorbidities
were defined as co-existing medical conditions other
than the interest (ADRD, vascular diseases, and can-
cer) under study. These include chronic pulmonary
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disease, congestive tissue disease, ulcer disease, mild
liver disease, hemiplegia, moderate or severe renal
disease, leukemia, moderate or severe liver disease,
human immunodeficiency virus positive or acquired
immune deficiency syndrome [64–67]. Comorbidi-
ties were identified through diagnoses or procedures
made 1 year prior to and 30 days after study base-
line using SAS programs provided by the National
Cancer Institute [65, 67]. Each comorbid disease
was weighted according to the severity of comorbid
conditions [64–67] and the sum of all scores were
analyzed as a continuous variable or categorical vari-
able (score of 0, 1, and ≥ 2).

Analysis

The distributions of baseline characteristics among
colorectal cancer patients by exposures were com-
pared and tested using the chi-square statistic for
categorical variables or using the Kruskal-Wallis test
for median age comparisons. The methods for calcu-
lating the cumulative incidence and incidence density
rates of ADRD were reported elsewhere [41]. In brief,
the cumulative incidence of ADRD is defined as the
ratio of the number of cases with a new demen-
tia over the total number of participants-at risk who
were free of any diagnosed ADRD at the baseline
when a colorectal cancer diagnosis was made. Inci-
dence density is defined as the ratio of the number
of cases with a new dementia over the total num-
ber of person-years by taking into consideration the
differential follow-up times of study participants.
Person-years are calculated as the number of peo-
ple multiplied by the number of years from the time
of colorectal cancer diagnosis to the date of first
dementia, or date of death, or date of last follow-up
(December 31, 2016), whichever occurred first. This
study used the Cox regression models for the time to
event analysis to determine the risk of developing
dementia by exposures while adjusting for poten-
tial confounders. The proportionality assumption was
evaluated by the log-log Kaplan-Meier curves and
interaction terms between exposures and time vari-
ables in the Cox regression models [68, 69]. The
Fine and Gray competing risk proportional hazards
regression was analyzed by considering death as
a competing risk [45]. The main confounders for
exposures (vascular diseases) and outcomes (AD and
ADRD) relationships included age (65–69, 70–74,
75–79, 80–84, or ≥ 85 years), gender (men and
women), race/ethnicity (Non-Hispanic [NH]-whites,
NH-blacks, NH-Asians/Pacific Islanders, Hispanics,

others, or unknown/missing), marital status (mar-
ried, unmarried, or unknown/missing), tumor stage
(local, regional, distant stage, or unknown/missing),
tumor grade (well, moderately, or poorly differen-
tiated, or unknown/missing), tumor site (colon or
rectal), comorbidity score (0, 1, or ≥ 2), chemother-
apy (yes or no), radiation therapy (yes or no), year of
diagnosis (from 1991 to 2015), and SEER areas (by
states), which were adjusted in the regression mod-
els. In addition, age was also treated as a continuous
variable in a sensitivity analysis.

RESULTS

Table 1 presents the distributions of baseline fac-
tors by exposure status (CVD, stroke, hypertension,
and diabetes) among a large cohort of men and
women diagnosed with colorectal cancer. A higher
proportion of older patients had CVD and stroke,
but patients older than 80 had a lower proportion
of hypertension and diabetes than those aged 70–79.
While men had a higher percentage of CVD (54.8%
versus 45.2 for women, p < 0.01), women had a higher
proportion than men of having stroke (54.2% ver-
sus 46.2%, p = 0.225), hypertension (57.5% versus
42.5%, p < 0.01), and diabetes (53.2% versus 46.8%,
p < 0.01). The distributions of race/ethnicity, mari-
tal status, tumor factors, chemotherapy, radiotherapy,
comorbidity score, calendar year of diagnosis, and
SEER registries were similar by the status of CVD,
stroke, hypertension, and diabetes.

Table 2 presents the cumulative incidence rates
of each individual dementia type by the history of
vascular disease, demographic, and tumor character-
istics. The crude 26-year incidence of total ADRD
was higher in patients with versus without CVD
(31.92% versus 28.12%, p < 0.01), with versus with-
out stroke (39.82% versus 26.39%, p < 0.01), with
versus without hypertension (31.88% versus 24.88%,
p < 0.01), and with versus without diabetes (32.01%
versus 27.66%, p < 0.01). The crude incidence of AD
and other specific dementias varied by CVD, stroke,
hypertension, and diabetes. The cumulative incidence
of total ADRD increased from 16.76% for patients
aged 65–69 to 23.66% for patients aged 70–74,
30.41% for patients aged 75–79, 35.89% for patients
aged 80–84, and 38.53% for patients aged ≥ 85.

Table 3 presents the incidence density rates of
specific dementias and total ADRD by considering
differential follow-up times of patients with colorec-
tal cancer. The number of ADRD cases per 1,000
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Table 1
Distributions of characteristics in men and women with colorectal cancer by CVD, stroke, hypertension, and diabetes

Patient and Tumor Number of patients (column %) by exposure status
Characteristics Cardiovascular diseases Stroke Hypertension Diabetes

Did not Had Did not Had Did not Had Did not Had

Mean, Median (range) age 77, 76 (65, 108) 78, 78 (65, 108) 76, 76 (65, 108) 79, 79 (65, 108) 76, 77 (65, 108) 77, 76 (65, 108) 77, 77 (65, 108) 76, 76 (65, 104)
Age (y)

65–69 38100 (21.2) 4483 (14.6) 38267 (21.9) 4316 (12.0) 22428 (23.2) 20155 (17.6) 32668 (20.2) 9915 (20.2)
70–74 39523 (22.0) 6000 (19.5) 39041 (22.3) 6482 (18.1) 21383 (22.2) 24140 (21.1) 34152 (21.1) 11371 (23.2)
75–79 38722 (21.5) 6821 (22.1) 37422 (21.4) 8121 (22.6) 20129 (20.9) 25414 (22.2) 34368 (21.3) 11175 (22.8)
80–84 32676 (18.2) 6660 (21.6) 31057 (17.8) 8279 (23.1) 16635 (17.2) 22701 (19.9) 30231 (18.7) 9105 (18.6)
85 or older 30972 (17.2) 6852 (22.2) 29103 (16.6) 8721 (24.3) 15965 (16.5) 21859 (19.1) 30314 (18.7) 7510 (15.3)

Gender
Men 80305 (44.6) 16888 (54.8) 80737 (46.2) 16456 (45.8) 48669 (50.4) 48524 (42.5) 74243 (45.9) 22950 (46.8)
Women 99688 (55.4) 13928 (45.2) 94153 (53.8) 19463 (54.2) 47871 (49.6) 65745 (57.5) 87490 (54.1) 26126 (53.2)

Race/ethnicity
NH-Whites 141513 (78.6) 24641 (80.0) 137749 (78.8) 28405 (79.1) 78394 (81.2) 87760 (76.8) 131044 (81.0) 35110 (71.5)
NH-Blacks 15089 (8.4) 2823 (9.2) 14449 (8.3) 3463 (9.6) 6599 (6.8) 11313 (9.9) 12151 (7.5) 5761 (11.7)
NH-Asians/Pacific Islanders 8653 (4.8) 1148 (3.7) 8238 (4.7) 1563 (4.4) 3958 (4.1) 5843 (5.1) 6786 (4.2) 3015 (6.1)
Hispanics 10480 (5.8) 1584 (5.1) 10305 (5.9) 1759 (4.9) 5569 (5.8) 6495 (5.7) 8132 (5.0) 3932 (8.0)
Others 2643 (1.5) 407 (1.3) 2598 (1.5) 452 (1.3) 1225 (1.3) 1825 (1.6) 2183 (1.4) 867 (1.8)
Unknown/missing 1615 (0.9) 213 (0.7) 1551 (0.9) 277 (0.8) 795 (0.8) 1033 (0.9) 1437 (0.9) 391 (0.8)

Marital status
Married 87573 (48.7) 14563 (47.3) 86364 (49.4) 15772 (43.9) 49798 (51.6) 52338 (45.8) 79166 (49.0) 22970 (46.8)
Unmarried 83872 (46.6) 14852 (48.2) 80285 (45.9) 18439 (51.3) 42198 (43.7) 56526 (49.5) 75040 (46.4) 23684 (48.3)
Unknown 8548 (4.8) 1401 (4.6) 8241 (4.7) 1708 (4.8) 4544 (4.7) 5405 (4.7) 7527 (4.7) 2422 (4.9)

Tumor stage
Local 74688 (41.5) 13437 (43.6) 72469 (41.4) 15656 (43.6) 38758 (40.2) 49367 (43.2) 67317 (41.6) 20808 (42.4)
Regional 62734 (34.9) 10632 (34.5) 61043 (34.9) 12323 (34.3) 33167 (34.4) 40199 (35.2) 56167 (34.7) 17199 (35.1)
Distant 33333 (18.5) 4787 (15.5) 32493 (18.6) 5627 (15.7) 19112 (19.8) 19008 (16.6) 29670 (18.4) 8450 (17.2)
Unknown/Missing 9238 (5.1) 1960 (6.4) 8885 (5.1) 2313 (6.4) 5503 (5.7) 5695 (5.0) 8579 (5.3) 2619 (5.3)

Tumor grade
Well-differentiated 15155 (8.4) 2600 (8.4) 14781 (8.5) 2974 (8.3) 7968 (8.3) 9787 (8.6) 13509 (8.4) 4246 (8.7)
Moderately-differentiated 105454 (58.6) 18254 (59.2) 102613 (58.7) 21095 (58.7) 55804 (57.8) 67904 (59.4) 94673 (58.5) 29035 (59.2)
Poorly-differentiated 32928 (18.3) 5476 (17.8) 31885 (18.2) 6519 (18.2) 17843 (18.5) 20561 (18) 29750 (18.4) 8654 (17.6)
Unknown/Missing 26456 (14.7) 4486 (14.6) 25611 (14.6) 5331 (14.8) 14925 (15.5) 16017 (14) 23801 (14.7) 7141 (14.6)

Tumor site
Colon 133689 (74.3) 24081 (78.1) 129525 (74.1) 28245 (78.6) 70750 (73.3) 87020 (76.2) 119970 (74.2) 37800 (77.0)
Rectal 46304 (25.7) 6735 (21.9) 45365 (25.9) 7674 (21.4) 25790 (26.7) 27249 (23.9) 41763 (25.8) 11276 (23.0)

(Continued)
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Table 1
(Continued)

Patient and Tumor Number of patients (column %) by exposure status
Characteristics Cardiovascular diseases Stroke Hypertension Diabetes

Did not Had Did not Had Did not Had Did not Had

Chemotherapy
No 143482 (79.7) 25933 (84.2) 138991 (79.5) 30424 (84.7) 82688 (85.7) 86727 (75.9) 132091 (81.7) 37324 (76.1)
Yes 36511 (20.3) 4883 (15.9) 35899 (20.5) 5495 (15.3) 13852 (14.4) 27542 (24.1) 29642 (18.3) 11752 (24.0)

Radiotherapy
No 169226 (94.0) 29393 (95.4) 164277 (93.9) 34342 (95.6) 92109 (95.4) 106510 (93.2) 152868 (94.5) 45751 (93.2)
Yes 10767 (6.0) 1423 (4.6) 10613 (6.1) 1577 (4.4) 4431 (4.6) 7759 (6.8) 8865 (5.5) 3325 (6.8)

Comorbidity Scores
0 113374 (63.0) 13130 (42.6) 109692 (62.7) 16812 (46.8) 63898 (66.2) 62606 (54.8) 100987 (62.4) 25517 (52.0)
1 50391 (28.0) 11177 (36.3) 49280 (28.2) 12288 (34.2) 25682 (26.6) 35886 (31.4) 46440 (28.7) 15128 (30.8)
≥2 16228 (9.0) 6509 (21.1) 15918 (9.1) 6819 (19.0) 6960 (7.2) 15777 (13.8) 14306 (8.9) 8431 (17.2)

Year of Diagnosis
1991–1994 18424 (10.2) 2246 (7.3) 18022 (10.3) 2648 (7.4) 11260 (11.7) 9410 (8.2) 16790 (10.4) 3880 (7.9)
1995–1999 20870 (11.6) 3160 (10.3) 20175 (11.5) 3855 (10.7) 10142 (10.5) 13888 (12.2) 18724 (11.6) 5306 (10.8)
2000–2004 42225 (23.5) 7259 (23.6) 40982 (23.4) 8502 (23.7) 17670 (18.3) 31814 (27.8) 37521 (23.2) 11963 (24.4)
2005–2009 48534 (27.0) 8750 (28.4) 46734 (26.7) 10550 (29.4) 27009 (28.0) 30275 (26.5) 43870 (27.1) 13414 (27.3)
2010–2015 49940 (27.8) 9401 (30.5) 48977 (28.0) 10364 (28.9) 30459 (31.6) 28882 (25.3) 44828 (27.7) 14513 (29.6)

SEER Areas
Connecticut 14108 (7.8) 2616 (8.5) 14230 (8.1) 2494 (6.9) 7413 (7.7) 9311 (8.2) 13145 (8.1) 3579 (7.3)
Detroit 14353 (8.0) 3111 (10.1) 13625 (7.8) 3839 (10.7) 6525 (6.8) 10939 (9.6) 12027 (7.4) 5437 (11.1)
Hawaii 2849 (1.6) 439 (1.4) 2854 (1.6) 434 (1.2) 1494 (1.6) 1794 (1.6) 2532 (1.6) 756 (1.5)
Iowa 16622 (9.2) 2209 (7.2) 16333 (9.3) 2498 (7.0) 9116 (9.4) 9715 (8.5) 15149 (9.4) 3682 (7.5)
New Mexico 4584 (2.6) 614 (2) 4589 (2.6) 609 (1.7) 2876 (3.0) 2322 (2.0) 4183 (2.6) 1015 (2.1)
Seattle 10431 (5.8) 1304 (4.2) 10189 (5.8) 1546 (4.3) 6530 (6.8) 5205 (4.6) 9718 (6.0) 2017 (4.1)
Utah 4362 (2.4) 571 (1.9) 4438 (2.5) 495 (1.4) 2711 (2.8) 2222 (1.9) 4014 (2.5) 919 (1.9)
Georgia 13268 (7.4) 2188 (7.1) 12926 (7.4) 2530 (7.0) 7263 (7.5) 8193 (7.2) 12011 (7.4) 3445 (7.0)
Kentucky 11784 (6.6) 2304 (7.5) 11758 (6.7) 2330 (6.5) 5969 (6.2) 8119 (7.1) 10655 (6.6) 3433 (7.0)
Louisiana 9599 (5.3) 1684 (5.5) 9009 (5.2) 2274 (6.3) 4708 (4.9) 6575 (5.8) 8468 (5.2) 2815 (5.7)
New Jersey 22393 (12.4) 4904 (15.9) 21274 (12.2) 6023 (16.8) 10521 (10.9) 16776 (14.7) 19677 (12.2) 7620 (15.5)
California 55640 (30.9) 8872 (28.8) 53665 (30.7) 10847 (30.2) 31414 (32.5) 33098 (29.0) 50154 (31.0) 14358 (29.3)
Total 179993 (100.0) 30816 (100.0) 174890 (100.0) 35919 (100.0) 96540 (100.0) 114269 (100.0) 161733 (100.0) 49076 (100.0)
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Table 2
Cumulative-incidence of dementias (ADRD) by a history of vascular diseases

Cumulative-incidence (%) of dementias
Characteristics AD Vascular DLB FTD MCI Others Total

Cardiovascular disease
No 8.71 3.88 0.62 0.14 1.43 26.46 28.12
Yes 8.53 4.77 0.56 0.12 1.26 30.00 31.92*

Stroke
No 8.18 3.34 0.56 0.12 1.34 24.86 26.39
Yes 11.11 7.24 0.84 0.21 1.72 37.28 39.82*

Hypertension
No 7.53 3.25 0.59 0.13 1.42 23.33 24.88
Yes 9.66 4.65 0.63 0.14 1.39 30.06 31.88*

Diabetes
No 8.61 3.79 0.61 0.14 1.45 26.03 27.66
Yes 8.92 4.73 0.62 0.12 1.26 30.11 32.01*

Age (y)
65–69 4.28 2.16 0.46 0.11 1.08 15.51 16.76
70–74 7.02 3.36 0.64 0.15 1.41 22.15 23.66
75–79 9.90 4.59 0.76 0.16 1.56 28.57 30.41
80–84 11.76 5.25 0.71 0.13 1.56 34.06 35.89
85 or older 10.97 4.87 0.45 0.11 1.41 36.40 38.53

Gender
Men 7.12 3.45 0.74 0.13 1.29 24.26 25.89
Women 10.02 4.49 0.50 0.14 1.50 29.30 31.06

Race/ethnicity
NH-Whites 8.85 4.00 0.62 0.14 1.48 27.24 28.89
NH-Blacks 8.68 5.05 0.45 0.15 1.17 27.62 29.61
NH-Asians/Pacific Islanders 7.31 3.36 0.58 0.07 0.99 24.99 26.85
Hispanics 7.89 3.24 0.64 0.09 1.02 24.85 26.58
Others 7.08 3.54 0.82 0.10 1.57 24.85 26.49
Unknown/missing 8.59 3.88 0.60 0.16 0.93 25.00 27.02

Marital status
Married 7.99 3.46 0.70 0.15 1.45 23.97 25.58
Unmarried 9.38 4.60 0.51 0.11 1.34 30.08 31.89
Unknown 8.81 3.81 0.62 0.19 1.49 27.06 28.61

Tumor stage
Local 11.46 5.16 0.87 0.19 1.95 32.38 34.36
Regional 9.04 4.14 0.61 0.12 1.38 28.01 29.74
Distant 1.99 1.04 0.07 0.02 0.36 12.62 13.52
Unknown/Missing 7.21 4.18 0.34 0.13 0.79 26.5 28.56

Tumor grade
Well-differentiated 10.63 4.73 0.74 0.21 1.64 30.43 32.25
Moderately-differentiated 9.32 4.24 0.66 0.14 1.45 28.14 29.92
Poorly-differentiated 7.31 3.4 0.43 0.11 1.31 24.10 25.63
Unknown/Missing 6.72 3.42 0.55 0.11 1.18 23.89 25.44

Tumor site
Colon 9.03 4.17 0.62 0.13 1.46 27.72 29.46
Rectal 7.63 3.53 0.57 0.14 1.23 24.77 26.35

Chemotherapy
No 9.38 4.39 0.64 0.14 1.48 28.57 30.37
Yes 5.83 2.44 0.47 0.10 1.10 20.47 21.74

Radiotherapy
No 8.84 4.08 0.62 0.14 1.43 27.32 29.04
Yes 6.08 2.83 0.39 0.10 0.99 21.45 22.79

Comorbidity Scores
0 8.68 3.85 0.62 0.14 1.45 25.27 26.91
1 8.86 4.11 0.60 0.14 1.37 28.73 30.45
≥2 8.20 4.63 0.58 0.10 1.25 31.70 33.69

SEER Areas
Connecticut 10.98 7.96 0.75 0.28 1.57 31.46 33.71
Detroit 13.44 6.48 0.73 0.13 1.26 34.19 36.10

(Continued)
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Table 2
(Continued)

Cumulative-incidence (%) of dementias
Characteristics AD Vascular DLB FTD MCI Others Total

Hawaii 8.45 4.99 0.61 0.06 1.49 26.28 27.74
Iowa 8.01 3.21 0.50 0.05 1.06 26.42 27.51
New Mexico 7.08 3.12 0.48 0.06 1.10 24.99 26.30
Seattle 5.81 2.69 0.32 0.09 0.66 18.88 20.18
Utah 6.45 2.94 0.26 0.12 1.03 23.15 24.41
Georgia 6.55 2.23 0.36 0.12 0.98 21.48 22.88
Kentucky 8.95 2.87 0.67 0.10 1.01 28.58 29.76
Louisiana 5.98 2.61 0.40 0.15 1.03 21.84 23.37
New Jersey 10.58 4.70 0.79 0.18 1.88 29.69 32.00
California 7.94 3.51 0.67 0.13 1.73 26.70 28.48

Total 8.68 4.01 0.61 0.13 1.40 26.98 28.67

ADRD, Alzheimer’s disease and related dementias; AD, Alzheimer’s disease; Vascular, vascular dementia; DLB,
dementia with Lewy bodies; FTD, frontotemporal degeneration and dementias; MCI, mild cognitive impairment;
others, other dementias; total, any of above ADRD. *Comparisons of crude cumulative incidence rates of total
ADRD by 4 vascular diseases were significant at p < 0.01.

Table 3
Incidence-density of dementias by a history of vascular diseases

Incidence-density of dementias (per 1,000 person-years)
Factors AD Vascular DLB FTD MCI Others Total

Cardiovascular disease
No 17.09 7.41 1.16 0.26 2.70 57.84 62.38
Yes 23.27 12.71 1.45 0.31 3.30 94.75 102.48*

Stroke
No 16.00 6.37 1.05 0.22 2.53 53.73 57.79
Yes 29.35 18.61 2.08 0.52 4.28 119.87 131.39*

Hypertension
No 15.34 6.37 1.15 0.25 2.80 52.30 56.51
Yes 19.83 18.61 1.23 0.27 2.73 70.06 75.53*

Diabetes
No 16.99 7.28 1.15 0.26 2.75 57.12 61.58
Yes 20.76 10.72 1.37 0.27 2.80 80.30 86.89*

Age (y)
65–69 6.79 3.39 0.71 0.18 1.69 26.23 28.57
70–74 12.10 5.66 1.06 0.26 2.36 41.90 45.35
75–79 19.56 8.78 1.43 0.30 2.94 63.64 68.89
80–84 29.03 12.46 1.63 0.29 3.62 98.59 106.10
85 or older 38.45 16.40 1.48 0.36 4.64 156.45 169.45

Gender
Men 14.84 7.05 1.49 0.25 2.61 55.82 60.35
Women 20.18 8.75 0.95 0.27 2.89 66.78 71.95

Race/ethnicity
NH-Whites 17.90 7.88 1.20 0.27 2.89 61.65 66.30
NH-Blacks 20.92 11.88 1.04 0.33 2.70 74.99 81.89
NH-Asians/Pacific Islanders 14.34 6.41 1.09 0.13 1.87 54.98 60.36
Hispanics 17.25 6.85 1.33 0.19 2.13 60.52 65.91
Others 11.71 5.72 1.31 0.16 2.52 45.16 48.81
Unknown/missing 14.42 6.33 0.97 0.26 1.50 46.17 50.79

Marital status
Married 14.58 6.15 1.23 0.27 2.57 47.98 51.86
Unmarried 21.88 10.41 1.14 0.24 2.99 80.5 86.85
Unknown 18.62 7.84 1.26 0.39 3.03 64.5 69.11

Tumor stage
Local 18.49 8.08 1.34 0.30 3.01 58.57 63.12
Regional 17.62 7.87 1.15 0.23 2.59 61.08 65.76
Distant 12.81 6.64 0.43 0.12 2.32 87.6 94.6
Unknown/Missing 16.71 9.51 0.75 0.29 1.75 70.23 77.24

(Continued)
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Table 3
(Continued)

Incidence-density of dementias (per 1,000 person-years)
Factors AD Vascular DLB FTD MCI Others Total

Tumor grade
Well-differentiated 17.96 7.76 1.19 0.34 2.66 57.75 62.05
Moderately-differentiated 17.84 7.91 1.21 0.25 2.68 60.28 65.04
Poorly-differentiated 17.85 8.08 1.02 0.26 3.07 65.88 71.07
Unknown/Missing 17.08 8.48 1.34 0.27 2.90 67.68 73.15

Tumor site
Colon 18.58 8.34 1.22 0.26 2.88 64.07 69.16
Rectal 15.39 6.96 1.10 0.27 2.41 55.12 59.38

Chemotherapy
No 19.26 8.77 1.26 0.28 2.91 65.99 71.26
Yes 11.77 4.82 0.91 0.2 2.16 45.18 48.54

Radiotherapy
No 18.05 8.11 1.22 0.27 2.80 62.48 67.43
Yes 12.87 5.87 0.79 0.20 2.04 49.74 53.38

Comorbidity Scores
0 16.24 7.01 1.11 0.25 2.60 52.19 56.34
1 19.66 8.87 1.27 0.30 2.93 72.63 78.19
≥2 24.39 13.44 1.66 0.27 3.56 111.41 120.88

SEER Areas
Connecticut 21.18 15.02 1.38 0.50 2.89 68.68 74.89
Detroit 26.53 12.31 1.35 0.23 2.34 76.75 82.44
Hawaii 15.18 8.74 1.04 0.10 2.57 52.90 56.62
Iowa 14.53 5.70 0.87 0.09 1.87 53.32 56.00
New Mexico 14.04 6.05 0.92 0.11 2.11 55.63 59.11
Seattle 11.23 5.11 0.61 0.16 1.25 39.22 42.34
Utah 12.43 5.55 0.49 0.23 1.94 49.34 52.51
Georgia 15.43 5.13 0.81 0.26 2.25 55.21 59.54
Kentucky 20.2 6.27 1.44 0.21 2.19 73.78 77.55
Louisiana 13.43 5.74 0.87 0.33 2.25 53.16 57.64
New Jersey 23.76 10.2 1.68 0.37 4.03 75.08 82.63
California 15.99 6.89 1.29 0.26 3.36 60.47 65.60

Total 17.76 7.99 1.19 0.26 2.76 61.75 66.62

*Comparisons of crude incidence density rates of total ADRD by 4 vascular diseases were significant at p < 0.01.

person-years were higher in those with vascular dis-
eases than without (102.48 versus 62.38 for CVD,
131.39 versus 57.79 for stroke, 75.53 versus 56.51
for hypertension, and 86.89 versus 61.58 for diabetes;
p < 0.01 for all 4 incidence density rate ratios). The
incidence density rates also increased significantly by
age from 28.57 ADRD cases per 1,000 person-years
for age 65–69 to 45.35 for age 70–74, 68.89 for age
75–79, 106.10 for age 80–84, and 169.45 for age 80 or
older. Tables 2 and 3 also present the crude cumulative
incidence and incidence density rates of dementias by
gender, race, tumor factors, comorbidity, chemother-
apy, radiotherapy, calendar year of diagnosis, and
SEER registries.

Table 4 presents the time to event Cox regression
analyses on the risk of dementias after control-
ling for multiple confounding factors. Patients
with CVD (adjusted hazard ratio: 1.17, 95% CI:
1.14–1.20), stroke (1.65, 1.62–1.68), hypertension

(1.07, 1.05–1.09), and diabetes (1.26, 1.24–1.29)
had significantly elevated risks of developing any
dementias (ADRD) than those who did not have
these conditions after adjusting for age, gender,
race/ethnicity, marital status, tumor stage, tumor
grade, tumor site, comorbidity score, chemotherapy,
radiation therapy, year of diagnosis, and SEER areas.
Men and women who were diagnosed with colorec-
tal cancer and who also had a history of CVD, stroke,
hypertension, and diabetes had a significantly higher
risk of AD, vascular dementia, and other demen-
tias than those who did not have these diseases.
Stroke was significantly associated with a higher risk
for all kinds of dementias (including dementia with
Lewy bodies, FTD, and MCI). In contrast, CVD and
hypertension were not significantly associated with
the risk of dementia with Lewy bodies, FTD, and
MCI. Diabetes was associated with a significantly
higher risk of dementia with Lewy bodies but was
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not significantly associated with the risk of FTD or
MCI.

The hazard ratios of dementias (AD, vascular
dementia, dementia with Lewy bodies, FTD, MCI,
other dementias, and total ADRD) increased signif-
icantly with age. For example, the hazard ratio of
AD was 1.75 (95% confidence intervals: 1.65–1.85)
for patients aged 70–74, 2.83 (2.68–2.99) for patients
aged 75–79, 4.26 (4.03–4.51) for patients aged
80–84, and 5.85 (5.51–6.20) for patients aged ≥ 85 as
compared to patients aged 65–69 years after adjusting
for vascular diseases, gender, race/ethnicity, mar-
ital status, tumor stage, tumor grade, tumor site,
comorbidity score, chemotherapy, radiation therapy,
year of diagnosis, and SEER areas. Women had a
significantly higher risk than men for AD (1.08,
1.05–1.12), but had a significantly lower risk for
dementia with Lewy bodies (0.56, 0.50–0.63), other
dementias (0.95, 0.94–0.97), and total ADRD (0.95,
0.94–0.97). There were no significant differences
in the risk of vascular dementia, FTD, and MCI
between men and women. As compared to NH-
whites, NH-blacks had a significantly higher hazard
ratio of AD (1.20, 1.13–1.27), vascular dementia
(1.51, 1.40–1.62), other dementia (1.20, 1.17–1.24),
and total ADRD (1.22, 1.18–1.25). NH-Asians had
a significantly lower hazard ratio of AD, vascular
dementia, MCI, and other dementias. In addition,
Hispanics had a significantly elevated risk of AD,
other dementias and total ADRD but a lower risk
of MCI. Unmarried patients with colorectal cancer
were more likely to develop AD, vascular demen-
tia, other dementias, and total ADRD than married
ones. The risk of ADRD was not consistently associ-
ated with tumor stage, grade, or site. However, those
with distant tumor stage had a significantly decreased
risk of AD, vascular dementia, dementia with Lewy
bodies, and MCI, but had an increased risk of other
dementias and total ADRD. Chemotherapy appeared
to be associated with a significantly lower risk of
AD, vascular dementia, other dementias, and total
ADRD, but radiotherapy was not significantly asso-
ciated with the risk of any types of ADRD. Those
with higher comorbidity scores had a significantly
higher risk of all types of dementias and total ADRD
except for FTD. There were also some geographic
differences observed by SEER registry areas in the
risk of various dementias after adjusting for vas-
cular diseases, gender, race/ethnicity, marital status,
tumor stage, tumor grade, tumor site, comorbidity
score, chemotherapy, radiation therapy, and year of
diagnosis.

Table 5 presents the risk of various types of demen-
tia in association with the number of vascular diseases
that were present (CVD, stroke, hypertension, and
diabetes). As compared to patients who did not
have any of these diseases, those with ≥ 3 of these
diseases were significantly more likely to develop
any dementias (including AD, vascular dementia,
and total ADRD). A dose-response relationship was
observed between the risk of all types of demen-
tias and the number of 4 vascular diseases present.
For instance, the risk of AD increased from 1.12
(1.07–1.16) to 1.31 (1.25–1.36), 1.66 (1.57–1.75),
and 2.03 (1.82–2.27) from the presence of 1 disease
to 2, 3, and 4 vascular diseases present as compared to
those who did not have any of these diseases. More-
over, the 95% confidence intervals of these hazard
ratios for AD, vascular dementia, and total ADRD
did not overlap. These findings on the associations
between the risk of various types of dementias and
sociodemographic or tumor factors after adjusting for
the combination of vascular diseases are similar to
what were presented in Table 4 above after adjusting
for individual vascular diseases.

The cumulative incidences and the adjusted haz-
ard ratios of AD, other types of dementias, and total
ADRD that were defined by primary diagnosis only
(Supplementary Tables 3 and 4) had similar patterns
by main exposures (CVD, stroke, hypertension, and
diabetes) and other sociodemographic and tumor fac-
tors when compared to the above results using any
diagnosis code for ADRD. However, overall cumu-
lative incidence rates of dementias were lower due to
a more stringent definition of ADRD. After consid-
ering death before ADRD as a competing risk in the
Fine and Gray regression models, the hazard ratios
of AD, vascular dementia, other types of dementias,
and total ADRD were still significantly increased in
patients with CVD, stroke, and diabetes. In contrast,
the risk of AD, other dementias and total ADRD
was significantly lower in patients with hypertension
(see Supplementary Table 5). For example, the haz-
ard ratio of AD was 1.26 (1.24–1.28) for CVD, 1.23
(1.21–1.24) for stroke, 1.20 (1.18–1.22) for diabetes,
and 0.94 (0.93–0.95) for hypertension.

Because AD and ADRD may take a long time to
develop, those AD and ADRD cases that occurred
within a short time period after the baseline of can-
cer diagnosis might not be due to the effects of
main exposures. Hence, we have performed 2 addi-
tional analyses by expanding ‘washout’ periods, in
which we repeated the cumulative incidence analy-
ses by excluding incident AD and ADRD cases that
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Table 4
Adjusted hazard ratio of dementias by vascular diseases

Hazard ratio (95% confidence intervals)* of dementias by vascular diseases
Characteristics AD Vascular DLB FTD MCI Others Total

Cardiovascular disease
Yes versus No 1.12 (1.07–1.16) 1.23 (1.16–1.31) 1.01 (0.86–1.19) 1.05 (0.73–1.50) 1.08 (0.96–1.20) 1.17 (1.15–1.20) 1.17 (1.14–1.20)

Stroke
Yes versus No 1.47 (1.42–1.52) 2.29 (2.18–2.40) 1.78 (1.56–2.04) 2.23 (1.69–2.94) 1.51 (1.38–1.65) 1.63 (1.59–1.66) 1.65 (1.62–1.68)

Hypertension
Yes versus No 1.04 (1.01–1.08) 1.08 (1.03–1.14) 0.91 (0.80–1.02) 0.91 (0.71–1.17) 0.85 (0.79–0.92) 1.07 (1.05–1.09) 1.07 (1.05–1.09)

Diabetes
Yes versus No 1.18 (1.13–1.22) 1.29 (1.23–1.36) 1.18 (1.03–1.36) 1.04 (0.77–1.41) 1.07 (0.98–1.18) 1.26 (1.24–1.29) 1.26 (1.24–1.29)

Age (y)
65–69 1.00 1.00 1.00 1.00 1.00 1.00 1.00
70–74 1.75 (1.65–1.85) 1.55 (1.43–1.69) 1.51 (1.26–1.81) 1.44 (0.99–2.08) 1.38 (1.23–1.56) 1.53 (1.48–1.57) 1.51 (1.47–1.56)
75–79 2.83 (2.68–2.99) 2.30 (2.13–2.49) 2.13 (1.78–2.54) 1.69 (1.16–2.44) 1.72 (1.53–1.94) 2.22 (2.16–2.29) 2.20 (2.13–2.26)
80–84 4.26 (4.03–4.51) 3.11 (2.87–3.37) 2.62 (2.17–3.17) 1.71 (1.14–2.58) 2.16 (1.91–2.45) 3.25 (3.15–3.35) 3.17 (3.08–3.27)
85 or older 5.85 (5.51–6.20) 3.90 (3.59–4.25) 2.73 (2.19–3.40) 2.30 (1.48–3.60) 2.83 (2.48–3.24) 4.70 (4.56–4.85) 4.58 (4.44–4.72)

Gender
Women versus Men 1.08 (1.05–1.12) 0.96 (0.92–1.01) 0.56 (0.50–0.63) 1.07 (0.83–1.38) 1.00 (0.92–1.08) 0.95 (0.94–0.97) 0.95 (0.94–0.97)

Race/ethnicity
NH-Whites 1.00 1.00 1.00 1.00 1.00 1.00 1.00
NH-Blacks 1.20 (1.13–1.27) 1.51 (1.40–1.62) 0.94 (0.75–1.19) 1.31 (0.86–2.00) 1.01 (0.87–1.17) 1.20 (1.17–1.24) 1.22 (1.18–1.25)
NH-Asians/Pacific Islanders 0.91 (0.84–0.99) 0.87 (0.77–0.98) 0.87 (0.65–1.16) 0.54 (0.24–1.17) 0.53 (0.43–0.66) 0.95 (0.91–0.99) 0.97 (0.93–1.01)
Hispanics 1.16 (1.08–1.24) 0.99 (0.89–1.10) 1.13 (0.89–1.44) 0.75 (0.41–1.40) 0.67 (0.56–0.81) 1.05 (1.01–1.09) 1.06 (1.02–1.10)
Others 0.80 (0.69–0.91) 0.81 (0.67–0.99) 1.17 (0.77–1.77) 0.66 (0.20–2.11) 0.79 (0.59–1.07) 0.87 (0.81–0.94) 0.88 (0.82–0.95)
Unknown/missing 0.82 (0.70–0.96) 0.81 (0.64–1.03) 0.75 (0.41–1.36) 0.80 (0.26–2.53) 0.46 (0.29–0.75) 0.77 (0.70–0.84) 0.79 (0.72–0.86)

Marital status
Married 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Unmarried 1.09 (1.06–1.13) 1.27 (1.21–1.34) 1.01 (0.89–1.15) 0.75 (0.57–0.99) 1.00 (0.92–1.08) 1.24 (1.21–1.26) 1.23 (1.21–1.26)
Unknown 1.06 (0.99–1.14) 1.09 (0.97–1.21) 1.06 (0.81–1.38) 1.28 (0.79–2.09) 1.17 (0.99–1.40) 1.15 (1.10–1.20) 1.13 (1.09–1.18)

Tumor stage
Local 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Regional 1.02 (0.98–1.05) 1.05 (1.00–1.10) 0.94 (0.83–1.07) 0.85 (0.64–1.12) 0.88 (0.81–0.95) 1.07 (1.05–1.09) 1.07 (1.05–1.09)
Distant 0.86 (0.79–0.92) 0.87 (0.78–0.97) 0.43 (0.29–0.65) 0.51 (0.24–1.11) 0.79 (0.66–0.95) 1.25 (1.21–1.29) 1.23 (1.19–1.27)
Unknown/Missing 0.71 (0.66–0.77) 0.97 (0.87–1.07) 0.42 (0.30–0.59) 0.82 (0.47–1.45) 0.37 (0.30–0.47) 0.89 (0.85–0.93) 0.91 (0.88–0.95)
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Tumor grade
Well-differentiated 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Moderately-differentiated 1.02 (0.97–1.07) 1.07 (0.99–1.15) 1.08 (0.89–1.30) 0.84 (0.58–1.20) 1.06 (0.94–1.2) 1.02 (0.99–1.05) 1.02 (0.99–1.05)
Poorly-differentiated 1.01 (0.95–1.07) 1.07 (0.98–1.17) 0.98 (0.77–1.23) 0.93 (0.59–1.45) 1.22 (1.05–1.41) 1.03 (1–1.07) 1.04 (1.01–1.08)
Unknown/Missing 1.03 (0.96–1.09) 1.10 (1.00–1.21) 1.27 (1.01–1.59) 0.82 (0.51–1.31) 1.20 (1.03–1.40) 1.11 (1.08–1.16) 1.12 (1.08–1.15)

Tumor site
Rectal versus Colon 0.99 (0.96–1.03) 1.01 (0.95–1.06) 0.97 (0.85–1.11) 1.19 (0.90–1.58) 0.93 (0.85–1.02) 1.02 (1.00–1.04) 1.01 (0.99–1.03)

Chemotherapy
Yes versus No 0.80 (0.76–0.84) 0.71 (0.66–0.76) 0.91 (0.77–1.08) 0.91 (0.64–1.31) 0.95 (0.85–1.06) 0.85 (0.83–0.87) 0.84 (0.82–0.86)

Radiotherapy
Yes versus No 0.96 (0.89–1.04) 0.96 (0.85–1.07) 0.79 (0.58–1.08) 0.83 (0.45–1.54) 0.95 (0.78–1.16) 1.00 (0.95–1.04) 0.99 (0.95–1.03)

Comorbidity Scores
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1 1.08 (1.05–1.12) 1.08 (1.03–1.14) 1.09 (0.96–1.24) 1.16 (0.89–1.50) 1.07 (0.98–1.16) 1.19 (1.17–1.22) 1.19 (1.16–1.21)
≥2 1.21 (1.15–1.27) 1.33 (1.24–1.43) 1.32 (1.09–1.60) 1.01 (0.64–1.59) 1.22 (1.08–1.39) 1.49 (1.45–1.53) 1.48 (1.44–1.52)

SEER Areas
Connecticut 1.31 (1.24–1.39) 2.22 (2.07–2.39) 1.04 (0.85–1.28) 1.80 (1.24–2.60) 0.76 (0.66–0.87) 1.15 (1.11–1.19) 1.16 (1.13–1.20)
Detroit 1.61 (1.53–1.70) 1.57 (1.46–1.69) 0.98 (0.80–1.21) 0.76 (0.47–1.23) 0.60 (0.52–0.70) 1.21 (1.17–1.24) 1.20 (1.16–1.23)
Hawaii 1.24 (1.09–1.40) 1.73 (1.46–2.05) 0.81 (0.50–1.30) 0.58 (0.14–2.48) 1.02 (0.75–1.38) 1.13 (1.05–1.22) 1.11 (1.03–1.19)
Iowa 0.93 (0.88–0.99) 0.92 (0.83–1.00) 0.68 (0.54–0.85) 0.34 (0.18–0.66) 0.49 (0.42–0.57) 0.96 (0.93–1.00) 0.94 (0.91–0.97)
New Mexico 1.00 (0.90–1.12) 1.10 (0.94–1.29) 0.72 (0.48–1.08) 0.45 (0.14–1.42) 0.66 (0.50–0.86) 1.08 (1.02–1.15) 1.06 (1.01–1.13)
Seattle 0.76 (0.70–0.83) 0.85 (0.76–0.96) 0.48 (0.34–0.67) 0.60 (0.31–1.17) 0.34 (0.27–0.43) 0.72 (0.69–0.76) 0.72 (0.69–0.76)
Utah 0.88 (0.78–0.98) 0.99 (0.84–1.17) 0.39 (0.22–0.67) 0.86 (0.38–1.99) 0.54 (0.41–0.71) 0.96 (0.91–1.02) 0.95 (0.89–1.01)
Georgia 1.10 (1.03–1.18) 0.79 (0.71–0.89) 0.72 (0.54–0.96) 1.04 (0.62–1.74) 0.67 (0.56–0.79) 0.98 (0.95–1.02) 0.97 (0.94–1.01)
Kentucky 1.45 (1.36–1.55) 1.01 (0.90–1.12) 1.21 (0.96–1.53) 0.80 (0.45–1.42) 0.63 (0.53–0.75) 1.33 (1.29–1.38) 1.29 (1.25–1.34)
Louisiana 0.93 (0.86–1.01) 0.83 (0.73–0.94) 0.73 (0.53–1.00) 1.19 (0.70–2.04) 0.65 (0.53–0.78) 0.91 (0.87–0.95) 0.91 (0.87–0.95)
New Jersey 1.44 (1.37–1.51) 1.35 (1.26–1.45) 1.28 (1.08–1.51) 1.29 (0.90–1.86) 1.09 (0.98–1.21) 1.14 (1.11–1.17) 1.15 (1.12–1.18)
California 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*Hazard ratios adjusted for the following variables: age, gender, race/ethnicity, marital status, tumor stage, tumor grade, tumor site, comorbidity score, chemotherapy, radiation therapy, year of
diagnosis, and SEER areas.
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Table 5
Hazard ratio of dementias by combination of vascular diseases (CVD, stroke, hypertension and diabetes) in patients with colorectal cancer

Hazard ratio (95% confidence intervals)* of dementias by the number of vascular diseases present
Risk factors AD Vascular DLB FTD MCI Others Total

Status of 4 vascular diseases (CVD, stroke, hypertension, and diabetes)
None 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
1 of 4 risk factors 1.12 (1.07–1.16) 1.29 (1.22–1.36) 1.05 (0.91–1.20) 1.26 (0.94–1.68) 0.90 (0.83–0.99) 1.17 (1.15–1.20) 1.18 (1.15–1.20)
2 of 4 risk factors 1.31 (1.25–1.36) 1.73 (1.62–1.84) 1.23 (1.05–1.43) 1.24 (0.88–1.74) 1.06 (0.96–1.17) 1.48 (1.45–1.52) 1.49 (1.45–1.52)
3 of 4 risk factors 1.66 (1.57–1.75) 2.87 (2.65–3.10) 1.57 (1.27–1.95) 1.70 (1.06–2.73) 1.30 (1.12–1.50) 1.97 (1.91–2.04) 1.98 (1.92–2.05)
4 of 4 risk factors 2.03 (1.82–2.27) 3.50 (3.06–4.01) 1.90 (1.25–2.88) 3.15 (1.44–6.91) 1.15 (0.83–1.61) 2.46 (2.32–2.60) 2.46 (2.33–2.60)

Age (y)
65–69 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
70–74 1.75 (1.65–1.86) 1.57 (1.44–1.70) 1.52 (1.26–1.82) 1.45 (1.00–2.09) 1.39 (1.23–1.57) 1.53 (1.48–1.58) 1.51 (1.47–1.56)
75–79 2.84 (2.69–3.00) 2.35 (2.17–2.54) 2.16 (1.81–2.58) 1.72 (1.19–2.49) 1.74 (1.55–1.96) 2.24 (2.17–2.31) 2.21 (2.15–2.27)
80–84 4.30 (4.07–4.55) 3.21 (2.96–3.48) 2.68 (2.22–3.24) 1.78 (1.18–2.68) 2.21 (1.95–2.50) 3.28 (3.19–3.39) 3.20 (3.11–3.30)
85 or older 5.93 (5.59–6.29) 4.08 (3.75–4.44) 2.81 (2.26–3.50) 2.44 (1.57–3.80) 2.91 (2.55–3.33) 4.77 (4.62–4.92) 4.65 (4.51–4.79)

Gender
Women versus Men 1.08 (1.04–1.11) 0.95 (0.91–1.00) 0.56 (0.49–0.63) 1.05 (0.82–1.35) 0.98 (0.91–1.06) 0.95 (0.93–0.96) 0.95 (0.93–0.96)

Race & ethnicity
NH-White 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
NH-Black 1.18 (1.12–1.25) 1.46 (1.36–1.57) 0.92 (0.73–1.17) 1.26 (0.83–1.92) 0.99 (0.85–1.14) 1.18 (1.15–1.22) 1.2 (1.16–1.23)
NH–Asians/Pacific Islander 0.90 (0.83–0.98) 0.84 (0.74–0.95) 0.85 (0.64–1.14) 0.51 (0.23–1.12) 0.52 (0.42–0.64) 0.94 (0.9–0.98) 0.95 (0.92–1.00)
Hispanic 1.15 (1.07–1.23) 0.95 (0.86–1.06) 1.12 (0.88–1.42) 0.73 (0.39–1.35) 0.66 (0.55–0.79) 1.04 (1.00–1.08) 1.04 (1.01–1.08)
Others 0.79 (0.68–0.90) 0.78 (0.64–0.96) 1.14 (0.75–1.72) 0.63 (0.2–2.02) 0.78 (0.58–1.05) 0.86 (0.8–0.92) 0.87 (0.81–0.93)
Unknown/missing 0.81 (0.69–0.95) 0.80 (0.63–1.01) 0.74 (0.41–1.35) 0.80 (0.25–2.51) 0.46 (0.28–0.74) 0.76 (0.69–0.84) 0.78 (0.71–0.85)

Marital status
Married cases 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Unmarried cases 1.09 (1.06–1.13) 1.27 (1.21–1.33) 1.01 (0.89–1.14) 0.75 (0.57–0.98) 1.00 (0.92–1.08) 1.24 (1.21–1.26) 1.23 (1.21–1.25)
Unknown cases 1.06 (0.99–1.14) 1.09 (0.98–1.21) 1.06 (0.81–1.38) 1.29 (0.79–2.10) 1.17 (0.99–1.39) 1.15 (1.10–1.19) 1.13 (1.09–1.18)

Tumor stage
Local 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Regional 1.02 (0.98–1.05) 1.06 (1.00–1.11) 0.95 (0.84–1.08) 0.86 (0.65–1.13) 0.88 (0.81–0.96) 1.07 (1.05–1.09) 1.07 (1.05–1.09)
Distant 0.86 (0.80–0.93) 0.88 (0.79–0.98) 0.44 (0.29–0.65) 0.52 (0.24–1.12) 0.80 (0.66–0.95) 1.25 (1.21–1.29) 1.24 (1.20–1.28)
Unknown/Missing 0.72 (0.67–0.77) 0.99 (0.90–1.10) 0.43 (0.31–0.61) 0.85 (0.48–1.49) 0.38 (0.31–0.48) 0.90 (0.87–0.94) 0.93 (0.89–0.96)

Tumor grade
Well-differentiated 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Moderately-differentiated 1.02 (0.97–1.07) 1.07 (1.00–1.15) 1.08 (0.90–1.30) 0.84 (0.59–1.21) 1.07 (0.94–1.21) 1.02 (0.99–1.05) 1.02 (1.00–1.05)
Poorly-differentiated 1.01 (0.95–1.07) 1.09 (1.00–1.19) 0.99 (0.78–1.24) 0.94 (0.60–1.47) 1.23 (1.06–1.42) 1.04 (1.00–1.08) 1.05 (1.01–1.08)
Unknown/Missing 1.03 (0.97–1.10) 1.11 (1.01–1.22) 1.27 (1.01–1.60) 0.82 (0.51–1.32) 1.21 (1.03–1.41) 1.12 (1.08–1.16) 1.12 (1.08–1.16)

(continued)
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Table 5
(continued)

Hazard ratio (95% confidence intervals)* of dementias by the number of vascular diseases present
Risk factors AD Vascular DLB FTD MCI Others Total

Tumor site
Rectal versus Colon 0.99 (0.96–1.03) 1.01 (0.96–1.07) 0.97 (0.85–1.11) 1.20 (0.90–1.58) 0.93 (0.85–1.02) 1.02 (1.00–1.04) 1.02 (0.99–1.04)

Chemotherapy
Yes versus No 0.79 (0.75–0.83) 0.68 (0.64–0.74) 0.89 (0.75–1.05) 0.87 (0.61–1.25) 0.92 (0.83–1.03) 0.83 (0.81–0.85) 0.83 (0.81–0.85)

Radiotherapy
Yes versus No 0.96 (0.88–1.03) 0.93 (0.83–1.04) 0.78 (0.57–1.07) 0.81 (0.44–1.50) 0.94 (0.77–1.14) 0.98 (0.94–1.02) 0.98 (0.94–1.02)

Comorbidity Scores
0 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
1 1.09 (1.05–1.12) 1.09 (1.04–1.15) 1.10 (0.97–1.24) 1.17 (0.90–1.52) 1.08 (0.99–1.17) 1.20 (1.17–1.22) 1.19 (1.17–1.21)
≥2 1.22 (1.16–1.28) 1.36 (1.27–1.46) 1.34 (1.11–1.62) 1.04 (0.66–1.63) 1.25 (1.10–1.42) 1.50 (1.46–1.54) 1.49 (1.46–1.53)

SEER Areas
Connecticut 1.30 (1.23–1.37) 2.15 (2.00–2.30) 1.02 (0.83–1.25) 1.72 (1.19–2.49) 0.74 (0.65–0.85) 1.13 (1.10–1.17) 1.14 (1.11–1.18)
Detroit 1.61 (1.53–1.69) 1.56 (1.45–1.68) 0.98 (0.80–1.21) 0.75 (0.46–1.21) 0.60 (0.52–0.70) 1.20 (1.17–1.24) 1.19 (1.16–1.23)
Hawaii 1.23 (1.08–1.40) 1.70 (1.43–2.02) 0.80 (0.50–1.28) 0.57 (0.13–2.43) 1.01 (0.75–1.37) 1.12 (1.04–1.21) 1.10 (1.02–1.18)
Iowa 0.92 (0.87–0.98) 0.89 (0.81–0.98) 0.67 (0.53–0.84) 0.33 (0.17–0.64) 0.48 (0.41–0.56) 0.95 (0.92–0.98) 0.93 (0.90–0.95)
New Mexico 1.00 (0.90–1.11) 1.09 (0.92–1.28) 0.71 (0.47–1.07) 0.44 (0.14–1.40) 0.66 (0.50–0.86) 1.08 (1.02–1.14) 1.06 (1.00–1.12)
Seattle 0.76 (0.70–0.82) 0.84 (0.75–0.95) 0.48 (0.34–0.66) 0.60 (0.31–1.16) 0.34 (0.27–0.43) 0.72 (0.69–0.75) 0.72 (0.69–0.75)
Utah 0.86 (0.77–0.97) 0.95 (0.81–1.13) 0.38 (0.22–0.66) 0.83 (0.36–1.91) 0.53 (0.40–0.70) 0.95 (0.90–1.01) 0.94 (0.88–0.99)
Georgia 1.10 (1.03–1.18) 0.78 (0.70–0.88) 0.72 (0.54–0.95) 1.03 (0.61–1.73) 0.66 (0.56–0.79) 0.98 (0.94–1.02) 0.97 (0.93–1.01)
Kentucky 1.44 (1.35–1.53) 0.98 (0.88–1.09) 1.19 (0.94–1.50) 0.77 (0.43–1.38) 0.62 (0.52–0.74) 1.32 (1.27–1.36) 1.27 (1.23–1.32)
Louisiana 0.93 (0.86–1.01) 0.83 (0.73–0.94) 0.74 (0.54–1.01) 1.20 (0.70–2.05) 0.65 (0.53–0.79) 0.91 (0.88–0.96) 0.91 (0.87–0.95)
New Jersey 1.44 (1.37–1.51) 1.34 (1.25–1.44) 1.28 (1.08–1.51) 1.29 (0.89–1.85) 1.09 (0.98–1.21) 1.13 (1.10–1.17) 1.15 (1.12–1.18)
California 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

*Hazard ratios adjusted for the following variables: age, gender, race/ethnicity, marital status, tumor stage, tumor grade, tumor site, comorbidity score, chemotherapy, radiation therapy, year of
diagnosis, and SEER areas.
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occurred during the first 1 year and 5 years after the
date of cancer diagnosis. These analyses also aimed to
control for potential reverse causation bias that could
be resulted from the effects of preclinical or prodro-
mal dementia on susceptibility to vascular diseases.
The results from these analyses showed that cumu-
lative incidence of AD and ADRD were expectedly
lower after excluding incident AD and ADRD cases
that occurred during the first 1 year and 5 years after
the date of cancer diagnosis. However, the patterns
of these cumulative incidence rates (Supplementary
Table 6) and the adjusted hazard ratios of developing
AD or ADRD (Supplementary Table 7) by history
of vascular diseases, age, gender, and race/ethnicity
were similar to the results that did not exclude those
cases (Tables 2 and 4). The time to event Cox regres-
sion models showed that the adjusted hazard ratios
of developing AD or ADRD were similar to those in
Table 4 that did not exclude those cases within 1 or 5
years, after adjusting for age as categorical variable
(Supplementary Table 7) or as a continuous variable
(Table 6). For example, after excluding any ADRD
cases that occurred during the first 5 years after the
baseline (i.e., the date of colorectal cancer diagnosis),
patients with CVD (adjusted hazard ratio: 1.10, 95%
CI: 1.07–1.14), stroke (1.42, 1.38–1.4768), hyperten-
sion (1.09, 1.06–1.12), and diabetes (1.24, 1.21–1.27)
had significantly elevated risks of developing any
dementias (ADRD) than those who did not have these
conditions after adjusting for age (continuous), gen-
der, race/ethnicity, marital status, tumor stage, tumor
grade, tumor site, comorbidity score, chemotherapy,
radiation therapy, year of diagnosis, and SEER areas
(Table 6). The adjusted hazard ratio of developing AD
was significantly higher in patients with CVD (1.12,
1.05–1.20), stroke (1.22, 1.15–1.29), hypertension
(1.07, 1.02–1.12), and diabetes (1.17, 1.11–1.23),
after adjusting for age as a continuous variable and
other factors listed in the footnote of Table 6. Among
patients diagnosed with colorectal cancer at age 65 or
older, the adjusted risk of AD significantly increased
by 8% (hazard ratio: 1.08, 1.07–1.08) with every
one-year age increase and the adjusted risk of any
dementias (ADRD) significantly increased by 6%
(hazard ratio: 1.06, 1.06–1.07) with every one-year
age increase. Similarly, the adjusted risk of AD signif-
icantly increased by 8% (1.08, 1.08–1.09) with every
one-year age increase and the adjusted risk of ADRD
significantly increased by 7% (1.07, 1.07–1.07) with
every one-year age increase after including all inci-
dent dementia (ADRD) cases that occurred after the
baseline (Table 6).

DISCUSSION

This study examined a large cohort of older men
and women who were diagnosed with colorectal can-
cer to determine the long-term risk of dementias (AD,
other specific types of dementias, and total ADRD)
in association with main vascular diseases (CVD,
stroke, hypertension, and diabetes) and other factors.
The 26-year incidence of total ADRD was higher in
patients with CVD, stroke, hypertension, and dia-
betes than those without these diseases. This study
observed that CVD, stroke, hypertension, and dia-
betes were significantly associated with an increased
risk of developing AD, vascular dementia, other
dementias, and total ADRD combined. The risk of
AD increased significantly with increasing numbers
of 4 vascular diseases present (CVD, stroke, hyper-
tension, and diabetes) as compared to those without
any of these diseases. The risk of AD, other specific
dementias, and total ADRD increased significantly
with age. Patients with aged 75–79, 80–84, and ≥ 85
had over 2-, 4-, and 5-fold higher risks of AD, respec-
tively, as compared to patients aged 65–69 years.
Women had a significantly higher risk of AD but a
significantly lower risk of dementia with Lewy bod-
ies, other dementias, and total ADRD versus men.
There were substantial different risks for ADRD by
race/ethnicity. NH-blacks had a significantly higher
risk of AD, vascular dementia, other dementia, and
total ADRD. Asians had a significantly decreased risk
of AD, vascular dementia, MCI, and other dementias.
Hispanics had a significantly higher risk of AD, other
dementia and total ADRD but a decreased risk of MCI
as compared to NH-whites.

Numerous previous studies have demonstrated
a strong relationship between the risk of demen-
tia and/or cognitive declines and vascular diseases,
including cardiovascular disease [6–8, 26], cere-
brovascular disease [7, 8, 18], hypertension [11, 12,
15], and diabetes [9, 19] in general populations and
in women with breast cancer [41]. Various risk fac-
tors might contribute to cognitive decline in those
patients, such as deficits in cerebral blood flow lead-
ing to decreased oxygen and glucose supply or heart
failure-related cerebral microembolism [7, 8, 10, 13,
14, 16, 21]. Hypertension and elevated blood pres-
sures are associated with a higher risk of cognitive
decline and dementia [20, 22]. Diabetes with or with-
out the presence of risk factors such as hypertension
and smoking were associated with a higher risk of
MCI, AD, and vascular dementia [19, 23–25]. The
pathophysiological mechanisms in which diabetes
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Table 6
Adjusted hazard ratio of AD and ADRD after excluding dementia cases

Adjusted hazard ratio (95% CI)* of AD and ADRD by excluding dementia cases that
occurred < 1 year or < 5 years after the baseline

Cases<1 year of baseline Cases<5 years of baseline All cases included
were excluded were excluded after baseline

Characteristics AD ADRD AD ADRD AD ADRD

Cardiovascular disease
Yes versus No 1.13 (1.07–1.18) 1.16 (1.13–1.18) 1.12 (1.05–1.20) 1.10 (1.07–1.14) 1.12 (1.07–1.17) 1.17 (1.14–1.19)

Stroke
Yes versus No 1.39 (1.33–1.44) 1.56 (1.53–1.60) 1.22 (1.15–1.29) 1.42 (1.38–1.47) 1.47 (1.42–1.53) 1.65 (1.62–1.68)

Hypertension
Yes versus No 1.05 (1.01–1.08) 1.05 (1.03–1.07) 1.07 (1.02–1.12) 1.09 (1.06–1.12) 1.05 (1.01–1.08) 1.07 (1.05–1.08)

Diabetes
Yes versus No 1.18 (1.14–1.23) 1.27 (1.24–1.3) 1.17 (1.11–1.23) 1.24 (1.21–1.27) 1.19 (1.15–1.23) 1.27 (1.25–1.30)

Age (≥65 y)
Age (continuous) 1.08 (1.08–1.08) 1.07 (1.07–1.07) 1.08 (1.07–1.08) 1.06 (1.06–1.07) 1.08 (1.08–1.09) 1.07 (1.07–1.07)

Gender
Women versus Men 1.09 (1.05–1.13) 0.96 (0.95–0.98) 1.11 (1.06–1.16) 1.01 (0.98–1.03) 1.08 (1.04–1.12) 0.95 (0.93–0.97)

Race/ethnicity
NH-Whites 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
NH-Blacks 1.17 (1.10–1.24) 1.17 (1.13–1.21) 1.12 (1.03–1.21) 1.07 (1.02–1.12) 1.20 (1.13–1.26) 1.22 (1.18–1.25)
NH-Asians/Pacific Islanders 0.92 (0.84–1.01) 0.99 (0.94–1.03) 0.87 (0.78–0.97) 0.95 (0.90–1.01) 0.92 (0.85–1.00) 0.98 (0.93–1.02)
Hispanics 1.15 (1.07–1.24) 1.06 (1.02–1.10) 1.10 (1.00–1.21) 1.01 (0.96–1.06) 1.17 (1.09–1.25) 1.07 (1.03–1.11)
Others 0.81 (0.7–0.94) 0.88 (0.81–0.95) 0.82 (0.69–0.98) 0.86 (0.79–0.95) 0.79 (0.69–0.91) 0.88 (0.82–0.95)
Unknown/missing 0.82 (0.69–0.97) 0.81 (0.74–0.90) 0.87 (0.70–1.06) 0.87 (0.78–0.98) 0.82 (0.70–0.96) 0.79 (0.72–0.86)

AD, Alzheimer’s disease; ADRD, Alzheimer’s disease and related dementias including AD; Vascular, vascular dementia; DLB, dementia with Lewy bodies; FTD, frontotemporal degeneration
and dementias; MCI, mild cognitive impairment; other dementias. **Hazard ratios adjusted for the following variables: age (continuous), gender, race/ethnicity, marital status, tumor stage,
tumor grade, tumor site, comorbidity score, chemotherapy, radiation therapy, year of diagnosis, and SEER areas.
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could increase the risk of ADRD include changes
in the inflammatory balance triggered by diabetes
and hyperinsulinemia, a higher risk of white matter
hyperintensities, and glycogen synthase kinase-3 (a
pivotal enzyme in glycogen synthesis) that promotes
tau phosphorylation and its activity is regulated by
amyloid-� peptide [33]. Studies also show that stroke
is associated with an elevated risk of dementia, and
that small microbleeding or cerebral infarcts are asso-
ciated with an increased risk of cognitive impairment
[30–32].

These associations between vascular factors and
dementia were observed in community-based gen-
eral populations [6, 7, 10, 15, 24–27, 35–40] as well
as in those population-based cohort of patients with
cancer [41]. For instance, among women diagnosed
with breast cancer, patients with CVD (hazard ratio:
1.30; 95% confidence intervals: 1.27,1.33), stroke
(1.50; 1.47,1.54), hypertension (1.08; 1.06,1.09), and
diabetes (1.26; 1.24,1.29) had significantly increased
risks of developing dementia [41]. Black women had
a significantly increased risk of AD (1.21; 1.16,1.27),
whereas Asians or Pacific-Islanders had a signif-
icantly decreased risk of AD (0.77; 0.71,0.83) as
compared to white women with breast cancer. The
current study also demonstrated that in men and
women diagnosed with colorectal cancer, vascular
diseases (CVD, stroke, hypertension, and diabetes)
were significantly associated with an elevated risk of
developing AD, vascular dementia, other dementias,
and total ADRD combined.

Similar to what was found in women with breast
cancer, this study found that hypertension in older
men and women with colorectal cancer was weakly
associated with the risk of AD and vascular demen-
tia, but it was not associated with the risk of dementia
with Lewy bodies and MCI. This could be due to a
more complicated relationship between hypertension
and dementia in middle-aged adults versus an older
population. For instance, some studies found that
hypertension at midlife is a risk factor for ADRD but
hypertension in late life (mean age ≥ 70 years) may
have no effect or a weak protective effect for ADRD
[70–73]. A systematic review showed that the evi-
dence for an association between the risk of dementia
and the treatment of hypertension in older patients
was inconclusive [74]. One clinical trial showed a
promising result that intensive blood pressure control
may be associated with a decreased risk of mild cog-
nitive impairment [75], but it is still unclear whether
the risk of late-onset dementias, such as AD, will also
be significantly decreased.

Because studies on breast and colorectal cancer
patients did not include subjects without cancer, it
is still unclear how cancer impacts the association
between vascular diseases and ADRD. Several previ-
ous studies reported an inverse relationship between
dementia and cancer [42–53] and that the AD risk
in patients with cancer might be decreased by about
35% [46]. Another review of numerous observational
studies concluded an inverse association between
AD dementia and cancer [52] and that this associ-
ation is unlikely to be due to bias or confounding
(such as diagnostic bias, competing risk bias, or
inappropriate adjustment for confounding factors)
[52]. Hence, it would be interesting to quantify how
cancer affects these relationships between vascu-
lar disease and ADRD. Some potential biological
mechanisms were proposed, including proteins that
suppress tau and amyloid-� deposition and regu-
late the cell cycle [52], striking differences between
post-mitotic neurons and regular mitotic cells, and
differential regulation of common genes in AD and
cancer [47]. More research on confirming cancer-AD
inverse associations and their biological mechanisms
are clearly needed.

This study has several strengths in its design
and approach. Firstly, the study examined a nation-
wide, population-based cohort of men and women
diagnosed with colorectal cancer at age 65 years
or older in the SEER geographical regions, which
accounted for 28% of the U.S. population [62, 63].
Because dementia takes a long time to develop and
is uncommon at the early stage of study follow-up,
a large study population with a long follow-up is
often needed in order to generate meaningful infor-
mation on the probability of developing dementias
and on risk factors associated with it. This cohort
of men and women with colorectal cancer from
1991 to 2015 was followed up for up to 26 years
from 1991 to 2016, making the study significant and
unique. Secondly, the national comprehensive Medi-
care insurance claims data were utilized to identify
the incidence of dementias. The Medicare program
is a federal health insurance for people aged 65 or
older. Data from Medicare contains a list of billing
records for Medicare beneficiaries from the date of
Medicare enrollment to the date of death. Because
Medicare is a national insurance program, Medicare
claims may capture medical services offered outside
the SEER areas. Thirdly, this population-based cohort
with a large number of men and women with colorec-
tal cancer were obtained from the SEER program of
the National Cancer Institute, which provides a high
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cancer case ascertainment and accurate information
on clinical tumor factors. Finally, because AD and
ADRD may take a long time to develop, those AD and
ADRD cases that occurred within a short time period
after the baseline of cancer diagnosis might not be
due to the effects of main exposures. Our study per-
formed additional analyses by expanding ‘washout’
periods and controlling for potential reverse causa-
tion bias, in which the study excluded incident AD
and ADRD cases that occurred during the first 1 year
and 5 years after the date of cancer diagnosis. The
findings showed that the patterns of adjusted hazard
ratios of developing AD or ADRD by vascular dis-
eases, age, gender, and race/ethnicity were similar to
the results that did not exclude those cases, indicating
that the long-term association between vascular dis-
eases and AD and ADRD are robust in patients with
colorectal cancer.

There are a few limitations to this current study,
however. First, because medical history of vascular
diseases was identified from Medicare data within 12
months prior to and 30 days after the date of colorectal
cancer diagnosis, the duration of these vascular dis-
eases and their treatment status were unknown. This
might have affected the estimation of dementia risk.
Second, Medicare claims were reported to have a sen-
sitivity of 85% and a specificity of 89% for identifying
overall dementia [76–78], but it is possible that total
ADRD or specific types of ADRD could be either
overestimated or underestimated. Third, because the
study population in this report only included older
men and women diagnosed with colorectal cancer
at age 65 years or older, the study findings may not
be generalizable to younger patients. Fourth, because
we only analyzed patients who had Medicare Parts
A and B and did not enroll with a Health Mainte-
nance Organization or Part C (Medicare Advantage)
due to potential incomplete claims, the study findings
may not be generalizable to those who have Medicare
Advantage plan. In addition, statistical significance
from this large cohort study should be interpreted
carefully with clinical significance on the associa-
tions between various factors and ADRD. Finally,
the study did not have all relevant variables, such as
smoking, education, and income, which might affect
the estimated association between the risk of demen-
tias and vascular diseases.

In summary, this study demonstrated that in older
men and women diagnosed with colorectal cancer
at age 65 or older with up to 26 years of follow-up,
vascular diseases were associated with a significantly
higher risk of developing dementia. There was a sig-

nificant dose-response relationship between the risk
of all types of dementias and the increasing num-
ber of these four vascular diseases present. Patients
aged 75–79, 80–84, and ≥ 85 had over 2-, 4-, and 5-
fold higher risks of AD than those aged 65–69 years.
There were substantially different risks of ADRD by
race/ethnicity. It would be important in future studies
to determine the impact of colorectal cancer or other
cancers on the risk of dementias when comparing a
cohort of cancer patients with those who have simi-
lar background risks, but do not have a diagnosis of
cancer.
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