1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Alzheimers Dis. Author manuscript; available in PMC 2022 May 19.

-, HHS Public Access
«

Published in final edited form as:
J Alzheimers Dis. 2022 ; 87(1): 415-432. doi:10.3233/JAD-215657.

Risk of Developing Alzheimer’s Disease and Related
Dementias in Association with Cardiovascular Disease, Stroke,
Hypertension, and Diabetes in a Large Cohort of Women with
Breast Cancer and with up to 26 Years of Follow-Up

Xianglin L. Du?", Lulu Song?, Paul E. Schulz?, Hua Xu®, Wenyaw Chan¢

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 Neurology, The University of Texas Health Science Center at Houston, Houston,
TX, USA

¢School of Biomedical Informatics, The University of Texas Health Science Center at Houston,
Houston, TX, USA

dDepartment of Biostatistics and Data Science, School of Public Health, The University of Texas
Health Science Center at Houston, Houston, TX, USA

Abstract

Background: No study on the long-term incidence of Alzheimer’s disease (AD) and related
dementias (ADRD) has been reported in women with breast cancer by vascular diseases.

Obijective: To determine the risk of ADRD in association with cardiovascular diseases (CVD),
stroke, hypertension, and diabetes in women with breast cancer.

Methods: Study identified 246,686 women diagnosed with breast cancer at age =65 years

in 1991-2015 from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked
database. Women were free of ADRD at the time of cancer diagnosis and followed from 1991 to
2016.

Results: Cumulative incidence of AD over 26 years of follow-up varied from 10.7% to 13.6%
by CVD, stroke, hypertension, and diabetes. Cumulative incidence of ADRD was higher in

those with CVD (40.75%) versus no-CVD (31.32%), stroke (40.24%) versus no-stroke (31.34%),
hypertension (33.06%) versus no-hypertension (30.47%), and diabetes (33.38%) versus no-
diabetes (31.77%). After adjusting for confounders, those with CVD (hazard ratio:1.30, 95%CI:
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)

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (CC BY-NC
4.0).

"Correspondence to: Xianglin L. Du, PhD, Department of Epidemiology, Human Genetics and Environmental Sciences, School

of Public Health, The University of Texas Health Science Center at Houston, 1200 Pressler St, Houston, TX 77030, USA.
Xianglin.L.Du@uth.tmc.edu.

Authors’ disclosures available online (https://www.j-alz.com/manuscript-disclosures/21-5657r1).

SUPPLEMENTARY MATERIAL
The supplementary material is available in the electronic version of this article: https://dx.doi.org/10.3233/JAD-215657.


https://www.j-alz.com/manuscript-disclosures/21-5657r1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Du et al.

Keywords

Page 2

had significantly higher risks of developing ADRD. Women aged 80-84, and =85 had 5- and
7-fold higher risks of AD than those aged 65-69. As compared to white women, black women
had a significantly higher risk of AD (1.21, 1.16-1.27), whereas Asians/Pacific-Islanders had a
significantly lower risk of AD (0.77, 0.71-0.83).

Conclusion: In women with breast cancer, CVD, stroke, hypertension, and diabetes were
associated with a significantly higher risk of developing any ADRD combined. The risk of ADRD
was higher in black women and lower in Asian/Pacific-Islanders than white women.

Alzheimer’s disease; breast cancer; dementias; medicare; vascular diseases

INTRODUCTION

The prevalence of Alzheimer’s disease (AD) and related dementias (ADRDS) has been
increasing over the past few decades [1-6] and is projected to be doubled by 2025 and
tripled by 2050 [1-5]. The global number of individuals who live with dementia increased
from 20.2 million (95% uncertainty interval: 17-4-23.5) in 1990 to 43-8 million (37-8-51.0)
in 2016 [6]. In the United States, it is estimated that 5.8 million Americans of all ages live
with AD in 2019, of which 5.6 million people (97%) are age > 65 and 81% are age = 75
[1-4]. AD is the 6th leading cause of death in the United States [1-3] and is still incurable
although much progress has been made [1-3].

Etiologies for ADRD remained largely unknown, but they have been linked to a number
of risk, history of psychiatric disorders, head trauma, genetic factors, and vascular diseases
or related risk factors such as cardiovascular diseases (CVD), stroke, hypertension, and
diabetes [1-11]. Numerous studies have documented that regular physical exercise and
good management of cardiovascular risk factors (such as diabetes and hypertension) are
associated with a reduced risk of cognitive decline and may be associated with a reduced
risk for dementia [1-3, 9].

To the best of our knowledge, no study on the long-term incidence of ADRD has been
reported in older women with breast cancer amongst Medicare beneficiaries. Because

of early detection and significant improvements in treatment for breast cancer, women
diagnosed with breast cancer now have higher survival rates. It would be of great interest
to know the likelihood of developing ADRD later in their life among those breast

cancer survivors. It is also imperative to examine whether common comorbid conditions
(CVD, stroke, hypertension, and diabetes) affect the risk of ADRD when compared to
those without these comorbidities. Therefore, this study aimed to determine the risk

of AD and ADRD in association with cardiovascular disease, stroke, hypertension, and
diabetes in a large cohort of women with breast cancer with up to 26 years of follow-up
from1991t02016.0urhypothesiswasthatinwomen with breast cancer, the risk of ADRD is
significantly higher in patients who had a history of CVD, stroke, hypertension, and diabetes
than those who did not.
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Data sources

This study used the de-identified Surveillance, Epidemiology, and End Results (SEER)
and Medicare-linked database for breast cancer cases between 1991 and 2015 with follow-
up from 1991 to 2016. The SEER program, supported by the National Cancer Institute
(NCI), includes 17 population-based tumor registries in 8 states (Connecticut, lowa, New
Mexico, Utah, Hawaii, Kentucky, Louisiana, New Jersey), 7 metropolitan/rural areas (San
Francisco/Oakland, Detroit, Atlanta, Seattle, Rural-Georgia, Los Angeles County, and San
Jose-Monterey areas), Greater-California, and Greater-Georgia. The Medicare program
provides payments for hospital, physician, and outpatient medical services for > 97% of
persons aged = 65 [12, 13]. The Committee for the Protection of Human Subjects at the
University of Texas Health Science Center at Houston approved this study.

Study population

The study population consisted of 332,532 women who were diagnosed with breast cancer
at age = 65 years from 1991 through 2015 (Fig. 1). The study excluded those who did not
have a full coverage of both Medicare Part A and Part B or who were enrolled with Health
Maintenance Organizations from the date of diagnosis to the date of death or the date of
last follow-up on December 31, 2016.The study excluded those who died within 30 days of
breast cancer diagnosis and those who had a history of any dementias (ADRD) within 365
days prior to or within 30 days of cancer diagnosis. After exclusions, 246, 686 women with
breast cancer who were free of ADRD at the baseline were left in the final analysis.

Study variables

Main exposures—Main exposure variables are CVD (including myocardial infarction,
congestive heart failure, or peripheral vascular disease), stroke, hypertension, and diabetes,
which were defined as having an ICD-9 or ICD-10 diagnosis within 12 months prior to or 30
days after the date of cancer diagnosis (Supplementary Table 1).

Covariates—Covariates include socio-demographics (age, race/ethnicity, marital status),
tumor factors (stage, size, grade, hormone receptor status, and receipt of chemotherapy and
radiation therapy), comorbidity, year of diagnosis, and SEER areas. Comorbidities included
chronic pulmonary disease, congestive tissue disease, ulcer disease, mild liver disease,
hemiplegia, moderate or severe renal disease, leukemia, moderate or severe liver disease,
and human immunodeficiency virus (HIV+) or acquired immune deficiency syndrome
(AIDS). These co-existing conditions were identified through diagnoses or procedures in
Medicare claims made within 1 year prior to and 30 days after the date of cancer diagnosis
based on the NCI’s comorbidity coding program [14]. Each comorbid disease was weighted
according to its severity and the sum of all scores was analyzed as 0, 1, and = 2 [14].

Main outcomes—Main outcome variable was the incidence of ADRD. ADRD was
defined if there was a diagnosis (ICD-9 or ICD-10) for any specific type of dementias
(Supplementary Table 2). We used two approaches to define ADRD: 1) all diagnosis codes
(from the first diagnosis code to the 12th diagnosis code available in Medicare claims)
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and 2) primary diagnosis code only (i.e., first diagnosis code). ADRD was classified into
6 specific types of dementias: AD, vascular dementia, dementia with Lewy bodies (Lewy),
frontotemporal degeneration and dementias (FTD), mild cognitive impairment (MCI), and
other dementias that were not included in the previous 5 categories.

Analysis—Differences in the distribution of baseline characteristics among breast cancer
patients with CVD, stroke, hypertension, and diabetes were tested using the chi-square
statistics. Cumulative incidence of ADRD is defined as the ratio of the number of cases
with a new dementia over the number of population at risk who were free of dementia at

the baseline when a breast cancer diagnosis was made. Incidence density is defined as the
ratio of the number of cases with a new dementia over the total number of person-years by
taking into consideration the different follow-up times of study participants. Person-years
are calculated as the number of people multiplied by the number of years from the time of
breast cancer diagnosis to the date of first dementia, or date of death, or date of last follow-
up (December 31, 2016), whichever occurred first. Cox regression models were utilized

to perform the time to event analysis to determine the risk of developing dementia by
vascular diseases while adjusting for potential confounders. The proportionality assumption
was assessed by checking whether the log-log Kaplan-Meier curves were parallel and did
not intersect and also by adding an interaction term between exposures and time variables to
the Cox models [15, 16]. Fine and Gray competing risk proportional hazards regression was
performed accounting for death as a competing risk [16].

RESULTS

Table 1 presents the distribution of baseline characteristics by the status of CVD, stroke,
hypertension, and diabetes. Older women had a higher prevalence of CVD, stroke, and
hypertension, but diabetes status was more evenly distributed by age. For example, the
percentage of women who had CVD was 22.7% for age = 85 and 14.7% for age 65-69,
whereas the percentage of women who did not have CVD was 11.1%forage = 85and28.4%
for age 65-69. African American women and unmarried women appeared to have higher
percentages of these vascular diseases. Women with advanced tumor stage, largersize,
poorer grade, and hormone receptor negative tumors had a slightly higher prevalence of
vascular diseases. As expected, patients who received chemotherapy or radiation therapy
were less likely to have vascular diseases and those with higher comorbidity scores had a
high percentage of these vascular diseases. There were some variations by years of diagnosis
and by geographical areas in SEER.

Table 2 presents the cumulative incidence rates of AD, other specific types of dementias,
and overall combined ADRD in a large cohort of women who were diagnosed with breast
cancer and were free of ADRD at baseline (or at the time of cancer diagnosis) by the status
of CVD, stroke, hypertension, diabetes, age, and other factors. The cumulative incidence
of AD over the 26 years of follow-up varied from 10.7% to 13.6% by CVD, stroke,
hypertension, and diabetes (second column in Table 2), whereas the cumulative incidence
of AD as primary diagnosis only varied from 5.8% to 7.7% (in Supplementary Table 3).
The cumulative incidence of any ADRD combined (last column in Table 2) was higher in
those with CVD (40.75%) than those without CVD (31.32%), stroke (40.24%) than those
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without stroke (31.34%), hypertension (33.06%) than those without hypertension (30.47%),
and diabetes (33.38%) than those without diabetes (31.77%).

Table 3 presents the incidence density of ADRD by taking into consideration differential
follow-up times of women with breast cancer. The number of ADRD cases per 1,000
person-years were higher in those with CVD, stroke, hypertension, and diabetes than

their counterparts. Tables 2 and 3 also present the cumulative incidence and incidence
density rates of ADRD by age, race/ethnicity, tumor characteristics, comorbidity scores,
chemotherapy, radiation therapy, and SEER areas. For example, the cumulative incidence of
AD in women aged = 65 with breast cancer and with up to 26 years of follow-up increased
from 5.02% for age 65—69 to 9.42% forage70-74, 14.32% for age 75-79, and over 18% for
age = 80. The cumulative incidence of all ADRD increased from 17.67% for age 65-69 to
26.97% for age 70-74, 37.21% for age 75-79, and over 45% for age = 80.

Table 4 presents the time to event hazard regression analyses after adjusting for potential
confounders. Those with CVD (hazard ratio: 1.30, 95% CI: 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
higher risks of developing any ADRD combined (last column in Table 4). In terms of 6
specific types of dementias, CVD was associated with a significantly higher risk of AD,
vascular dementia, and other dementias, was associated with a significantly decreased risk
of MCI, but was not significantly associated with the risk of Lewy dementia and FTD.
Stroke was associated with a significantly increased risk of AD, vascular dementia, Lewy
dementia, MCI, and other dementias, but was not significantly associated with the risk

of FTD. Hypertension was associated with a significantly lower risk of AD and vascular
dementias and was not significantly associated with the risk of Lewy dementia and FTD
but was associated with a significantly higher risk of MCI and other dementias. Diabetes
was associated with a significantly higher risk of AD, Lewy dementia, MCI, and other
dementias, but was not significantly associated with vascular dementia and FTD.

The risk of AD, non-AD dementias, and any ADRD all increased significantly withage. For
example, the risk of AD was 1.94 (95% CI: 1.86-2.02) for age 70-74, 3.26 (3.13-3.40) for
age 75-79, 5.29 (5.07-5.52) for age 80-84, and 7.42 (7.08-7.78) for age = 85 as compared
to those aged 65-69. As compared to white women, black women with breast cancer had

a significantly higher risk of AD (1.21, 1.16-1.27) and any ADRD combined (1.16, 1.13-
1.19), whereas Asians/Pacific Islanders had a significantly lower risk of AD (0.77, 0.71-
0.83) and any ADRD combined (0.83, 0.79-0.86). Those unmarried women or those with
unknown marital status had a significantly higher risk of AD and ADRD than those married
women with breast cancer. The more advanced tumor stage, larger tumor size, poorer tumor
grade, and negative hormone receptor status appeared to be associated with a small but
significantly increased risk of AD and ADRD combined. Those who received chemotherapy
and radiation therapy had a lower risk of AD and ADRD. The higher comorbidity scores
were significantly associated with a higher risk of AD, MCI, other dementias, and ADRD
combined. There were also some geographic variations in the risk of AD and ADRD, in
which women from Connecticut, Detroit, Hawaii, and Kentucky had a significantly higher
risk of AD and ADRD, while women from lowa, Seattle, Utah, and Louisiana had a
significantly lower risk of AD and ADRD as compared to women from California.
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Table 5 presents the risk of different types of dementia in association with the number

of vascular diseases (CVD, stroke, hypertension, and diabetes), which were classified into
none of these diseases present or any 1, 2, 3, or 4 diseases present. As compared to

women without any of these 4 diseases, those with any 2 or more of these diseases were
significantly more likely to develop all types of dementias, including AD, vascular dementia,
and total ADRD. Women with only one of these diseases present did not have a significantly
increased risk of AD and vascular dementia but had a significantly higher risk of other types
of dementia and total ADRD. There appears to be a dose-response relationship between the
risk of ADRD and the number of vascular risk factors present. The point estimates for the
risk of ADRD increased with the number of vascular diseases present. For example, the risk
of ADRD increased from 1.14 (1.12-1.16) to 1.46 (1.43-1.49), 1.90 (1.84-1.96), and 2.47
(2.30-2.66) respectively for 1, 2, 3, and 4 vascular diseases present. Moreover, their 95%
confidence intervals did not overlap,

The incidence rates and the adjusted risk of AD, non-AD dementias and ADRD combined as
primary diagnosis only (Supplementary Tables 3-5) had the similar patterns by CVD, stroke,
hypertension, diabetes, and other sociodemographic and tumor characteristics as the above
results using any diagnosis code for ADRD. After taking into consideration death before
ADRD as a competing risk in the Fine and Gray regression models, the risk of ADRD and
other dementias were still significantly higher in women with CVD, stroke, hypertension,
and diabetes, while the risk of AD remained significantly higher in women with stroke

and significantly lower in women with hypertension, but the risk of AD was no longer
significantly different in women with CVD or diabetes from those without CVVD or diabetes.
The risk of AD and ADRD by age, race/ethnicity, and other tumor factors remained similar
without much changes. There were no significant interactions between chemotherapy and
any of these four diseases (CVD, stroke, hypertension, and diabetes) on the risk of ADRD.

MCI can be a preclinical or prodromal stage of ADRD. It can also improve and stabilize.

It is interesting and important to see the results on the risk of ADRD with and without
including MCI. Hence, sensitivities analyses were performed by excluding MCI from the
total ADRD. Supplementary Table 6 presents the 10-year and 26-year cumulative incidence
rates of AD and ADRD by including MCI versus excluding MCI. As expected, the 26-

year cumulative incidence of ADRD by excluding MCI (31.68%) was slightly lower than
the incidence of ADRD that included MCI (32.14%). The 10-year cumulative incidence
rate in women with breast cancer was 9.79% for AD, 27.88% for ADRD excluding

MCI, and 28.31% for ADRD including MCI. The 10-year cumulative incidence rate of
ADRD excluding MCI was higher in those with CVD than those without (38.71% versus
26.84%), and was the same for stroke (38.83% versus 26.79%), hypertension (29.84%
versus 24.32%), and diabetes (31.11% versus 26.90%). The 10-year and 26-year cumulative
incidence rates of AD and ADRD increased significantly with age and varied by other
factors, which were similar to those found in Tables 2 and 3 above. Overall, excluding MCI
did not materially change the study conclusions regarding the effects of vascular risk factors
on the risk of ADRD in breast cancer survivors.

Supplementary Table 7 presents the adjusted 10-year and 26-year risk of AD and ADRD by
including or excluding MCI. The 10-year and 26-year risk of both AD and ADRD regardless
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of including or excluding MCI was significantly higher in those with CVD, stroke, and
diabetes than those without a history of these diseases, after adjusting for other confounding
factors. For example, the 10-year risk of AD (1.32, 1.26-1.37), ADRD including MCI (1.51,
1.47-1.54), and ADRD excluding MCI (1.50, 1.47-1.54) was significantly higher in those
with stroke than in those without stroke. Similarly, the 26-year risk of AD (1.32, 1.27-1.37),
ADRD including MCI (1.50, 1.47-1.54), and ADRD excluding MCI (1.50, 1.47-1.53)

was significantly higher in those with stroke than in those without stroke. Patients with
hypertension had a significantly higher 10-year risk of total ADRD including MCI (1.07,
1.05-1.09) and ADRD excluding MCI (1.07, 1.05-1.08) and had a significantly higher
26-year risk of total ADRD including MCI (1.08, 1.06-1.09) and ADRD excluding MCI
(1.07, 1.06-1.08) than those without hypertension. The 10-year risk (0.93, 0.91-0.96) and
26-year risk (0.96,0.93-0.98) of AD were slightly but significantly lower in those with
hypertension than those without hypertension (Supplementary Table 7).

Supplementary Table 8 presents the risk of AD, other specific types of dementias, and

total ADRD in association with different types of CVD (myocardial infarction, congestive
heart failure, and peripheral vascular disease), stroke, hypertension, and diabetes in an entire
cohort of women, and in stratified cohorts by age group (< 75 and = 75 years). Myocardial
infarction was not significantly associated with the risk of AD, vascular dementia, dementia
with Lewy bodies, FTD, and MCI, but was associated with a significantly higher risk

of other dementias and total ADRD. Congestive heart failure and peripheral vascular
disease were significantly associated with an increased risk of AD, vascular dementia,

other dementias and total ADRD; were associated with a significantly lower risk of MCI,
but were not significantly associated with the risk of dementia with Lewy bodies and

FTD. Furthermore, interactions between age (< 75 and = 75 years) and vascular diseases
(myocardial infarction, stroke, hypertension, and diabetes) on the risk of AD, vascular
dementia, and total ADRD were statistically significant (p<0.05). Interactions between age
(<75 and = 75 years) and congestive heart failure or peripheral vascular disease were
significant only for the risk of total ADRD but not significant for the risk of AD and
vascular dementia.

In stratified analyses by age, myocardial infarction was significantly associated with

an increased risk of AD (1.25, 1.10-1.43), vascular dementia (1.27, 1.00-1.62), other
dementias (1.23, 1.14-1.32), and total ADRD (1.22, 1.14-1.31) in women aged < 75 years.
In contrast, the association between myocardial infarction and the risk of different types of
dementias and total ADRD in those aged 75 or older was similar to that of the entire cohort
of women. Stroke was associated with a significantly higher risk of all types of dementias
in both young (< 75 years) and older women (= 75 years). Hypertension, however, was
associated with a significantly higher risk of AD and vascular dementia in women < 75
years but was associated with a significantly decreased risk of AD and vascular dementia in
older women aged = 75 years. Hypertension was associated with a significantly higher risk
of MCI, other dementias and total ADRD, but was not associated with the risk of ementia
with Lewy bodies and FTD in both age groups. Diabetes, on the other hand, was associated
with a significantly higher risk of all types of dementias in both young(< 75 years) and older
women (= 75 years), but there was no significant association between diabetes and the risk
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of FTD inwomen aged < 75years and the risk of vascular dementia in women aged = 75
years.

DISCUSSION

This study examined the long-term risk of AD, specific types of non-AD dementias, and

all ADRD combined in association with CVD, stroke, hypertension, and diabetes in a

large cohort of women diagnosed with breast cancer. The study found that CVD, stroke,
hypertension, and diabetes were associated with a significantly higher risk of developing
any ADRD combined. However, the risk of 6 specific types of dementias differed by CVD,
stroke, hypertension, and diabetes. The CVD, stroke, and diabetes were associated with a
significantly higher risk of AD, whereas hypertension was associated with a significantly
lower risk of AD in this large cohort of older women aged = 75 years. As expected, the risk
of AD, non-AD dementias, and any ADRD allincreased significantly with age. Women aged
70-74, 75-79, 80-84, and = 85 had 2-, 3-, 5-, and 7-fold higher risks of AD, respectively, as
compared to those women aged 65-69 year.

The Framingham Heart Study [1, 7] reported that the estimated lifetime risk of any ADRD
and only AD at age 65 was 24.6% and 21.1% for women, and 15.5% and 11.6% for men.
Our study shows that the risk of any ADRD over 26 years of follow-up in older women
with breast cancer at age = 65 was 31.79% and the risk of only AD was 11.77%. The

risk of ADRD in women with breast cancer at age = 65 was higher than the lifetime risk
for ADRD in Framingham women at age 65, but the risk of only AD in women with

breast cancer at age = 65 was lower than the lifetime risk for AD in women at age 65

from Framingham study [1, 7]. However, these comparisons might not be ideal between
the Framingham community-based general population [7] and the current cohort of women
who were diagnosed with breast cancer in SEER areas, but the information is critical for
the estimated risk of ADRD and AD and should stimulate further investigations to see
whether or why there is a gap among different populations. Several studies showed an
inverse relationship between cancer and AD [17-19] or ADRD [20] and that the risk of AD
dementia in persons with cancer could be reduced by 35% [18]. A recent systematic review
and meta-analysis of 19 cohort studies and 3 case-control studies concluded that there was
an inverse association between cancer and AD dementia, which was not likely attributable
to diagnostic bias, competing risk bias, or inappropriate control for potential confounding
factors [19].

Many previous studies also showed that the risk of ADRD was higher in those with vascular
diseases. For example, patients with heart failure performed worse in neuropsychological
testing than those healthy individuals and those with CVD, stroke, and hypertension also
had a higher risk of dementia [8-11], whereas diabetes was shown to directly or indirectly
affect the risk of ADRD as it is major risk factor for CVD, stroke, and hypertension.
Numerous studies have documented that good management of cardiovascular risk factors
(such as diabetes, obesity, smoking, and hypertension) is associated with the reduced risk of
cognitive decline and may be associated with the reduced risk of dementia [8-11, 21, 22].
Interestingly, our study showed that hypertension in older women with breast cancer was
associated with a significantly lower rather than higher risk of AD. It is unclear if this was
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due to breast cancer as discussed above for the association between cancer and ADRD, or
due to older age in this cohort. The association between hypertension and ADRD became
more complicated in mid-age versus older population. Many studies explored the complex
relationship between hypertension and ADRD [23-25] and some found that hypertension

at midlife is a risk factor for ADRD but hypertension at late life may have no effect or a
weak protective effect for ADRD [23-25]. A number of studies, including a meta-analysis of
longitudinal studies, showed that mid-life hypertension rather than late-life hypertension was
a risk factor for AD [23-25]. Similarly, a comprehensive review concluded that the evidence
on the association between treatment of hypertension in the elderly and the risk of dementia
was inconclusive [26]. Although a recent large trial showed that intensive blood pressure
control may be associated with a reduced risk of MCI [27], it is still unclear whether the

risk of late stage of dementias such as AD will be decreased significantly. Our current study
cannot answer this question directly, but it certainly raises an important research question for
future research endeavor.

This study has a number of strengths. First, the study examined a large nationwide,
population-based cohort of women with breast cancer aged = 65 from the SEER areas,
accounting for 26% of the U.S. population. Because ADRD takes a long time to develop, is
relatively rare in young population, and is uncommon at the early stage of study follow-up,
a very large study population is often required in order to generate meaningful information
on the true incidence of ADRD and on potential risk factors associated with it. This large
cohort of women, diagnosed with breast cancer in 1991-2015, has been followed up for

up to 26 years, making this study unique and significant. Second, this study used the
national comprehensive insurance program (Medicare) claims data to capture the incidence
of AD and ADRD. Medicare is a federal health insurance program created in 1965 covering
people aged = 65, regardless of income, medical history, or health status. Medicare data
are the lifelong medical records for these beneficiaries from the time of enrollment to the
time of death regardless of where they seek medical care or services across the country,
hence providing the most comprehensive lifetime history of medical records. Third, a large
cohort of women with breast cancer were identified from the most authoritative cancer data
source in NCI’s SEER program. SEER not only has a high complete case ascertainment
rate, but also has high-quality information on tumor characteristics such as stage, size,

and grade. Fourth, vascular diseases and comorbid conditions in women with breast cancer
can be identified reliably from Medicare claims data which have been well validated for
comorbidities in cancer patients [28-30].

This study also has a few limitations. First, because information on the history of CVD,
stroke, hypertension, and diabetes relied on Medicare claims at baseline when breast

cancer diagnosis was made, completeness and duration of these conditions as well as

their treatment and control overtime are unknown, which could potentially affect the risk

of ADRD. Second, although several studies [28-30] showed that Medicare claims data
generally suggest a sensitivity of about 85% for overall dementia, there could be a certain
degree of misclassification. It is possible that ADRD may be overestimated and AD only
may be underestimated or misclassified in using Medicare claims data, which might explain
the higher risk of ADRD and lower risk of AD only in our study cohort of women with
breast cancer than the lifetime risk for ADRD and AD only in women from Framingham
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[1, 7]. Third, the study population only included elderly women with breast cancer aged =
65. Therefore, the findings from this study may not be generalizable to younger patients.
However, most ADRDs, hypertension, diabetes, and cancer occur in older persons (= 65
years), so the findings will still be generalizable to a larger population. Finally, the study
cannot capture all relevant variables and there is a lack of information on factors such as
smoking or family history, which might affect the risk of ADRD.

In conclusion, the study found that in a large cohort of women diagnosed with breast cancer
at age = 65 with up to 26 years of follow-up from 1991 to 2016, the overall patterns on the
risk of ADRD and its association with vascular diseases and socio-demographic factors are
consistent with the findings of previous studies, although the magnitude varied by the types
of risk factors and types of ADRD. CVD, stroke, hypertension, and diabetes were associated
with a significantly higher risk of developing any ADRD combined. The risk of 6 specific
types of dementias differed by CVD, stroke, hypertension, and diabetes. CVD, stroke, and
diabetes were associated with a significantly higher risk of AD, whereas hypertension was
associated with a significantly lower risk of AD in those aged = 75 years. The risk of
ADRD significantly increased with age, was higher in unmarried women, and varied by
race/ethnicity with a higher risk in black women and a lower risk in Asians/Pacific Islanders
as compared to white women. Further studies may be needed to explore the effect of breast
cancer on the risk of ADRD in a cohort of cancer patients when comparing it with women
with similar background risk, but without breast cancer, and to examine whether and how
the treatment for vascular diseases affect the risk of AD and non-AD dementias.
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Refer to Web version on PubMed Central for supplementary material.
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Number of women diagnosed with breast cancer in 1991-2015 in
SEER-Medicare dataset (n=332,532)

Excluding those who were not eligible duo to no
Parts A and B or with HMO (n=71,229)

Subjects with Medicare Parts A and B, without HMO
(n=261,303)

Excluding those with death date prior to cancer
diagnosis date or who died within 30 days of
cancer diagnosis (n=8,807)

Subjects who survived beyond the 30
days of cancer diagnosis (n=252,496)

Excluding those with any dementias (ADRD) within 365 days
prior to or within 30 days of cancer diagnosis (n=5,741)

Subjects who were free of outcomes
(ADRD) at the baseline (n=246,755)

Excluding those with death date error that
occurred prior to incident ADRD date (n=69)

Subjects in the final analysis
(n=246,686)

Fig. 1.
Flowchart of study participants included and excluded.

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 19.

Page 13



Page 14

Du et al.

(zee)o18'c9 (1) 088'LT (v'eg)ooc'ez  (c2€) 96€'TS  (6ze)eee'eL  (voe) €99 (Tee) Tev'v.  (1'62) GL2'9 >

(8T2)0se'ty  (06T)€88°0T (GTe)€z8'8T  (0T2) OTv'ee  (P'T2)Geo'sy  (L8T)8yT'v  (8'T2) 900'6r  (647) Lez'e >
(w9) az1s Jown).

(e'g) TIT'0T ('9) vS0'e (6'9) TET'S (T'9) veo's (z'9) z69'TT (9°9) eLv'1 (T°9) 6EV'TT (08) 922'1 Buissin/umousun

(6'v) 08T'6 (1'9) 516'C (5'9) 908'y (o) 682°L (8') ¥€8'0T (L9 t9z't (L'v) T95'0T (T'2) ves't Al

(6'9) 620°E€T (r'8) T€8'Y (8'9) G66'G (§2) s18'1T (T°2) 266'ST (5'8) 818'T (1°2) 168'ST (z6)6L6'T n
(22)6¥T'2s  (7'62) T98'9T (8'22) 06€'vc  (T'82) 029'vv  (082) 62829  (8'22) 18T'9  (9°22) L1129  (6'T€) €68'9 1

(q6) 858701 (8'76) 889'6c  (0'vS) €6E'Ly  (8'¥S) €5T'28  (6'%8) L0T'€eT  (G'TS) 6EV'TT  (9'GS) €80'SZT  (8°EV) €9v'6 | pue o
abeys Jownl JOrY
(8'v) 260'6 ('9) ¥90'e (8v) T2’y (0'9) 6162 (6'7) TVO'TT (7'9) GTT'T (6'7) TVO'TT (zg)arr't umouxun
(e'05) 8zz's6  (5'56) 628'1e  (8'27) 268'Ty  (9'€G) G9T'G8  (L'0G) TL2'€TT  (€'65) 98L'€T  (€08) TLZ'E€TT  (8'€9) 98L'ET paLuewun
(6vv) L10's58  (z6€) 9Sv'ee  (riv)2ss'ty  (STv) 168's9  (v'vv) 622°00T  (€°5€) ¥69'9  (8'%v) 622'00T  (0'TE) ¥69'9 paLeN
sniels [ellen
(8'7) 05€'e (T2 cze't (z'2) 9z6't (2'1) 9¥9'e (6'7) €62y (e'1) 6.2 (8T)TTT'Y (T2) 19v SIUI0
(r'e) 657'9 (8'5) s6z'e (7'e) 8v6'c (') 908'9 (0%) 0z6'8 (8¢) ve8 (Tv) 812'6 (5°2) 95 SIapue|s| d1y10ed/suelsy
(T9) T16'TT  (rer) 269’2 (9'7) 866'E (9'6) 0TZ'ST (9 9ve'or  (zoT)29z'z (g ez8'or  (0'TT) S8E'C $oe|g
(2'88) £70'89T  (2'82) seT'sy  (6'68) €¥8'8L  (S'¥8) 6OE'WET  (9'98) G62'v6T  (8'%8) £LG8'8T  (9'98) 6€6'76T  (E'¥8) £TZ'ST SOUUM
\ﬁ_o_:sum\momw_
wenevw's  (@T1)86v'TC  (96)6VY's  (SET)S6V'Te  (9TT)L92'Ge  (88T) LT (TTT)evo'se  (L22) 106y Japjo 10 68
(6'vT) 8€5'0T  (8'ST)¥92'9c  (0'2T) 8€S'0T  (89T)¥9L'9c  (9¥T)9s9'ce  (6°02) 9v9'v  (9vT) 1€8'2E  (L'02) TLv'y ¥8-08
(s0o)ees'or  (zze) L60'se  (8'8T)€2'or  (T'ze) L60'sE  (8'02) 89S'9y  (Lgg)eso's  (802) viL'oy  (L'22) 906'y 6.-GL
(eve) voz'ez  (9s2)60v'8e  (v'Se) v9g'ez  (cve) 6ov'se  (6%2) 606'SS  (V'T2) v9L'v  (T'G2) 026'9S  (2'6T) €ST'Y v.-0L
(8L2)ve'6z  (zso)ooz'ie  (Tve)Tve'er  (beg)9oz'ie (€82 vSS5'€9  (zoT)e6s'e  (#'82) €86'c9  (L'4T) v9T'e 69-G9
(A) abv
(rT1'59) 72 (sot'so) v.  (80T1'99) 2L (¥11'59) 62 (801'59) ¥72 (¥11'59) 22 (¥11'59) v.L (€01'59) 82 (abBues) abe uelpsiN
ON SOA ON SOA ON SOA ON SOA
sopqeld uosua1edAH 0IS SISeasIp Je|ndsenoip ied SOI3S1U910R ey Jowin] pue juaired

SePgeIp pue ‘uoisusledAy B3041s ‘(QAD) SesessIp Jendsenolp fed AqQ (95 UwNn|od) Sased Jo JBquinN

GT0Z-T66T Ul sa1aqgelp
pue ‘uoisusiiadAy ‘ax0as ‘saseasip Je|naseAolpled Jo AI0ISIY e AQ Jaoued 1sealq YlIM pasoulbelp uswom Ul sa1siialorieyd Jownl pue jusied Jo uostiedwo)

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 19.



Page 15

Du et al.

(rea)ets'ey  (862)620'LT (91T)Sev'sT  (982) 29e'sy  (v'€2) €19'cS  (8'9¢) 6418 (2'G2) 922'9S  (8'8T) 990'%
(6'6T) 885'2e  (2'6T)€00'TT (8'8T)8SY'9T  (Z'02) €€T'ee  (€°02)89s'sy  (9€T)ezo'c  (S6T)66L'cr  (2720) 26L'%
(Tim)vsr'ee  (@TU)v6E'9  (€02)662°LT  (2€T)6¥0'TC  (G9T)€86'9€  (¥'8)S98'T  (z'SsT)622'%e  (¥'12) 619'%
(5'8) ¥20'9T (9v) 1€9'c  (9'TT) L¥T'OT ('S) 805'8 (6°2) 6¥L'LT (T'%) 906 ('2) 819'9T (7'6) L€0'C
(2'8) 695'ST (ev)esr'z  (0'2T) 80S'0T (8% v¥S'L (L°2)98T'LT (6'€) 998 (T°2) T76'ST (8'6) TTT'Z
(6°2) 8ev's (e8)elLl'y (L7) L9v'T (§9)evL's (7€) ¥19'L (L'TT) 9652 ('€) G26'L (z'21) Se9'c
(e21) 61228 (L€)2r9'eT  (S2T)€00'TT  (eze)sse'se  (6°21)See'or  (2'22)99T'9  (L21)Sze'6e  (6'62) 9979
(8'62) 02T'TST  (6°29) G96'8€  (8'G8) G¥z's. (2'2) Ov8'¥TT  (£'82) GT9'9LT  (9°09) OLv'€T  (6'82) T6G°2LT  (6°28) ¥6v'2T
(Log)ove'se  (59¥) 029'9z  (2'19) Tve'sy  (9°8Y)692'2L  (S0S) €vv'eTT  (2Th) L9T'6  (T'TS) 296'vTT  (#'SE) 8¥9'L
(e'6v) L6e'e6  (5€5)629'0€  (€8¥) vi€'eyr  (#'1S)20L'T8  (S6%) TTO'TTT  (8'85) G90'€T  (6'8%) 62T°0TT  (9'%9) L¥6'ET
(e21) 5692 (0LT)95.'6  (€8T)€50'9T  (991)86'¢9z  (9°21)SvS'6e  (T'€T)906'c  (G21)88e'6€  (E'T) €60'€
(L'28) 2v9'9ST  (0'e8) €6G°Ly  (L'T8) 299'T.  (#'€8) €4G'2€T  (#'28) 606'V8T  (698) 92€'6T  (G28) €€2'G8T  (1°G8) 20G'8T
(ger)eor'ez (eoT)TL2'9  (TvT)ese'zt  (TTT)v8'sLT  (zer)vee'sz  (9TT) 6.8  (LTT) 16292 (T'LT)289'c
(8zr)9sz've  (oem)osy's  (62T)zee'tt  (82T)vee'oc  (8em)ewl'sz  (€€T)v96'z  (82r)G/8'8z  (T'ET) 1€8°C
(vl eyt (T°92)829'er  (0'€2) #00'v9  (1°92) €00'T2T  (0'GZ) 8T€'89T  (T'G2) 689'9T  (§'GZ) G26'69T  (8'69) 280'ST
(Sen)veo'ec (Tr)TEL'9  (LeT)ezo'et  (STT)zee'sTt  (eer)8sssz (92r)l6.T7  (6TT)es8'9z  (291) €05'E
('92) 690°05  (282) esy'oT  (2'92) o6e'cc  (T'22)zeT'ey  (6'92) 9G¥'09  (€22)990'9  (8'92) Tev'09  (€£'82) TOT'9
(Lee)seT's.  (yop)est'er (8'88)9z0've  (rov) s6z'v9  (6'6€)8.¥'68  (8'6E)€v8'8  (T'Ov)802'06  (9'L€) €TT'8
(r'1e)90s‘'or  (2'6T)286'0T  (8°02) 9.2'8T  (6°02) zTz'ee  (6°02) 2969y  (v'02) 926  (2T2) 0192y (0°8T) 8/8'€
(1°8) ZOv'ST (5'8) L¥8'y (g8)eLr'L (08)9sL2T (1'8) ¥02Z'8T (z'6) S0 (0'8) 650'8T (T°01) 06T'C
(revevsee  (wyD)rez's (921 920'Tt  (TeD) vvl'oc (Ler)isv'sz (8¥T)esz'e  (Ger)e6l'sz  (9°91) L.G°€
(9°2) eze'vt (6'8) SOT'S (§°2) v18'9 (1'8) ¥S8'2T (82)Gev'LT (0'6) €002 (L) eseLt (Tot) 9LT'C
(691) 06'te  (2'8T) LOV'OT  (99T)6TS'vT  (S21)T6L'22  (T'2T)0ze'se  (081)066'c  (0°2T)09T'8e  (2'6T) OST'¥
ON SOA ON SOA ON SOA ON SOA
sepgeld uoisuellRdAH ENITS SaSessIp Je|ndsenoip e

SolgeIp pue ‘uosusledAY B)011s (QAD) SesessIp Jejndsenolp sed Ag (9, UWn|od) SSSed Jo JBquinN

T1102-800¢
£002-¥00¢
€002-000¢
666T-966T
S66T—C66T
sisoubeiq Jo JeaA
<
T
0
$3109S ANpIgJoWwoD
SOA
ON
(w gt >) Adeisyioipey
SOA
ON
(wgT>) Adesayrowayd
umouxun
anebaN
8AISOd
snyels 101dadal suowIoH
Buissin/umounun
payenualayp-Ajiood
payenualayip-A|ayesapo
parenuaIalIp-|1aM
apesb Jown)
Buissin
vz
>-€
€>—¢

Solisleioe ey Jownl pue jusird

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 May 19.

J Alzheimers Dis. Author manuscript



Page 16

Du et al.

1€€'68T 6Y€'2S GT.'/8 1.6'8ST vav'vee €T’ 160'Gee S65'TC
(82e) 6v0'c9  (€'62)908'9T  (5'ge) 15T'Te  (00E) vOL'Ly  (Tee)vio'z.  (G0e)T18L'9  (€28) Tel'e.  (v'82) vET'9
(ozt)esl'ee (991)v0s'6  (96)9sv's  (0sT)1es'ec  (Lem)vev'8e  (T°21) €6L'€ (€T) TLT'62 (ry1) 9TT'E
(05) ovv'e (s9)gTL'e (8€) s6z'e (c9) 098'6 (T°6) TeS'TT (L) ve9'T (¢'5) €08'TT (e9) zse'T
(8'9) 5e6'0T (6'9) L96'€ (Sv) Ly6'e (6'9) G56'0T (0'9) LLv'€T (7'9) Gev'T (6'9) LL€'ET (T'2) Ges't
(5'8) 260'9T (8'6) GT9'G (T'2) ooz'e (8'6) 21S'ST (2'8) 205'6T (6'6) G022 (6'8) 02102 (1) 2651
(6'2) 86€'S (c2) 29zt (5€) z60'e (c2) os'e (82) eze'g (51) Le€ (2°2) 680'9 (92) 125
(T'2) 9.€'€T (L'v) 699'C (9'8) ¥15'L (') 1€5'8 (2'9) 666'7T (L'v) 9v0'T (99) 268'vT (e'9) €ST'T
(9'2) 596'7 (6'7) 680'T (Te) vrl'e (T2 ote'e (52) v99's (8'T) 06 (52) 285'S (2 ety
(CARZAN 41 (8'5) see'e (e8) v5e'L (¥9) Grz'ot (e'2) zse'or (c9) 't (T2) 2L6'sT (T0) LesT
(e'T) 0es'e (S'T) 658 (€T) GoT'T (1) vie'e 1) 11T (¢1) 29¢ (r'17) v8T'E (6'0) G6T
(1) elg'eT (9'8) 816 (z1) ese's (92)6eT'2T (1) €€9'9T (¥'8) 858'T (zy&r'or  (L0T)91E'C
(') L20'vT (€9) 029'e (52) a¥s'e (02) zot'tT (e'2) e62'9T (T9) vse'T (T°2) 500'9T (90 zv9'T
(ced)ese'ey  (0T€)6GL'LT (8'6T)8L€'LT  (6L2) 08wy  (Tvz)sse'vs  (eeg)ese’'l  (1'S2)8LL'.S  (v'8T)0L6'E
ON SOA ON SOA ON SOA ON SOA
sepgeld uoisuellRdAH ENITS SaSessIp Je|ndsenoip e

SolgeIp pue ‘uosusledAY B)011s (QAD) SesessIp Jejndsenolp sed Ag (9, UWn|od) SSSed Jo JBquinN

[ejoL

elulojled
Aosiar MaN
BUBISINOT
Momusy
e1b1099
yein

a|neas
021X\ MaN
emo|
llemeH
Hons@
IN21398UU0D

Sealy 433S

L10¢—¢10¢C

Solisleioe ey Jownl pue jusird

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2022 May 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Du et al. Page 17

Table 2

Cumulative incidence of ADRD by a history of CVD, stroke, hypertension, and diabetes in women with breast
cancer with up to 26 years of follow-up from 1991 to 2016

Cumulative incidence (row %) of ADRD

Characteristics AD Vascular Lewy FTD MCI Others Total

Cardiovascular disease

No 11.59 4.47 0.79 024 243 29.24  31.32

Yes 13.60 6.23 0.66 0.13 1.83 38.07  40.75
Stroke

No 11.67 4.35 0.77 023 230 2928 31.34

Yes 12.83 7.38 0.87 020 3.18 3741  40.24

Hypertension

No 12.25 4.36 0.81 024 222 2843 3047

Yes 11.50 4.76 0.76 0.22 246 30.88  33.06
Diabetes

No 12.10 4,53 0.81 023 238 29.68  31.77

Yes 10.69 4.90 0.76 021 237 3111 33.38

Age (years)

65-69 5.02 2.14 047 020 1.68 16.18  17.67
70-74 9.42 3.74 079 024 238 2504 2697
75-79 14.32 5.66 099 028 295 3483 37.21
80-84 18.63 7.13 1.09 026 296 4283 4550
85 or older 18.73 7.04 069 015 222 4674 49.69

Race/ethnicity

Whites 11.79 4.53 0.79 024 245 30.06 3217
Blacks 12.54 5.86 0.65 016 194 31.39  33.65
Asians/Pacific Islanders 8.02 3.35 056 015 171 2296 25.14
Others 15.66 6.36 0.98 022 2.08 37.01  39.30

Marital status

Married 9.76 3.59 0.77 022 235 2494  26.87

Unmarried 13.48 551 0.78 023 241 3433 36.64

Unknown 11.75 4.47 0.78 025 220 29.67 3175
AJCC Tumor stage

Oorl 11.87 4.59 0.84 025 275 2919 3134

1 12.85 5.29 080 024 229 3248 34.68
11 9.35 3.46 060 015 155 2820 3011
v 4.32 1.61 019 0.04 0.65 19.76  21.10
Unknown/Missing 15.21 5.77 085 022 178 3739 3991

Tumor size (cm)

<1 11.26 4.39 086 025 284 2787 30.06
1-<2 12.61 4.90 083 026 2.68 31.03  33.16
2-<3 12.32 5.13 080 022 222 3149  33.73
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Characteristics
3-<4
>4
Missing
Tumor grade

Well-differentiated

Cumulative incidence (row %) of ADRD

AD

12.11
10.08
10.90

12.14

Moderately-differentiated ~ 11.71

Poorly-differentiated
Unknown/Missing
Hormone receptor status
Positive
Negative
Unknown
Chemotherapy
No
Yes
Radiotherapy
No
Yes
Comorbidity Scores
0
1
22
SEER Areas
Connecticut
Detroit
Hawaii
lowa
New Mexico
Seattle
Utah
Georgia
Kentucky
Louisiana
New Jersey
California

Total

10.69
13.68

11.42
10.12
15.69

12.48
8.36

13.42
10.10

12.29
10.12
9.55

14.83
17.78
12.70
11.97
11.12
9.63

9.61

10.20
12.18
10.64
11.75
10.81
11.77

Vascular
4.48
4.02
4.09

4.69
4.56
4.25
5.48

4.49
391
6.15

4.91
3.25

5.28
3.96

473
4.15
4.79

9.55
7.55
7.04
3.88Lulu
3.85
4.13
3.62
3.28
3.76
3.22
4.76
3.84
4.62

Lewy
0.73
0.58
0.66

091
0.78
0.69
0.72

0.78
0.66
0.86

0.82
0.55

0.82
0.74

0.81
0.67
0.60

0.78
0.86
0.56
0.73
0.89
0.50
0.60
0.71
0.87
0.69
0.81
0.84
0.78

FTD
0.18
0.17
0.18

0.26
0.24
0.20
0.18

0.24
0.19
0.22

0.23
0.21

0.22
0.24

0.24
0.20
0.19

0.32
0.24
0.12
0.22
0.21
0.17
0.12
0.20
0.24
0.17
0.27
0.23
0.23

MCI
1.81
1.76
1.83

2.88
2.43
211
1.91

2.47
2.13
2.05

2.43
2.13

2.17
2.59

2.37
2.47
2.02

2.56
2.04
2.93
1.83
1.95
1.65
1.65
1.88
1.55
177
2.60
3.05
2.38

Others
32.12
28.43
28.86

30.15
29.58
28.78
33.86

29.25
27.32
37.57

31.00
25.25

33.76
26.22

29.94
29.75
32.61

35.63
38.91
31.58
32.57
32.11
24.49
27.82
24.86
32.20
26.55
28.60
29.35
30.01

Total
34.13
30.44
30.89

32.22
3171
30.91
36.12

31.36
29.28
40.01

33.20
27.05

36.05
28.18

32.04
31.90
35.10

38.18
41.16
34.18
34.13
33.63
26.63
29.65
26.85
33.47
28.53
31.04
31.62
32.14

Page 18

ADRD, Alzheimer’s disease and related dementias; AD, Alzheimer’s disease; Vascular, vascular dementia; Lewy, dementia with Lewy bodies;

FTD, frontotemporal degeneration and dementias; MCI, mild cognitive impairment; others, other dementias; total, any of above ADR).
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Table 3

Incidence density of ADRD by a history of CVD, stroke, hypertension, and diabetes in women with breast
cancer with up to 26 years of follow-up from 1991 to 2016

Incidence density of ADRD (number of ADRD cases per 1,000 per son-years)

Characteristics AD Vascular Lewy FTD MCI Others Total

Cardiovascular disease

No 18.13 6.98 1.23 0.37 3.80 45.72 48.97

Yes 30.83 14.12 1.50 0.30 4.16 86.33 92.41
Stroke

No 18.19 6.78 1.20 0.36 3.58 45.66 48.87

Yes 29.88 17.18 2.03 0.47 7.41 87.13 93.74

Hypertension

No 17.07 6.08 1.13 0.33 3.09 39.62 42.46

Yes 20.20 8.36 1.33 0.39 4.33 54.23 58.06
Diabetes

No 18.38 6.89 1.21 0.36 3.62 45.09 48.26

Yes 21.25 9.74 1.43 0.41 4.70 61.84 66.34

Age (years)

65-69 6.93 2.96 0.65 0.27 2.32 22.35 24.41
70-74 13.57 5.38 1.13 0.34 3.42 36.05 38.83
75-79 22.63 8.94 1.56 0.44 4.66 55.12 58.8

80-84 36.05 13.81 211 0.51 5.73 82.90 88.08
85 or older 52.01 19.55 1.92 0.42 6.17 129.80 137.99

Race/ethnicity

Whites 18.74 7.2 1.26 0.38 3.90 47.78 51.14
Blacks 24.20 11.3 1.26 0.30 3.74 60.57 64.94
Asians/Pacific Islanders 13.35 5.58 0.94 0.26 2.85 38.25 41.87
Others 20.04 8.15 1.26 0.28 2.66 47.36 50.3

Marital status

Married 14.09 5.18 1.12 0.32 3.40 36.02 38.81
Unmarried 23.59 9.64 1.37 0.41 4.22 60.10 64.14
Unknown 22.06 8.39 1.47 0.46 4.12 55.71 59.62
AJCC Tumor stage
Oand | 17.17 6.63 1.21 0.36 3.97 4221 45.34
1] 20.50 8.45 1.27 0.38 3.65 51.81 55.32
11 21.07 7.8 1.35 0.34 3.50 63.60 67.89
v 19.96 7.44 0.88 0.19 3.01 91.21 97.39
Unknown/Missing 30.13 11.43 1.68 0.44 3.52 74.06 79.04

Tumor size (cm)

<1 15.90 6.2 1.21 0.36 4.01 39.36 42.46
1-<2 18.10 7.03 1.19 0.37 3.85 44.54 47.6
2-<3 20.00 8.33 1.30 0.36 3.60 51.11 54.75
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Characteristics
3-<4
>4
Missing
Tumor grade

Well-differentiated

Incidence density of ADRD (number of ADRD cases per 1,000 per son-years)

AD
23.19
22.72
22.18

18.10

Moderately-differentiated 18.46

Poorly-differentiated
Unknown/Missing
Hormone receptor status
Positive
Negative
Unknown
Chemotherapy
No
Yes
Radiotherapy
No
Yes
Comorbidity Scores
0
1
22
SEER Areas
Connecticut
Detroit
Hawaii
lowa
New Mexico
Seattle
Utah
Georgia
Kentucky
Louisiana
New Jersey
California

Total

18.55
22.79

18.18
17.98
24.20

20.35
12.57

24.23
14.61

18.53
19.94
25.35

21.80
26.06
17.50
16.72
16.58
14.07
14.26
19.08
21.57
19.58
20.80
17.42
18.92

Vascular
8.58
9.06
8.32

7.2
7.38
9.12

7.16
6.95
9.48

4.88

9.53
5.72

7.13
8.17
12.72

14.04
11.07
9.71
5.42
5.74
6.04
5.37
6.13
6.67
5.93
8.43
6.18
7.43

Lewy
1.39
1.31
1.35

1.35
1.23
1.20
1.21

1.25
1.18
1.33

1.34
0.83

1.47
1.07

1.23
1.32
1.59

1.14
1.26
0.78
1.02
1.33
0.73
0.89
1.33
1.53
1.27
1.43
1.36
1.25

FTD
0.34
0.39
0.36

0.38
0.38
0.35
0.31

0.38
0.34
0.34

0.38
0.32

0.39
0.35

0.36
0.40
0.49

0.47
0.35
0.16
0.31
0.32
0.25
0.18
0.38
0.43
0.32
0.48
0.37
0.37

MCI
3.46
3.96
3.72

4.30
3.84
3.66
3.19

3.94
3.78
3.15

3.96
3.20

391
3.74

3.58
4.88
5.36

3.76
2.99
4.04
2.56
291
241
2.45
3.52
2.74
3.26
461
4.92
3.82

Others
61.51
64.04
58.72

44.94
46.64
49.95
56.38

46.57
48.51
57.95

50.56
37.96

60.96
37.93

45.13
58.64
86.57

52.37
57.03
43.53
45.51
47.89
35.78
41.29
46.49
57.01
48.84
50.60
47.30
48.24

Total
65.35
68.57
62.86

48.03
49.99
53.64
60.14

49.93
51.99
61.71

54.15
40.65

65.1
40.77

48.3
62.88
93.2

56.12
60.33
47.12
41.7
50.15
38.91
44.01
50.21
59.26
52.49
54.93
50.97
51.66
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ADRD, Alzheimer’s disease and related dementias; AD, Alzheimer’s disease; Vascular, vascular dementia; Lewy, dementia with Lewy bodies;

FTD, frontotemporal degeneration and dementias; MCI, mild cognitive impairment; others, other dementias; total, any of above ADRD.
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