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Abstract

Background: The Framingham Heart Study Dementia Risk Score (FDRS) was developed in a
general population of older persons. It is unknown how the FDRS variables predict Alzheimer’s
disease and Alzheimer’s disease related dementias (AD/ADRD) in heart failure and atrial
fibrillation populations. We ailed to evaluate the predictive ability of the FDRS variables in
population-based cohorts of heart failure and atrial fibrillation and to determine whether the
addition of other comorbidities and risk factors improves risk prediction for Alzheimer’s disease
and Alzheimer’s disease related dementias (AD/ADRD).

Methods: Residents aged =50 years from 7 southeastern Minnesota counties with a first
diagnosis of heart failure or atrial fibrillation between 1/1/2013 and 12/31/2017 were identified.
Patients with AD/ADRD before or within 6 months after index atrial fibrillation or heart failure,
and patients who died within 6 months after index were excluded. For both cohorts, models were
constructed to predict AD/ADRD after index including the variables in the FDRS. Additional
comorbidities and risk factors were added to the models. For all models, c-statistics using 5-fold
cross-validation were calculated.

Results: Among 3,052 patients with heart failure (mean age 75 years, 53% male), 626 developed
AD/ADRD; among 4,107 patients with atrial fibrillation (mean age 74 years, 57% male), 736
developed AD/ADRD. Among heart failure patients, the FDRS variables predicted AD/ADRD
with c-statistic=0.69. Adding comorbidities and risk factors improved the c-statistic slightly to
0.70. The FDRS variables also performed well (c-statistic=0.73) in atrial fibrillation patients;
adding comorbidities and risk factors slightly improved performance (c-statistic=0.75).
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Conclusions: The variables from the FDRS predict AD/ADRD well in both heart failure

and atrial fibrillation populations. The addition of comorbidities and risk factors only modestly
improved prediction, indicating that the FDRS variables are appropriate to predict AD/ADRD in
patients with heart failure and atrial fibrillation.
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INTRODUCTION

Heart failure and atrial fibrillation are diseases of aging, with heart failure affecting
approximately 10% of persons over age 80 and atrial fibrillation affecting approximately
1 in 6 persons over 85.1: 2 Furthermore, heart failure is associated with an excess risk

of Alzheimer’s disease and Alzheimer’s disease related dementias AD/ADRD,3-8 and
atrial fibrillation is also associated with an increased risk of AD/ADRD, independent

of the occurrence of clinical stroke.% 19 AD/ADRD is an important cause of morbidity
and mortality in older persons.1! The prolonged course of cognitive decline that results
from AD/ADRD can influence the diagnosis and treatment of comorbid conditions and
generates complex management. Thus, identifying heart failure and atrial fibrillation patients
who are at risk for AD/ADRD could have important implications for patient management
and outcomes in these individuals. The Framingham Heart Study Dementia Risk Score
(FDRS) was recently developed in a general population of older individuals, with good
discrimination (c-statistic: 0.716).12 It was developed to be a practical tool for general
practitioners by using information that can be easily assessed and is commonly available
in the EHR. However, it is unknown how the FDRS variables predict AD/ADRD in heart
failure and atrial fibrillation populations. Thus, utilizing EHR data, we aimed to evaluate
the predictive ability of the variables included in the FDRS and to determine whether the
addition of other comorbidities and risk factors improves risk prediction for AD/ADRD in
population-based cohorts of individuals with heart failure and atrial fibrillation.

METHODS

Study Setting

Utilizing resources of the Rochester Epidemiology Project (REP), this study was conducted
within seven counties (Dodge, Freeborn, Mower, Olmsted, Steele, Wabasha, and Waseca)

in southeastern Minnesota.13-15 The REP, which includes data from various health care
institutions (Mayo Clinic Rochester, Mayo Clinic Health System clinics and hospitals,

and Olmsted Medical Center and its affiliated clinics), is a records linkage system that
enables retrieval of nearly all health care encounters and clinical events of residents living in
southeastern Minnesota,13-15

Heart Failure Case Identification

Residents of the 7-county area in southeastern MN age 50 or older with a first-ever
International Classification of Diseases, Ninth Revision (ICD-9) code 428 or ICD-10 code
150 for heart failure between January 1, 2013 and December 31, 2017 were identified. Those

Am J Med. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Manemann et al.

Page 3

with a heart failure diagnosis code prior to the study period, using a 3-year look back
window, were excluded. A heart failure case was defined as having at least 2 heart failure
codes (in- or outpatient) separated by at least 30 days. This algorithm has been shown to
maximize positive predictive value (PPV) and sensitivity.16 The date of the first diagnosis
code was considered the heart failure index date.

Atrial Fibrillation Case Identification

Cases of new-onset atrial fibrillation between 2013 and 2017 who were residents within the
7-county area were identified. Diagnostic codes ICD-9 code 427.3 and ICD-10 code 148

for atrial fibrillation or atrial flutter from inpatient and outpatient encounters among adults
>50 years were obtained. Electronic interpretations of electrocardiograms (ECG) and Holter
monitor reports were available from Mayo Clinic and Mayo Clinic Health System but were
not available from Olmsted Medical center. Medical records were reviewed by trained nurse
abstractors for Olmsted Medical Center as well as any ECGs or Holter reports with missing
or inconclusive interpretations from Mayo Clinic. A diagnostic code plus evidence of atrial
fibrillation or atrial flutter on either an ECG or Holter monitor (within 30 days prior to 1
year after an atrial fibrillation diagnostic code) was required to confirm the diagnosis. The
date of diagnosis code was used as the index atrial fibrillation date.

Framingham Dementia Risk Score Variables

The variables included in the FDRS score include age, marital status (married, single,
divorced/separated/widowed), body mass index (BMI), stroke/transient ischemic attack
(TIA), diabetes, and cancer.12 Age and marital status were obtained through the electronic
indices of the REP. BMI was calculated using an algorithm that has been previously
described.1”: 18 Stroke/TIA, diabetes, and cancer were ascertained via the REP by
electronically retrieving ICD-9 and ICD-10 codes from both inpatient and outpatient
encounters. The code sets used were outlined by the U.S. Department of Health and Human
Services.19 20 For cancer, non-melanoma skin cancers were excluded. The occurrence of
one code occurring within 3 years prior to the incident heart failure or atrial fibrillation date
were required to be classified as having the condition.

Other Patient Characteristics

Sex, smoking status (current, never, or ever), and educational attainment (8th grade

or less, some high school, high school/GED, some college or 2 year degree, 4 year
college degree and post graduate studies) were obtained through the electronic indices
of the REP. Additional comorbidities identified as a public health priority by the US
Department of Health and Human Services were identified and retrieved from the REP
as outlined above.19 20 \fery few individuals in our cohort had autism, hepatitis, and
human immunodeficiency virus (HIV) so these conditions were excluded, leaving 13
chronic conditions (hypertension, coronary artery disease, arrhythmia (in the heart failure
cohort), heart failure (in the atrial fibrillation cohort), hyperlipidemia, arthritis, asthma,
chronic kidney disease, chronic pulmonary obstructive disease, osteoporosis, depression,
schizophrenia, and substance abuse disorder) in the analysis.
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(AD/ADRD) Ascertainment

Clinically diagnosed AD/ADRD after the heart failure or atrial fibrillation diagnosis was
ascertained by the Centers for Medicare and Medicaid (CMS) Chronic Conditions Data
Warehouse?! ICD code set for AD/ADRD, which has been shown to have a sensitivity of
87%.22 We used the criterion of the occurrence of at least 1 code for AD/ADRD. AD/ADRD
was ascertained through 3/31/2021.

Statistical Methods

Subjects who developed AD/ADRD within 6 months after their index event were excluded
because it is presumed that AD/ADRD was preexisting. In addition, patients who died
within 6 months after index were excluded, along with those missing covariate data. Patients
were followed through the first of either death, last clinical encounter, or 3/31/2021,with
time to event calculated from the index date. Baseline clinical characteristics were
summarized as mean * standard deviation (SD) for continuous variables and as percentages
for categorical variables. The cumulative incidence of AD/ADRD after the index event

was estimated, treating death as a competing risk. Cox proportional hazards regression

was used to model the risk of AD/ADRD after index with the variables used to estimate

the FDRS as predictors (age, marital status, body mass index, stroke/TIA, diabetes, and
cancer). Additional predictors were then added to the models to assess whether model
prediction improved; these included sex, smoking, education, hypertension, coronary artery
disease, arrhythmia (in the heart failure model), heart failure (in the atrial fibrillation model),
hyperlipidemia, arthritis, asthma, chronic kidney disease, chronic pulmonary disease,
osteoporosis, depression, schizophrenia, and substance abuse disorder. Discrimination was
assessed using the C-statistic, and calibration was assessed using a group-based measure

of calibration that utilizes a model-based framework that provides a natural extension to
survival data.23 Five-fold cross-validation was used to assess model performance. The data
were split into 5 equal, mutually exclusive datasets with analysis done on 4 of the folds

and validation performed on the remaining ‘hold-out’ fold. This was repeated using each

of the 5 folds as the hold-out fold. Results were averaged across the 5 hold-out folds. Data
analyses were performed using SAS software, version 9.4 (SAS institute Inc, Cary, NC) and
R version 4.03 (R Foundation for Statistical Computing, Vienna, Austria). This study was
approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards.

RESULTS

We identified 3,052 patients with heart failure (mean age 75 years, 53% male) and 4,107
patients with atrial fibrillation (mean age 74 years, 57% male; Table 1). During a mean

(SD) follow-up of 3.5 (1.8) years, 626 cases of AD/ADRD occurred among the heart

failure cohort. The 1- and 3-year cumulative incidence (95% confidence interval [CI]) after
index of AD/ADRD among patients with heart failure was 3.3% (2.6%-3.9%) and 13.8%
(12.5%-15.1%), respectively. During a mean (SD) follow-up of 3.7 (1.8) years, 736 cases of
AD/ADRD occurred among the atrial fibrillation cohort; 1- and 3-year cumulative incidence
(95% CI) of AD/ADRD was 3.0% (2.5%-3.6%) and 11.5% (10.5%-12.4%), respectively.
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In patients with heart failure, the FDRS variables predicted AD/ADRD with a c-statistic

of 0.69 (Table 2). Adding additional comorbidities and risk factors improved the c-statistic
slightly to 0.72. The FDRS variables also performed well in patients with atrial fibrillation
(c-statistic: 0.74; Table 2), and adding other comorbidities and risk factors improved the
performance (c-statistic: 0.76). The cross-validation analysis for heart failure yielded a mean
c-statistic of 0.69 for the model with the FDRS variables and a mean c-statistic of 0.70

after adding additional comorbidities and risk factors. The cross-validation analysis for atrial
fibrillation yielded a mean c-statistic of 0.73 for the model with the FDRS variables and

a mean c-statistic of 0.75 for the model with the additional comorbidities and risk factors.
Furthermore, the models were well calibrated as indicated by a mean standardized incidence
ratio of 0.988 for the heart failure cohort and 0.994 for the atrial fibrillation cohort (Table 3).

DISCUSSION

The variables from the FDRS predict AD/ADRD well in a population-based cohort of heart
failure and atrial fibrillation patients. The addition of comorbidities and other cardiovascular
disease risk factors only modestly improved prediction, indicating that the FDRS variables
are appropriate to predict Alzheimer’s disease and Alzheimer’s disease related dementias in
patients with heart failure and atrial fibrillation.

Our results have important implications because the variables in the FDRS, as well as the
additional comorbidities and risk factors, can be easily obtained from the EHR. Thus, using
data that is easily accessible to clinicians may help predict who is at risk for AD/ADRD
among patients with heart failure and atrial fibrillation. Both atrial fibrillation and heart
failure are conditions that require effective self-management that in turn relies on cognitive
function; thus, having the ability to identify patients at risk for AD/ADRD could have

great implications for patient management and outcomes in these individuals. We recently
reported that in a population of patients with heart failure, AD/ADRD both prior to and after
a diagnosis was heart failure was associated with an increased risk of healthcare utilization
and death.24 Thus, by identifying heart failure and atrial fibrillation patients at risk for
AD/ADRD, interventions could be targeted to these patients to potentially prevent or reduce
the impact of AD/ADRD and in turn improve outcomes.

Some limitations should be considered to aid in the interpretation of our findings. We used
diagnosis codes to ascertain heart failure; however, we used a validated EHR algorithm that
maximizes PPV and sensitivity.18 We also used diagnosis codes to define AD/ADRD, and as
the onset of AD/ADRD is difficult to define in clinical practice, under-ascertainment during
early stages is a concern.25-27 However, the REP captures data from primary and specialty
care, outpatient visits and hospitalizations, and the reliability of EHR ascertainment of
AD/ADRD has been validated in the REP.28 The generalizability of our study may be
limited as our region is predominantly white; however, this region has similar age, sex, and
racial/ethnic characteristics as the state of Minnesota and the Upper Midwest region of the
US.13' 15

Our study has notable strengths. It was conducted in large, contemporary, community-based
cohorts of patients with heart failure and atrial fibrillation. We have robust EHR data via the
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resources of the REP, with nearly complete capture of comorbid conditions and outcomes in
a large area of southeastern Minnesota.3 Furthermore, five-fold cross-validation was used to
assess model performance.

CONCLUSION

Using EHR data from a community population, the variables in the FDRS predict
AD/ADRD well in both heart failure and atrial fibrillation populations. The addition

of comorbidities and other cardiovascular disease risk factors only modestly improved
prediction. These results indicate that the FDRS variables are appropriate to predict AD/
ADRD in patients with heart failure and atrial fibrillation.
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Clinical Significance

In community-based heart failure and atrial fibrillation populations, the
addition of comorbidities and cardiovascular risk factors to the variables in
the Framingham Heart Study Dementia Risk Score only modestly improved
prediction of dementia.

Using electronic health record data, the variables in the Framingham Heart
Study Dementia Risk Score predict dementia well in both heart failure and
atrial fibrillation populations.
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Baseline Characteristics by Disease Status

Table 1.

Heart failure

Atrial fibrillation

(N=3052) (N=4107)

Age, years, mean (SD) 75.0 (11.1) 74.2 (10.9)
Male 1629 (53.4) 2323 (56.6)
Marital Status

Married 1794 (58.8) 2609 (63.5)

Single 241 (7.9) 284 (6.9)

Divorced/separated/widowed 1017 (33.3) 1214 (29.6)
Education

8th grade or less 139 (4.6) 136 (3.3)

Some high school 193 (6.3) 233 (5.7)

High school / GED 1209 (39.6) 1507 (36.7)

Some college or 2 year degree 811 (26.6) 1129 (27.5)

4 year college degree 265 (8.7) 429 (10.4)

Post graduate studies 435 (14.3) 673 (16.4)
Smoking status

Never smoker 1141 (37.4) 1594 (38.8)

Current smoker 258 (8.5) 325 (7.9)

Former smoker 1653 (54.2) 2188 (53.3)
Body mass index, kg/m2, mean (SD) 31.1(7.7) 31.2(7.2)
Ejection fraction (SD) 50.7 (14.4)
Stroke/TIA 624 (20.4) 574 (14.0)
Diabetes 1753 (57.4) 1995 (48.6)
Cancer 903 (29.6) 1067 (26.0)
Hypertension 2675 (87.6) 3155 (76.8)
Coronary artery disease 1802 (59.0) 1521 (37.0)
Arrhythmia 2560 (83.9)
Heart failure 762 (18.6)
Hyperlipidemia 2404 (78.8) 2867 (69.8)
Arthritis 1694 (55.5) 2061 (50.2)
Asthma 358 (11.7) 405 (9.9)
Chronic kidney disease 1299 (42.6) 1036 (25.2)
Chronic pulmonary disease 906 (29.7) 858 (20.9)
Osteoporosis 463 (15.2) 472 (11.5)
Depression 747 (24.5) 718 (17.5)
Schizophrenia 105 (3.4) 86 (2.1)
Substance abuse disorder 379 (12.4) 302 (7.4)

All results are N (%) unless otherwise indicated.

GED, general educational development; SD, standard deviation; TIA, transient ischemic attack
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Table 2.

C-statistics (95% CI) for Predicting AD/ADRD by Disease Status

Heart Failure
N=3025
626 events

Atrial Fibrillation
N=4107
736 events

Model 12

Model Zb

Model 12

Model 2°

Original dataset

Cross-validation fold 1
Cross-validation fold 2
Cross-validation fold 3
Cross-validation fold 4

Cross-validation fold 5

Mean c-statistic from cross-validation

0.69 (0.66-0.72)

0.68 (0.63-0.73)

0.67 (0.61-0.72)

0.69 (0.65-0.74)

0.70 (0.65-0.75)

0.70 (0.65-0.74)
0.69

0.72 (0.69-0.74)

0.69 (0.64-0.74)

0.68 (0.63-0.73)

0.72 (0.67-0.76)

0.70 (0.65-0.75)

0.71 (0.67-0.76)
0.70

0.74 (0.72-0.76)

0.74 (0.70-0.78)

0.72 (0.67-0.76)

0.76 (0.72-0.80)

0.73 (0.69-0.77)

0.71 (0.66-0.75)
073

0.76 (0.74- 0.78)

0.75 (0.71-0.79)

0.75 (0.71-0.79)

0.78 (0.74-0.82)

0.75 (0.71-0.79)

0.73 (0.69-0.77)
0.75

a . . . Lo . . .
age, marital status, body mass index, prior stroke/transient ischemic attack, prior diabetes, prior cancer

Model 1 + hypertension, coronary artery disease, arrhythmia, hyperlipidemia, arthritis, asthma, chronic kidney disease, chronic pulmonary
disease, depression, osteoporosis, schizophrenia, and substance abuse disorder, sex, ejection fraction, smoking, education

Model 1 + hypertension, coronary artery disease, heart failure, hyperlipidemia, arthritis, asthma, chronic kidney disease, chronic pulmonary

disease, depression, osteoporosis, schizophrenia, and substance abuse disorder, sex, smoking, education
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Table 3.

Standardized Incidence Ratios (95% CI) for Predicting AD/ADRD by Disease Status

Cross-validation fold

Observed number of events

Expected number of events

Standardized incidence ratio

Model 17

Model Zb

Model 17

Model 2¢

A W N e

Mean SIR

Mean SIR

A W N e

5
Mean SIR
1
2
3
4
5
Mean SIR

109
108
113
117
126

109
108
113
117
126

131
120
136
140
135

131
120
136
140
135

Heart failure

Atrial fibrillation

124.24
108.57
116.88
118.05
108.74

128.67.
109.76.
114.58.

121.65
108.44

130.92
145.05
122.66
137.10
129.28

133.02
141.07
125.65
135.42
131.67

0.88 (0.72-1.06)
0.99 (0.82-1.20)
0.97 (0.80-1.16)
0.99 (0.82-1.19)
1.16 (0.97-1.38)
0.998
0.85 (0.70-1.02)
0.98 (0.81-1.19)
0.99 (0.81-1.19)
0.96 (0.80-1.15)
1.16 (0.97-1.38)
0.988

1.00 (0.84-1.19)
0.83 (0.69-0.99)
1.11 (0.93-1.31)
1.02 (0.86-1.20)
1.04 (0.88-1.24)
1.000
0.98 (0.82-1.17)
0.85 (0.71-1.02)
1.08 (0.91-1.28)
1.03 (0.87-1.22)
1.03 (0.86-1.21)
0.994

SIR, standardized incidence ratio

a . . . Lo . — .
age, marital status, body mass index, prior stroke/transient ischemic attack, prior diabetes, prior cancer
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Model 1 + hypertension, coronary artery disease, arrhythmia, hyperlipidemia, arthritis, asthma, chronic kidney disease, chronic pulmonary
disease, depression, osteoporosis, schizophrenia, and substance abuse disorder, sex, ejection fraction, smoking, education

Model 1 + hypertension, coronary artery disease, heart failure, hyperlipidemia, arthritis, asthma, chronic kidney disease, chronic pulmonary

disease, depression, osteoporosis, schizophrenia, and substance abuse disorder, sex, smoking, education
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