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ABSTRACT

Introduction: Blood pressure and perfusion of the brain are central components of neurological health that are
often influenced by Heart Failure. However, the connection between blood pressure and the development of
dementia is not clearly understood.

Aim of the study: The aim of this retrospective study was to assess blood pressure trends in older heart failure
patients and evaluate whether they developed dementia over the course of a five-year period.

Methods: This retrospective case-control study analyzed blood pressure changes preceding the diagnosis of dementia
in patients over the age-of-60. Blood pressures were obtained from the date of dementia diagnosis, and then one-year
and five years before diagnosis. Study “controls” were age-matched patients without dementia, using the mean-age-of
dementia diagnosis as the first data point.

Results: 67.2% of patients with a dementia diagnosis had experienced a decrease in systolic pressure up to 5-years
prior to their diagnosis, as compared to 46.6% of patients who had not been diagnosed by the same age. Similarly,
in the one-year preceding the diagnosis, 62.7% of patients with dementia showed a decreasing systolic pressure over
the time period, as compared to 50.0% of those who did not develop dementia. Additionally, there was a significant
difference (p<0.001) in the dementia rates between African American and Caucasian subgroups (55.0% African
Americans vs. 31.0% Caucasians).

Conclusions: Patients with dementia were more likely to have decreasing systolic pressure trends compared to
age-matched patients without dementia and appeared to have significantly lower systolic pressures one-year-before
dementia diagnosis. Lower systolic pressure can potentially reduce the perfusion pressure of the brain and cause
subtle cerebral ischemia, leading to cognitive decline. It is very important that healthcare providers monitor these

trends and risk factors as they manage blood pressures in geriatric patients.
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INTRODUCTION

Dementia is a complex disease with multifactorial pathogenesis
that carries a significant disease burden on society. It was estimated
that in 2014, nearly 5 million of those 65-years and older had
been diagnosed with dementia in the United States, an amount
that is projected to nearly double by 2030 [1]. The complex myriad
of risk factors that lead to the onset of dementia is not entirely
understood but it is clear that cerebral perfusion and associated
blood pressure plays a role in the health of the brain and the
development of dementia [2]. This important relationship has been
demonstrated at several points within the lifecycle of humans. For
example, it has been shown that hypertension and prehypertension

in midlife significantly increase the risk of dementia later in life
[3,4]. Additionally, higher rates of dementia have been associated
with both the persistence of elevated blood pressure in later life
and a rapid decline in blood pressure during the same time period
[4]. Further evidence has shown that even day-to-day variability of
blood pressure in those greater than 60 years old may also i.e remove
- confer greater risk of dementia [5]. It is likely that the influence
blood pressure carries in cerebral health is mediated by changes in
perfusion of cerebral tissue. It has been previously demonstrated
that declining blood pressure may cause hypoperfusion of cerebral
tissue, potentially leading to decreased gray matter volume and
cerebral dysfunction [2,6].
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Heart failure is understood as a condition in which the heart is
unable to adequately perfuse the body at normal physiologic
pressures. Data from 2018 show that there were approximately
1 million new cases of heart failure in the U.S. with increasing
incidence associated with increasing age [7]. In several regions of
Europe, the prevalence of hypertension in heart failure patients
has been estimated between 43-72% [8]. In opposition to the well-
established linear relationship between elevated blood pressure
and the risk of cardiovascular events in the general population,
analysis of heart failure patients has demonstrated a J-curve for
all-cause mortality, with both upper and lower ends of the blood
pressure curve leading to higher mortality [8,9]. This leads to the
postulation that in this unique population low systolic blood
pressure may be harmful or, alternatively, a marker of severe
disease. Therefore, those with heart failure may be at greater risk
of the effects of hypoperfusion on cognitive health compared to
individuals without heart failure.

It has been previously demonstrated that heart failure patients
have a greater rate of all-cause dementia compared to the general
population [10-13]. One Danish nationwide study demonstrated
that patients with heart failure had about a 20% greater risk of
all-cause dementia compared to the general population [10]. An
additional study has shown that latelife heart disease, including
heart failure, were associated with higher risk of dementia and
Alzheimer’s disease [11]. In addition, the presence of heart failure
and low diastolic blood pressure has been shown to additively
increase the risk of dementia and Alzheimer’s disease [12]. Finally,
low cardiac index has been linked to increased rates of dementia
with increasing risk for each subsequent standard deviation below
the mean [13].

While these studies demonstrate a clear connection between heart
failure and dementia, the mechanism is not entirely established.
In the present study, we sought to clarify whether sudden changes
in blood pressure in heart failure patients may be linked to rates
of dementia diagnoses. Our overarching hypothesis was that a
reduction in blood pressure below a person’s baseline can cause
neuronal damage and lead to long term cognitive decline. We
therefore performed a retrospective analysis of data to look at
trends in blood pressures, investigating whether there would be
a greater reduction in blood pressure in the years preceding a
diagnosis of dementia compared to age-matched controls that did
not develop dementia.

This study is important because the effect of a decrease in blood
pressure on the brain is not as well-appreciated as that of an
increase in blood pressure. The emphasis in the past has always
been to reduce blood pressure without considering the possibility
that in some instances it could also lower perfusion pressure of
the brain. This is particularly important in older individuals who
are already pre-disposed to developing cognitive impairment or
different types of dementia. Since we wanted to study changes in
blood pressure before the diagnosis of dementia, we were limited
to a retrospective design even with its limitations of missing data
and many variables. Nevertheless, we did have significant results
from this study and demonstrated clearly that in patients with
dementia, there was a significant reduction in systolic blood
pressure at five years and at one-year preceding diagnosis. This is
clinically relevant information, supporting the need for healthcare
providers, patients, and caregivers to monitor changes in blood
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pressure and pay attention to the connection between low blood
pressure, cerebral perfusion and changes in cognition.

RESEARCH METHODOLOGY

This was a retrospective study wherein the University of Arkansas
for Medical Sciences (UAMS) Data Warehouse was commissioned
in 2017 to extract the records of heart failure patients seen at a
geriatric outpatient clinic in Little Rock, Arkansas from 2011 to
2016. The study was approved by the local Institutional Review
Board (Protocol#134775). The UAMS Data Warehouse request
generated a list of 281 patients over the age-of-60; we then
retrospectively assessed the Electronic Medical Records (EMR)
of these patients, 109 of whom had a diagnosis of dementia
documented in their record. The mean age of the patients at
the time of dementia diagnosis was 81 + 7.3 yrs. All diagnoses
of dementia were included in the study and no sub-types were
excluded. No patients were contacted during the course of the
study and all data were extracted directly from the records. Patient
demographics are displayed in Table 1.

We aimed to evaluate decreasing blood pressure trends in the years
preceding a dementia diagnosis in patients with heart failure to
help provide more insight into the influence that heart failure and
cerebral perfusion may have in the development of dementia. Our
primary goal was to examine if there were a reduction in systolic or
diastolic pressures at some point before dementia was diagnosed.
Our secondary goal was to investigate whether the decrease in
blood pressures was significantly different between patients who
later developed dementia or patients of the same age range who did
not develop dementia.

For patients with a diagnosis of dementia, systolic and diastolic
blood pressure values were extracted from the EMR on the date
dementia was added to the patient problem list (T ), one-vyear
prior to diagnosis (T-1), and five years prior to diagnosis (T-5). If
blood pressure values for the date of dementia diagnosis were not
available, the patient was not included in analysis. Patients who did
not have a diagnosis of dementia were age-matched using the mean
age at diagnosis for dementia patients. This mean age was used to
delineate the first blood pressure data point (T) in the patients
without dementia, while additional blood pressures for this group
were obtained one-year (T-1) and five years (T-5) preceding T. If
data were not available for the appropriate age match, the closest
data point that approximated an age-matched T that also allowed
capturing blood pressure values at least one-year prior to this time

Table 1: Demographics, including gender, race, and mean age-of patients
included in the analysis. Mean age-of patients was recorded as the age at
which dementia was diagnosed. The control group of patients without
dementia was age-matched with the dementia group.

Patient demographics

Parameters Dementia Without Dementia
Mean age = SD 81+73 80.4 £5.4
Gender, N
Female 84 131
Male 25 41
Race, N
African American 50 41
Caucasian 59 131
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point was utilized. If values were available for T-1 or T-5, but not
both, patients were still included in the analysis but only for the
available data points. By this method, the non-dementia patient
means age was -80.4 * 5.4-yrs. All subjects were age-matched within
the data range. Descriptive statistical analysis was performed in
Excel. Graphs, Chi-Square analysis, and odds ratio calculations
were generated with GraphPad Prism.

RESULTS

At the conclusion of data extraction, a total of 201 patients had
data available for at least the 1-year period preceding the diagnosis
of dementia. 80 of the original 281 patients did not have any pre-
diagnosis data available and were not included in the analysis. Of
the remaining 201, only 164 patients had available data for the full
five-year pre-diagnosis period. Changes in blood pressure over each
time period were calculated individually for each patient. Statistical
analysis of blood pressure values revealed that the mean change
in systolic blood pressure over the five years preceding dementia
diagnosis was -9.8 + 24.4 mmHg, while patients without a diagnosis
of dementia showed a mean change of 0.35 + 30.0 mmHg, a
statistically significant difference (p=0.001) (Figure 1, Table 2). The
mean change of systolic blood pressure over the oneyear preceding
dementia diagnosis was -8.1 + 21.6 mmHg, compared to a mean
change of 0.64 + 21.6 mmHg for those without dementia (p=0.001).

Further analysis revealed that 67.2% of patients that developed
dementia showed a decline in systolic blood pressure over the
five years preceding diagnosis, while 46.6% of the group without
dementia showed a decline over the same time period (Table 3).
Additionally, 67.2% of patients with a dementia diagnosis showed
a decrease in diastolic blood pressure over the previous five years,
compared to 51.0% of those without dementia over the same
period. 62.7% of those with dementia showed a decreasing systolic
blood pressure over the oneyear period preceding diagnosis,
compared to 50.0% of the group without dementia. Finally,
52.2% of patients with dementia showed a decrease in diastolic
blood pressure over year preceding diagnosis, compared to
50.0% of those without dementia. However, these changes in
diastolic pressures were not found to be significant between the
groups. Figure 1 displays the progressions of the mean systolic
blood pressure for each study group over the five years preceding
dementia diagnosis or comparable date for those without dementia.
Odds ratio calculations revealed the odds of dementia patients to
have had a declining systolic pressure over the five years preceding

diagnosis to be 2.35 (CI (95%)=1.21-4.45).

Table 2: Mean change in systolic and diastolic blood pressures for the
“With Dementia” and “Without Dementia” groups from 5-years (or
1-year) prior to diagnosis. The control group of patients without dementia
was age-matched with the dementia group.

Blood pressure change preceding diagnosis

Variables Sy?:::;c;g)SD Di'ﬁ:::;z)SD
5-years prior to diagnosis
With Dementia 9.8+244 5.0+12.7
Without Dementia 0.35 +30.0 0.31£16.7
1-year prior to diagnosis
With Dementia 8.13+21.6 3.1+10.3
Without Dementia 0.6 +£21.6 0.19+11.9
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Figure 1: Trends in systolic blood pressure change over a five year period
before the diagnosis of dementia. Patients with dementia had a sharp
reduction in systolic blood pressure one year preceding the diagnosis of
dementia vs. those without dementia, in whom the systolic blood pressure
remained stable. # p<0.001 Difference in systolic blood pressure in
patients with dementia vs. non-dementia over five years prior to diagnosis.
* p<0.001 Difference in systolic blood pressure in patients with dementia
vs. non-dementia over one year prior to diagnosis. T=0 is the time period
during their clinical follow-up when patients were either diagnosed with
dementia or did not have that diagnosis in their chart. The control group
of patients without dementia were age-matched with the dementia group.

Table 3: Percent of patients in the “With dementia” or “Without
dementia” group with decreasing systolic or diastolic blood pressures at
5-years or l-year prior to diagnosis. The control group of patients without
dementia was age-matched with the dementia group.

Patients with decreasing blood pressures prior to diagnosis

Variables Systolic (%) Diastolic (%)
5 years prior to diagnosis
With Dementia 67.2% 67.2%
Without Dementia 46.6% 51.0%
1 year prior to diagnosis
With Dementia 62.7% 50.0%
Without Dementia 52.2% 50.0%

Differences between African Americans and Caucasians

An additional analysis was performed to compare the rates of
dementia amongst racial groups, specifically African Americans
and Caucasians. Descriptive statistics revealed that 55.0%
(50/91) of African Americans in this data set developed
dementia. In comparison only 31.0% (59/131) of Caucasians
developed dementia (Figure 2). Odds ratio calculation for African
American development of dementia was calculated to be 2.71 (CI

(95%)=1.625-4.487).

Of the African American patients, 59.4% of those who developed
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dementia had a decrease in systolic and diastolic pressure over the
five-year pre-diagnosis period compared to 41.4% those in the group
without dementia. Of the Caucasian patients, 75.9% of those with
dementia had a decrease in systolic and diastolic pressure over the
five-year period compared to 48.7% of patients without dementia.
In comparison, 68.6% of African American patients with dementia
had a decrease in systolic and diastolic pressures over the one-year
period compared to 47.1% of those without dementia, while only
54.5% of Caucasian patients with dementia had a decrease in
systolic and diastolic pressures over the one-year period compared
to 51.0% of Caucasian patients without dementia.

Further analysis by racial subgroup showed a mean reduction in
systolic blood pressure over five years of -6.8 + 25.8 mmHg and over
the one-year period of -10.4 + 21.2 mmHg for African American
patients preceding the diagnosis of dementia. In comparison, the
mean reduction for Caucasians was -13.2 + 22.7 mmHg over five
years and -5.6 + 22.1 over the onevyear period. The changes in
the mean systolic blood pressure for each subgroup are displayed
in Figure 3. Comparison of African American versus Caucasian
mean change revealed a statistically significant difference over the
five-year period (p<0.001), but not the one-year period (p=0.26).
Changes in the mean diastolic blood pressure were not significant
between the subgroups.

DISCUSSION

This study analyzing the blood pressure trends preceding a
diagnosis of dementia in heart failure patients found that those
patients that developed dementia were more likely to have
experienced a decrease in both systolic and diastolic blood pressure
over the five-year period preceding dementia compared to those

Figure 2: Proportion of patients diagnosed with dementia vs. those who
had no dementia diagnosis in African Americans and Caucasians. A
higher percentage of African Americans had a diagnosis of dementia listed
in their medical record compared to Caucasians (O.R.= 2.71).
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Figure 3: Five year trends in systolic blood pressure changes before a
dementia diagnosis in African Americans vs. Caucasians. Caucasians
experienced a greater overall reduction in systolic blood pressures over
the five years preceding the diagnosis of dementia compared to African
Americans (#=p<0.001). However, African Americans had a greater
reduction in systolic pressures during the last year before dementia
diagnosis compared to Caucasians (NS = non-significant). T=0 is the time
period during their clinical follow-up when patients were either diagnosed
with dementia or did not have that diagnosis in their chart. The control
group of patients without dementia were age-matched with the dementia

group.

without dementia of a similar age (OR=2.35). Lip et al. and Schmid
et al. both describe that in heart failure patients, the relationship
between all-cause mortality and blood pressure demonstrated
a J-curve, meaning both those with exceptionally low and high
blood pressure were at greater risk of mortality [8,9]. An additional
study showed that higher systolic blood pressure was a favorable
prognostic factor in congestive heart failure [14]. It is possible that a
similar relationship exists for the onset of dementia. In the current
retrospective study, a decline in cognitive health was associated
with a decreasing systolic blood pressure. Whether this decrease in
systolic pressure is a marker for severe disease, comorbid illness, or
an alternative hypothesis is difficult to say with the available data,
but an odds ratio of 2.35 is not insignificant and requires further
investigation.

Additionally, it was determined that the mean changes in both
fiveeyear and one-year systolic blood pressure for patients with
a diagnosis of dementia and those without dementia were
statistically significant at the 99% confidence interval (p=0.001).
This demonstrates that not only were patients with dementia more
likely to have a decreasing systolic blood pressure, but they were
also more likely to have a greater magnitude of decline compared to
those without dementia. Furthermore, analysis also demonstrated
that the magnitude of blood pressure changes for dementia
patients revealed a more rapid decline over the oneyear period
compared to the five-year period. This is illustrated by the change
of systolic blood pressure, as the five-year difference was -9.83 +
24.4 mmHg while the change over the onevyear period was -8.1 *
21.6 mmHg. This indicates that a more than 80% of mean change
in systolic blood pressure for these patients occurred in the one-

4
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year preceding dementia, a phenomenon displayed well in Figure
1. The reason for the decline in systolic blood pressure cannot be
determined clearly from our retrospective data. However, based on
other foundational research regarding the hypoperfusion of the
brain and the onset of dementia, it is plausible that such a decrease
in systolic blood pressure could contribute to the pathogenesis
of dementia in certain patient populations [2]. Additionally, this
observation that rapidly declining systolic blood pressure during
later-life may precede dementia is in concordance with findings of
McGrath et al [4]. Because heart failure is a syndrome of chronic
hypoperfusion and cyclical compensatory changes, it is likely that
this population of patients would be at greater risk of the effects of
declining blood pressure.

Alternatively, because we now know that the dementia process
often begins more than 10 to 20 years earlier, it may be that the
reduction in systolic blood pressure onevyear before the clinical
diagnosis is made may actually herald a progression in the stage of
the cognitive impairment to a more advanced level [15,16].

An additional finding worthy of discussion is the disparity of
dementia rates among African Americans and Caucasians in this
data set. It was found that those who developed dementia were
significantly more likely to be African American than Caucasian
(OR=2.71). These groups were not determined to be statistically
different in mean age or BMI, although it was identified that
African Americans had significantly higher rates of hyperlipidemia
(78.0% ws. 24.7%) and hypertension (94.5% wvs. 83.7%), two
known risk factors for dementia, as compared to Caucasians. It
was determined that of those who developed dementia, Caucasians
experienced a significantly greater five-year magnitude of change in
mean systolic blood pressure compared to their African American
counter parts (-13.2 + 22.7 vs. -6.8 £ 25.8; p<0.001), while the one-
year magnitudes where not significantly different (-10.4 + 21.2
vs. -5.6 + 22.1; p=0.26). Inequalities of dementia incidence have
been demonstrated before as Mayeda et al. have previously shown
that the incidence of dementia is higher in African Americans
at 26.6/1000 compared to 19.3/1000 in Caucasians [17]. The
significance of social determinants of health, such as race, are often
difficult to integrate into our understanding of a disease process,
but it is crucial that we be aware of disparities in rates of disease
and the influence that distal risk factors have on our patient’s
health. In this case, African Americans had a significantly higher
rate of dementia compared to their Caucasian counterparts. It is
possible that this is due to greater rates of co-morbidities such as
hypertension and hyperlipidemia. Even so, health care providers
should be aware of this trend and work to mitigate these and other
risk factors in order to diminish such disparity.

Healthcare providers are generally good at monitoring increases in
blood pressure, but they may often fail to note downward trends
in systolic blood pressure, or they may consider the decrease in
blood pressure benign. However our data from this retrospective
study shows it is very important for providers to monitor any
downward trends in systolic pressures because it can precede the
development of dementia even over a short duration of five years.
Patients and caregivers also need to be aware of the risks associated
with a reduction in blood pressure. Sometimes the reason for
low blood pressure may include an illness leading to weight
loss, an inappropriate regimen of blood pressure medications,
polypharmacy, or cardiac conditions such as heart attack or
exacerbation of heart failure. From this retrospective study, we did
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not have sufficient information to look at all of the potential causes
of low blood pressure or cognitive decline for all of these patients.
However, regardless of the cause of reduced systolic blood pressure,
healthcare providers and caregivers need to be monitoring these
patients for subtle changes in cognition if there is an unusual
drop in systolic blood pressure due to medications or comorbid
conditions.

Limitations and strengths of the study

The limitations of this study included its retrospective nature
and the small sample size from a largely rural area in the United
States. These limitations dictated what data and during what time
intervals data were accessible from the patient records as well as
restricting how representative the sample population was of the
entire country.

Nonetheless, this study demonstrated a few strengths. These
strengths included a more even diversity than the national average,
as African Americans made up 45% of our study cohort as
compared to 12% on a national level. Additionally, the primary
clinic from which these retrospective data derived is one of the
largest geriatric out-patient clinics in the country. Geriatricians
may screen more often for dementia compared to other primary
care providers, possibly allowing our data to be a more diverse and
thorough representation of the local community.

CONCLUSIONS AND RECOMMENDATIONS

Dementia and heart failure are both complex diseases with a
multifactorial pathogenesis. They are both diagnoses that exert
a significant burden on society and warrant the attention of
physicians and scientists. The phenomena highlighted in this report
are important to propel the discussion of a multisystem approach
to dementia and the influence of low blood pressure in heart
failure. It is possible that subjects in the dementia group had some
cognitive impairment for years before their diagnosis. However,
the decline in systolic blood pressure could have contributed to
worsening of their cognition. We hope that providers will have
greater awareness of the potential dangers of lowering blood
pressure too aggressively in elderly patients and be cognizant of the
fact that African Americans may be at greater risk of developing
dementia compared to their Caucasian counterparts.
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