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Abstract

Background—Studies have shown select associations between cardiovascular risk factors and
dementia, but most focus on Alzheimer’s disease (AD).

Objective—We enhance these works by evaluating the relationship between the presence of
cardiovascular risk factors and the rate of cognitive decline, measured using the Mini-Mental State
Examination (MMSE) and Clinical Dementia Rating Sum of Boxes (CDR-SUM) on four common
dementia subtypes (AD, dementia with Lewy bodies (DLB), frontotemporal dementia (FTD), and
vascular dementia (VaD), as well as non-demented elderly individuals (normal)).

Methods—We used generalized linear mixed models with random intercepts to account for
correlation at the patient and center levels for each dementia subtype adjusting for time since
initial visit, baseline cognitive score, age, and demographic factors. The cardiovascular risk factors
evaluated included body mass index, diabetes, years smoking, atrial fibrillation, hypertension, and
hypercholesterolemia.

Results—~Patients diagnosed with AD (n=1899), DLB (n=65), FTD (n=168), or VaD (n=13); or
lacked cognitive impairment (normal) (n=3583) were evaluated using data from the National
Alzheimer’s Coordinating Centers. Cardiovascular risk factors were associated with select
dementia subtypes including AD and FTD. Using MMSE and CDR-SUM, recent or active
hypertension and hypercholesterolemia were associated with slower cognitive decline for AD
patients, while higher body mass index and years smoking were associated with slower cognitive
decline for FTD patients. However, several cardiovascular factors demonstrated associations with
more rapid cognitive decline.

Conclusion—These results demonstrate disease specific associations and can provide clinicians
guidance on predicted cognitive changes at the group level using information about cardiovascular
risk factors.
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1. INTRODUCTION

Dementia progressively deteriorates the quality of life through decreased functioning and
cognition. Many studies have investigated factors that contribute to decline in functional and
mental capabilities [1-5]. In these studies, functional and cognitive capacities have been
evaluated for different dementia subtypes, and analyses have indicated that changes may
vary by subtype. Interest has also extended into understanding cognitive decline in mixed
dementia [5, 6]. Furthermore, studies have shown specific associations of cardiovascular risk
factors to these subtypes [7, 8].

The relationship between cardiovascular disease and dementia is of particular interest as
both have increased risk with age and many studies have identified associations between
cardiovascular risk factors and the risk of dementia, especially for Alzheimer’s disease (AD)
[9-27]. In a previous study, it was determined differential associations between late-life
cardiovascular factors and neurodegenerative diseases exist for multiple dementia subtypes
[7]. The presence of cardiovascular risk factors was evaluated in individuals who had a
diagnosis of probable AD, possible AD, vascular dementia (VaD), dementia with Lewy
bodies (DLB), frontotemporal dementia (FTD), Parkinson’s disease, progressive
supranuclear palsy, or corticobasal degeneration. Compared to the non-demented group,
body mass index (BMI) of patients with probable AD and DLB was found to be
significantly lower. Other studies have also identified relationships between cardiovascular
factors and various disease pathologies, such as obesity or heart failure leading to a higher
risk of AD [21, 28]. Identifying these relationships are important as multiple studies have
suggested pharmacological and non-pharmacological therapies can improve vascular health
and delay the progression of dementia. Physical activity has been demonstrated to improve
brain plasticity and increase resilience to AD [29] while pharmacological therapies and
nutritional interventions can be used to decrease the risk of obesity and delay the onset of
AD [30].

These findings support the differential relationship of specific diseases to cardiovascular
factors and presents the question of how cardiovascular factors may be related to cognition
for dementia patients. A recent study evaluated the relationship of cognitive decline
(measured by the Mini-Mental State Examination (MMSE) [31] score and Clinical
Dementia Rating Scale Sum of Boxes (CDR-SUM) [32, 33]) and cardiovascular risk factors,
such as diabetes mellitus, hypertension, hypercholesterolemia, smoking, and being
overweight on subjects diagnosed with AD or DLB [8]. The analysis revealed overweight
AD patients had slower cognitive decline while hypertension and being overweight were
also related to slower cognitive decline for DLB patients. The study indicates that
cardiovascular risk factors are associated to cognition but was limited in the diagnoses that
were evaluated.
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The objective of the current study was to determine whether the rate of cognitive decline was
affected by late life cardiovascular risk factors, using two measures of cognition, MMSE and
CDR-SUM, across multiple dementia subtypes including AD, DLB, VaD, and FTD as well
as non-demented elderly individuals (hormal).

2. METHODS

2.1. Study Participants

The data for this study were obtained from the National Alzheimer’s Coordinating Center
(NACC) Uniform Data Set (UDS) [34-36]. This database contains standardized clinical
evaluations, and detailed descriptions have been previously published [34-36]. Information,
including demographics, diagnoses, vascular conditions, and cognitive status, are stored in
the UDS. The UDS began in 2005, and patients were evaluated annually thereafter. Our
analysis includes information from UDS visits conducted between June 2005 and May 2016
for patients enrolled in 34 Alzheimer’s Disease Center’s (ADCs). Research using the NACC
database was approved by the Institutional Review Board at the University of Washington
for patients enrolled in ADCs in the United States. Figure 1 displays a flow chart of the
inclusion and exclusion criteria for the study.

Only patients with a single clinical diagnosis of AD, DLB, FTD, or VaD, were included
along with non-demented elderly individuals lacking a neurodegenerative disease diagnosis
(normal). Patients were considered to have a diagnosis of AD if the presumptive etiologic
diagnosis was probable AD or possible AD [37]. Due to the small sample size for FTD, the
FTD subtypes were collapsed into one group and were comprised of patients with
progressive supranuclear palsy, corticobasal degeneration, as well as other variants of FTD.
The first visit in which a patient had one of the above qualifying diagnoses was considered
the baseline visit. Visits prior to the baseline visit were removed, and visits following the
qualifying visit were renumbered. In an interest to target the cognitive decline related to
dementia, cases of mild cognitive impairment (MCI) were removed. For patients that were
diagnosed with MCI and successively developed dementia, the visits were numbered starting
at the first qualifying diagnosis of that specific dementia subtype (AD, DLB, FTD or VaD).
If patients alternated between statuses of MCI and dementia during their visits, they were
excluded from the study. Only individuals with a consistent diagnosis for all visits were
evaluated. Individuals with mixed or changing diagnoses during the study period were
excluded.

Furthermore, as done previously [7], a patient was excluded if, at first qualifying visit, he or
she had a diagnosis of vitamin B12 deficiency, thyroid disease, alcohol abuse, other
substance abuse, Down syndrome, Huntington disease, traumatic brain injury,
hydrocephalus, central nervous system neoplasm, bipolar disorder, schizophrenia, anxiety,
delirium, post-traumatic stress disorder, other major psychiatric illnesses, cognitive
impairment due to alcohol abuse, cognitive impairment due to systemic disease/medical
illness, cognitive impairment due to medications, and brain cancer. The Mini-Mental State
Examination (MMSE) [31] and Clinical Dementia Rating Sum of Boxes (CDR-SUM) [32,
33], assessed at each of the visits, were evaluated as measures of cognitive ability. It is
important to note that the CDR-SUM is a composite score that measures daily functioning in
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addition to cognitive ability. Subjects that had a CDR-SUM score greater than 16 at the
beginning of the study were also excluded to remove patients with severe dementia, as
similar to Gill et al. [4]. Visits where the MMSE or CDR-SUM was not recorded were
excluded from the analysis. The number of months from the first visit was included in the
model to account for unequally spaced visits due to missing values. A minimal follow up of
two visits after the baseline visit were required for patients in the longitudinal dataset.

2.2. Cardiovascular Factors

Cardiovascular risk factors were evaluated for each patient at the annual visit to the ADC.
The cardiovascular data considered for this study were body mass index (BMI), years
smoking, atrial fibrillation, diabetes, hypertension, and hypercholesterolemia.
Cardiovascular disease status was assessed by a clinician based on the subject report,
medical records, and structured interviews, using guidelines from NACC [36]. BMI (weight
(kg) divide by height (m) squared) and the number of years the patient had smoked were
continuous variables. Atrial fibrillation, diabetes, hypertension, and hypercholesterolemia
were categorized as recent/active, remote/inactive, and absent. A status of recent/active
indicated that the condition occurred within the past year or required active management.
Remote/inactive indicated that the condition occurred more than one year in the past but was
resolved or was not currently being treated. The absent status indicated that the condition
had never been present in the patient. In this study, the effect of having a recent/active
diagnosis for cardiovascular risk factors was evaluated compared to remote/inactive and
absent diagnoses.

2.3. Statistical Analysis

The statistical analyses were performed using the SAS statistical software (Mersion 9.4, SAS
Institute Inc.). The means and proportions of demographic characteristics and cardiovascular
risk factors were compared across groups using analysis of variance (ANOVA) for
continuous variables and the ;2 test for difference of proportions for categorical variables.
Post hoc analyses for individual comparisons were also performed using a Bonferroni
adjustment on the Type | error rate. To account for the correlation between the subjects
within the same ADC and repeated measurements on each subject, we fit generalized linear
mixed models. We evaluated the effect of cardiovascular risk factors (BMlI, years smoking,
atrial fibrillation, diabetes, hypertension, and hypercholesterolemia) while adjusting for age,
sex, race, education level, the number of months from the first visit (time), and baseline
cognitive score. Interaction terms between the cardiovascular risk factors and time were
included in the model to assess the effect of the cardiovascular risk factor on changes in
cognition by month. Random effects were used to account for underlying differences
between individuals and ADCs. A generalized linear mixed model was fit for each of the
dementia subtypes (AD, DLB, FTD, VaD), as well as the normal population. A significance
level of 0.05 was used to evaluate the impact of each factor. The MMSE, a measure of
cognitive ability, and CDR-SUM, a composite measure of cognitive and daily living ability,
were both selected as outcomes and evaluated for comparison. The possible MMSE scores
range from 0 to 30, where a score of 0 indicates severe cognitive impairment and a score of
30 indicates no cognitive impairment. CDR-SUM scores typically range from 0 to 18,

Curr Alzheimer Res. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Irimata et al.

Page 5

although in our study the scores range from 0 to 16 as patients with severe dementia were
excluded. The CDR-SUM is a total score of dementia ratings for six areas including
memory, orientation, judgment and problem-solving, community affairs, home and hobbies,
and personal care. Each category is rated on a scale of 0 to 3 where 0 indicates no dementia
and 3 indicates severe dementia. Clinical Dementia Rating Sum of Boxes scores of 0 reflect
no cognitive impairment while scores closer to 18 suggest severe cognitive impairment.

3. RESULTS

3.1. Descriptive Statistics

The final data set contained 32,652 observations for 11,486 patients over 34 ADCs. Of these
subjects, 5,758 had single visits. The remaining 5,728 patients (longitudinal dataset)
collectively had 26,894 visits over the course of the study. Table 1 and Supplemental Table 1
display summaries of the demographic and clinical characteristics for the subjects at
baseline in the longitudinal sample and total sample, respectively. Overall, the average
number of visits per patient in the longitudinal data set was 4.7 visits (min = 3, max = 10).
The average time between the first and last visit for patients with more than 1 visit was 51.7
months (min = 15, max = 114).

At baseline, the FTD group was significantly younger on average compared to the other four
diagnosis groups. The DLB group had a significantly lower percent of females compared to
normal and AD patients, which was expected as DLB is noted to occur more frequently in
men [38, 39]. AD patients had significantly lower education levels compared to normal
patients, although they had comparable education levels to DLB, FTD, and VaD patients.
AD and DLB patients had the lowest BMI at baseline. In addition, patients with a diagnosis
of VaD had smoked significantly longer than normal patients at the first visit. VaD patients
had the most frequent diagnoses of recent/active diabetes and hypertension, and one of the
most frequent hypercholesterolemia diagnoses, which were expected by definition of the
VaD subtype. MMSE and CDR-SUM values at baseline were similar for the four dementia
subtypes evaluated, although as expected, the average MMSE score at baseline was
significantly higher for the normal group and the average CDR-SUM score at baseline was
significantly lower for the normal group.

3.2. Relationship of Cardiovascular Risk Factors to Cognitive Score Across Dementia

Subtypes

A summary of the results from each of the linear mixed models, one for each diagnosis of
interest, are displayed in Tables 2 and 3 for MMSE and CDR-SUM, respectively. The VaD
group had a small sample size (n=13), thus the results should be interpreted carefully as the
findings may not be applicable to larger populations. Significant cardiovascular risk factors
are listed in bold. The estimate displayed in the table is the predicted change in cognitive
score per month for a change in the cardiovascular risk factor status. For MMSE, a positive
estimate indicates that an increase in the continuous variables (BMI and years smoking) or a
recent/active status for the categorical variables (atrial fibrillation, diabetes, hypertension,
and hypercholesterolemia) is associated with an increase in MMSE and thus an increase in
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cognitive functioning. For CDR-SUM, negative estimates indicate associations with
increased cognitive functioning.

3.2.1. Mini-Mental State Examination Analysis Results—For this sample of
patients, select cardiovascular risk factors were found to be significantly associated with a
change in MMSE for individuals with a diagnosis of AD, DLB, FTD, or normal. In the
group with a diagnosis of AD, having recent or active hypertension resulted in a significant
increase in cognitive score per month (p-value < 0.0001). In addition, recent or active
hypercholesterolemia was associated with a significant monthly increase in MMSE score (p-
value = 0.0241). For patients with a DLB diagnosis, the data suggests that years smoking is
associated with an increase in MMSE score for each additional year the patient smoked (p-
value = 0.0144). For patients with FTD, BMI, years smoking, and recent/active atrial
fibrillation were all significantly associated with an increase in MMSE score each month. In
the normal group, recent/active hypertension was associated with a decline in MMSE score.
Baseline MMSE score was significantly positively associated with the patient’s MMSE
scores over the course of the study for all diagnoses except VaD. The demographic variables
(age, sex, race, and education) were also found to be significant in some of the generalized
linear mixed models. Age was a significant predictor in the AD mixed model and was
positively associated with the overall MMSE score. All four demographic variables were
statistically significant in the model for the normal diagnosis group. For the normal
diagnosis, age was negatively associated, education was positively associated, and females
had higher MMSE scores relative to males. Caucasians had higher MMSE scores compared
to other races (African American, American Indian, Hawaiian/Pacific Islanders, Asian, and
multiracial). The random intercept at the subject, or patient, level was statistically significant
in four models (AD, DLB, FTD, and the normal diagnosis). This indicates significant
correlation between the measurements collected from the same patient. The random effect
for ADC, accounting for similarities between MMSE measurements collected at the same
clinic, was statistically significant in the models for patients with a diagnosis of AD and the
normal group.

Figure 2 demonstrates the differing impact of hypertension on MMSE score over time for
the four dementia subtypes and the normal group (denoted by black lines). Each score is
evaluated using the average demographic characteristics of patients from the longitudinal
study at baseline. As seen from the plot, a diagnosis of recent/active hypertension (solid line)
results in a more rapid decline in MMSE over time for the FTD (Fig 2c) and normal
subgroups (Fig 2e), although the association is only significant for the normal group.
However, recent/active hypertension was positively associated with cognition for the AD
(Fig 2a) and DLB (Fig 2b) subgroups, as can be seen by the slower cognitive decline over
time (the effect is only significant for AD patients). This plot reveals the significantly
different cognitive functioning patients with varying dementia diagnoses may have over five
years given the presence of cardiovascular risk factors.

3.2.2. Clinical Dementia Rating Sum of Boxes Analysis Results—For the CDR-
SUM outcome, cardiovascular risk factors were found to be significantly associated with a
change in cognitive score over time for patients with a diagnosis of AD, DLB, FTD, or VaD.
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For AD patients, recent/active hypertension and recent/active hypercholesterolemia were
associated with a decrease in CDR-SUM score per month (p-values = 0.0001 and 0.0294,
respectively), which was an increase in cognition. Patients diagnosed with DLB showed a
decrease in cognition per month which was significantly associated with recent or active
hypercholesterolemia (p-value = 0.0032). For FTD patients, BMI and years smoking were
significantly associated with a decrease in CDR-SUM each month. In the VaD group, recent/
active diabetes was associated with a significant increase in CDR-SUM per month, which
resulted in a decrease in cognition. The baseline CDR-SUM score was positively associated
with future CDR-SUM scores for all diagnoses. The demographic variables (age, sex, race,
and education) were also found to be significant in some of the generalized linear mixed
models. In the AD mixed model, age was negatively associated with CDR-SUM score. None
of the demographic variables were significantly associated with CDR-SUM for DLB and
FTD patients. For VaD patients, race was significantly associated to CDR-SUM. African
Americans and multiracial individuals had higher CDR-SUM scores compared to
Caucasians. All four demographic variables were statistically significant in the model for the
normal diagnosis group. Age was positively associated to CDR-SUM while years of
education was negatively associated. Females had lower CDR-SUM scores, and thus higher
cognitive functioning, compared to males. In the normal group, Caucasians had significantly
lower CDR-SUM scores than American Indians/Alaska Natives. The patient level random
intercept was statistically significant in the AD, DLB, FTD, and normal diagnosis models.
The ADC random effect was statistically significant in the AD and normal group models.

Figure 2 also displays the impact of hypertension on CDR-SUM scores over time (denoted
by gray lines), given their dementia diagnosis (including a normal diagnosis). The predicted
cognitive scores are evaluated using the average demographic characteristics at baseline.
Although the predicted CDR-SUM scores are close, it can be seen that a diagnosis of recent/
active hypertension has a slower rate of cognitive decline for AD (Fig 2a) and DLB patients
(Fig 2b). This association is significant for AD patients. On the other hand, for patients
diagnosed with FTD (Fig 2c), VaD (Fig 2d), or as normal (Fig 2e), recent/active
hypertension appears to be associated with faster cognitive decline, although none of these
associations are statistically significant.

3.2.3. Co-occurrences of Cardiovascular Risk Factors—At baseline, the most
common co-occurrences of two cardiovascular risk factors in the longitudinal dataset
included recent/active hypertension and hypercholesterolemia (28.0 percent),
hypercholesterolemia and smoking more than 10 years (16.1 percent), hypertension and
smoking more than 10 years (15.9 percent), hypertension and BMI greater than 30 (14.2
percent), and hypercholesterolemia and BMI greater than 30 (12.1 percent). Table 4 displays
the most frequent cardiovascular factors that co-occurred by disease diagnosis. For all
diagnoses, including the four dementia types and the normal group, recent or active
hypertension and recent or active hypercholesterolemia were the two cardiovascular risk
factors that most frequently co-occurred at baseline.
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4. DISCUSSION

In a sample of patients from the NACC UDS with diagnoses of AD, DLB, FTD, VaD, and
normal, we evaluated the differential associations of cardiovascular risk factors and
cognitive score, measured using MMSE and CDR-SUM. The analyses indicate select
cardiovascular factors are significantly associated with cognitive decline for select dementia
subtypes. Four associations between changes in cognition and cardiovascular risk factors
were identified that were in agreement between both the MMSE and CDR-SUM measures.
In the AD group, recent/active hypertension and recent/active hypercholesterolemia were
both found to be associated with higher cognitive functioning. For FTD patients, an increase
in BMI or an increase in the number of years smoking were both associated with higher
cognition. Additional associations were also identified for each cognitive measure as
mentioned in the results.

Our findings are in agreement with existing studies that have found a significant association
between hypertension and hypercholesterolemia and increased cognitive scores, using
MMSE, for patients with AD [8, 40]. While Bergland’s study [8] shows mild significance of
these two cardiovascular risk factors for AD patients, our study indicates a highly
statistically significant association with the rate of change in cognition. Although a previous
study found increased systolic blood pressure to be associated with a higher rate of cognitive
decline in patients with AD [41], we found that the presence of hypertension was associated
with a smaller decrease in cognitive scores for this subtype. These differences may be due to
differences in study cohorts as well as methodologies used. Furthermore, many individuals
with hypertension may not be optimally treated [42] potentially creating distinct subgroups
(treated vs. untreated). This is imperative as treatment for high blood pressure has been
noted to decrease cognitive decline in patients with cerebrovascular disease [43]; more
research is needed to understand these effects across dementia subtypes.

Our study also identifies associations between cardiovascular risk factors and changes in
cognition for the FTD subtype (BMI, years smoked, and atrial fibrillation). While previous
studies on the FTD dementia subtype are limited, studies have demonstrated an association
between increased BMI and a lower risk of cognitive decline [44]. We similarly found a
higher BMI in late life was associated with an increase in MMSE scores or a decrease in
CDR-SUM, with statistically significant associations using both measures. From a
mechanistic standpoint, the association of increased BMI with less cognitive impairment
may be related to glucose metabolism, which is disrupted in mild cognitive impairment and
dementia [48, 49] or may be related to changes in body composition which in turn alters
many physiological processes [44]. More research is needed to develop a causal link.

For the DLB subtype, we found that number of years smoked was associated with a
significant increase in MMSE score per month although we did not identify an association
between years smoked and CDR-SUM. This result agrees with a previous study which also
investigated both cognitive measures and only found a statistically significant association
between smoking and change in MMSE [8]. Many previous studies have indicated that
smoking may have a protective effect from Parkinson’s disease [50-54], which is consistent
with the association between smoking and the cognitive rate of change measured using
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MMSE. This association may be explained by select underlying physiological processes as
mentioned in previous interpretations of similar findings including reduction of the enzyme
monoamine B oxidase, interaction with glutathione S-transferases, or induction of
cytochrome P-450 [8].

For the VaD subgroup, diabetes was identified to be significantly associated to an increase in
the change of CDR-SUM over time, although other associations between cardiovascular risk
factors and cognitive decline were not identified. While the VaD group had a small sample
size (n=13) and should be assessed carefully, there are several factors that could contribute
to a lack of associations between cardiovascular risk factors and cognitive decline for VaD
patients. By definition, VaD patients have been previously diagnosed with cardiovascular
risk factors and over time the factors may fall within the remote/inactive category. Moreover,
VabD is not a progressive disease, unlike AD, DLB, and FTD and studies have noted less of a
cognitive decline in VVaD when compared to AD [55]. Recent studies have also shown that
VaD patients often have mixed dementia [56], which the current study excluded. In addition,
individual cardiovascular risk factors may not contribute to cognitive decline in VaD patients
as these factors define a VaD diagnosis. Since cardiovascular disease is very common in
VaD patients, it is difficult to identify the impact of individual cardiovascular risk factors. In
this study, 85.7 percent of patients had recent/active hypertension and 64.3 percent of
patients had recent/active hypercholesterolemia (Table 1). Since patients with VaD often
have these cardiovascular risk factors, we do not suspect changes should have a significant
impact on cognitive decline but due to limitations in our sample size, this should be further
investigated.

Although MMSE and CDR-SUM are both measures of cognition, the differing associations
between cardiovascular risk factors and each measure can be expected. A study evaluating
19 different cognitive tests to assess a range of cognitive abilities was performed and it was
found that the rates of change in cognitive score varied depending on the test [57]. MMSE is
considered more of a cognitive assessment, while CDR-SUM is more of a global measure as
it assesses skills other than memory and cognition. The scales for both measures vary greatly
as well. Previous comparisons between the two measures found that while MMSE and CDR-
SUM can generally capture similar levels of dementia severity, CDR-SUM is more precise
in measuring cognitive decline [58, 59].

In this study, we identify several associations between cardiovascular risk factors and the
rate of cognitive decline. While we examine each factor independently to identify
cardiovascular risk factors that may have the most influence, co-occurrences of risk factors
can have varying impacts on the rate of decline. For patients in our study, recent or active
hypertension and hypercholesterolemia most frequently co-occurred at baseline for all
dementia diagnoses and the normal subgroup, as shown in Table 4. In the NACC data,
hypertension and hypercholesterolemia were both associated with a smaller decline in
cognition for AD patients, while the two cardiovascular risk factors had opposing effects for
other disease diagnoses. For patients with both hypertension and hypercholesterolemia, the
predicted monthly rate of change would be a net decline for diagnoses of DLB, VaD and
normal. In our study, the change in cognition for FTD patients with both of these
cardiovascular risk factors had conflicting results between MMSE and CDR-SUM. As co-
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occurrences of cardiovascular risk factors are common and other studies have determined
that the aggregation of vascular risk factors can be associated with a higher risk of disease
[60], we recommend future studies investigate the impact of aggregated risk factors should
be further investigated on cognitive change.

As clinical diagnosis accuracy rates can vary, one might evaluate post-mortem data to
understand the underlying pathology and the corresponding associations. Autopsy data was
available for 692 patients in the longitudinal sample (approximately 12.1 percent of
patients). Of these subjects, a primary diagnosis was determined for 416 patients. Using the
post mortem diagnasis, nearly 67 percent of the 416 patients corresponded directly to the
clinical diagnosis. Of the patients with conflicting primary diagnoses, most had been
classified as AD or normal in the NACC data but during the autopsy had been diagnosed
with a disease other than those evaluated in this study, including mixed diagnoses. On
average, the patients with post mortem diagnoses (n=416) died 19.2 months after their last
visit to the ADC (min = 0 months, max = 71 months). It is possible that patients who were
considered part of the normal group during the study later developed dementia due to the
length of time between the last visit and death.

Using the NACC UDS as the source of data provides multiple strengths for this study,
including standardized protocols for data collection across the ADCs as well as a large
number of patients, which results in reliable statistical models and estimates. In addition, the
study design is longitudinal, across 34 ADCs in the United States, which includes many
different patients with mean follow-up times of 36 months (for the DLB group) or longer.
The evaluation of cardiovascular factors across multiple dementia subtypes allows for
flexibility as vascular risk factors may be associated with only select neurodegenerative
diseases.

The present study does have some limitations. We had very stringent inclusion criteria,
including having only one consistent dementia diagnosis over the course of all visits to
reduce confounding variables. The authors are aware that most dementias are that of a mixed
etiology which is revealed at the time of a post-mortem neuropathological evaluation [61,
62]. Furthermore, while the NACC database overall contains many patients, most patients in
the subset of data selected for the study had a diagnosis of AD or normal. The DLB, FTD,
and VaD subtypes had much smaller sample sizes and should be further analyzed in
subsequent analyses. In addition, some visits were missing the MMSE value or contained
invalid values and were excluded. These missing datapoints may obscure important changes
in the MMSE value or associations with the cognitive score and can create bias. Categorical
cardiovascular risk factors evaluated, including atrial fibrillation, diabetes, hypertension, and
hypercholesterolemia, varied for some of the patients as cardiovascular diseases developed
or became inactive during the study. Of the sample evaluated, 5.8 percent of patients had a
change in atrial fibrillation status, 4.1 percent had a change in diabetes status, 16.2 percent
had a change in hypertension status, and 21.7 percent had a change in hypercholesterolemia
status during the study. Some patients had multiple changes in status for these variables.
Across the four categorical cardiovascular risk factors, 42.2 percent of the statuses switched
from absent to recent/active and 17.4 percent switched from remote/inactive to recent/active,
which is expected as the population ages over the duration of the study and develops
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cardiovascular diseases. In 5.3 percent of status changes, the cardiovascular risk factor status
switched from absent to remote/inactive. In 35.0 percent of cases, patients had a
cardiovascular risk factor change from recent/active to remote/inactive. There was one case
of a patient changing from remote/inactive atrial fibrillation to the status absent, although
this is likely an error in the data. Although we accounted for changing statuses rather than
assigning each patient one cardiovascular risk factor status at the beginning of study, follow
up studies should be performed to understand the impact on cognition when a cardiovascular
risk factor becomes present after the onset of dementia. Moreover, cardiovascular risk
factors may affect cognition differently based on the length of time and the age the patient
acquired the condition [10, 63-66]. In addition, this study focuses on a select subset of
cardiovascular risk factors. A recent study has suggested that autonomic dysfunction,
measured using heart rate variability, may also be associated with dementia and cognitive
impairment [67]. Follow up investigations should further evaluate this condition as well as
other cardiovascular risk factors.

This study investigated multiple dementia subtypes, as well as a non-demented group, and
enhanced previous studies of this type. We identified clear associations between
cardiovascular risk factors and the rate of cognitive decline for patients with diagnoses of
AD, DLB, FTD and normal. This study indicates the necessity of evaluating cardiovascular
risk factors to understand dementia patient outcomes and identified other potential risk
factors including demographic characteristics such as age, sex, race, and education that
should be further investigated in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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UDS data from NACC:
nt=112525 (n=33646)

!

Qualifying diagnosis at the first visit:
nt=77236 (n=25727)

!

Did not have any exclusions*:
nt=59730 (n=19313)

}

Valid MMSE values (non-missing, value 0-30),
consistent exclusive diagnosis for all visits (AD, DLB,
FTD, VaD, or normal), and non-missing predictors:
nt=39062 (n=14691)

N

Longitudinal Dataset with
= 3 visilts:

Single Visit Dataset:
nt=5758 (n=5758)

nt=26894 (n=35728)

|

Figure 1.

AD: DLB: FTD: VaD: Normal:
nt=7519 nt=236 nt=626 nt=45 nt=18468
(n=1899) (n=65) (n=168) (n=13) (n=3583)

Flowchart of inclusion and exclusion criteria, n=number of subjects, nt=total number of
visits/observations.
* Excluded if diagnosis of vitamin B12 deficiency, thyroid disease, alcohol abuse, other

substance abuse, Down syndrome, Huntington disease, traumatic brain injury,

hydrocephalus, central nervous system neoplasm, bipolar disorder, schizophrenia, anxiety,

delirium, post-traumatic stress disorder, other major psychiatric illnesses, cognitive

impairment due to alcohol abuse, cognitive impairment due to systemic disease/medical
illness, cognitive impairment due to medications, brain cancer or CDR sum of boxes score
greater than 16 at first qualifying visit
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Figure 2.

Plots of Predicted Mini-Mental State Examination (MMSE, black) and Clinical Dementia
Rating Sum of Boxes (CDR-SUM, gray) scores vs time in months since baseline for patients
with recent/active hypertension (solid lines) vs. remote/inactive/absent hypertension (dashed
lines) for (a) Alzheimer’s disease (AD), (b) dementia with Lewy bodies (DLB), (c)
frontotemporal dementia (FTD), (d) vascular dementia (VaD), and (€) normal patients.
Predictions for MMSE and CDR-SUM scores based on average demographic characteristics
of patients from the longitudinal sample at baseline: white female, age 71.7, 15.4 years of
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education, BMI of 27.0, smoked for 9.7 years, with remote/inactive/absent atrial fibrillation,
diabetes, and hypercholesterolemia.
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