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Abstract

Comorbid hypertension and diabetes adversely impact memory, increase cognitive decline, and increase risk of
developing dementia of the Alzheimer’s type. Given population aging and rising obesity rates, both conditions are
expected to increase in the near future. The cognitive reserve hypothesis suggests that education may buffer negative
effects of hypertension or diabetes on cognition. In line with this hypothesis, the goal of this study was to determine
whether educational attainment moderates the effect of diabetes and hypertension on cognition, using the 2008 wave of
the Health and Retirement Study (n=10,258 adults aged 65 and above). Further, this study seeks to elucidate the
deleterious mechanisms on the brain caused by hypertension and diabetes. The mean age of the sample was 74.6 years;
58% were female, and average education was 12.26 years. Hierarchical ordinary least squares multiple regression
techniques were used. Results show diabetics who take oral medications (especially in combination with insulin) score
lower on cognition than non-diabetics. The analyses controlled for age, sex, race, self-rated health, ADLs, smoking status,
alcohol use, income, and exercise. The study found that education (measured in years but not in degree categories)
moderates the effect of diabetes on cognition for diabetics using both oral medications and insulin (t=2.13, p>.038). Thus,
it lends very limited if any support to the cognitive reserve hypothesis. It also raises concerns about potential cognitive

side effects diabetes medications.
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Introduction

Hypertension and diabetes are two very common
conditions among the older population. Thus, for public
health purposes, it is important to understand their
impact. Explicitly, 73 million Americans have
hypertension, and incidence increases with age, affecting
more than two-thirds of American adults aged 65 years
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and older [1]. Moreover, current estimates indicate that
23% of people aged 60 and older have type 2 diabetes,
and its prevalence is rising, with the most significant
increases seen in individuals 65 and older [2]. These
conditions are also extremely costly to our healthcare
system. Specifically, over $47 billion were spent on
diabetes care within the older population in 2002, with
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costs for hypertension accumulating to over $93.5 billion
in 2010 [3,4].

Both hypertension and diabetes are health conditions
that have been linked to deficits in brain function that
adversely affect cognition [5,6]. The incidence of
dementia and cognitive impairment are increasing, so
understanding how diabetes and hypertension may
contribute to cognitive impairment is important to
policymakers and public health  professionals.
Furthermore, previous research has indicated the
sharpest declines in cognitive ability are seen in those
who have comorbid hypertension and diabetes [5-8].
Specifically, studies have shown that comorbid
hypertension and diabetes affect memory, [9] recall, [5]
increase the rate of cognitive decline, and increase the
risk of developing Alzheimer’s and the other dementias
[7]- This is a concern because dementia is a progressive
loss of brain function with severe consequences on health
status, quality of life, and financial wellbeing for the
person with the disease and his or her family and
caregivers. Currently approximately 5.2 million people
are living with Alzheimer’s and other dementias in the
United States; approximately one out of eight older adults
have Alzheimer's disease [10]. By 2025, this is expected to
increase by 30% when 6.7 million older Americans will be
living with Alzheimer’s disease and other dementias [11].
Moreover, payments for dementia care services to health
providers are estimated to be around $200 billion in the
United States, including $140 billion in costs to Medicare
and Medicaid [11]. Thus, discovering how to prevent
cognitive decline and dementia is a major focus of
researchers, policymakers, and stakeholders.

One potential buffer of cognitive decline documented
in the literature is educational attainment [12,13]. The
effects of hypertension and diabetes on the brain have
been previously explored, but not how educational
attainment may moderate the effect of hypertension and
diabetes on the brain. Thus, this study will highlight how
educational attainment, a potential protective factor,
moderates the effects of hypertension and diabetes on
cognition. Further, this study seeks to elucidate the
mechanism of pharmacological interventions used in
treating hypertension and diabetes and the physiological
effects of hypertension and diabetes on cognition.

Literature Review

Cognitive Decline Overview

The effects of diabetes and hypertension on cognition
have been previously explored in scientific literature
[6,14-21]. However, the exact mechanisms by which
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diabetes and hypertension affect cognition are not well
understood, nor are potential protective mechanisms
such as educational attainment that may buffer against
cognitive decline. Previous research has discovered some
possible biological effects that may lead to cognitive
decline such as atrophy of gray and white matter in the
prefrontal lobes and increased plaque formation in the
hippocampus area of the brain [3,8,14,22-25].
Additionally, some oral medications used to control
hypertension and diabetes have been linked to enhanced
cognitive decline [23,26]. Conversely, achieving a high
level of education is documented in the literature as a
protective factor in helping slow the rate of cognitive
decline [12,13,27-29].

Hypertension/Diabetes
Cognitive Decline

& Relationship to

Physiological Factors: Uncontrolled and controlled
hypertension have an adverse biological effect on
cognitive function that is independent of normal aging
[6,14-21]. Hypertension has been shown to accelerate the
effects of aging on brain structures [25] and is associated
with a faster rate of progression of cognitive decline [14].
The decline in cognitive function among individuals with
hypertension can be somewhat attributed to physical
effects on the brain resulting from hypertension, which
include lower brain weight [14] due to atrophy of gray
and white matter in the prefrontal lobes [25], increased
plaque formation in the hippocampus area from elevated
systolic blood pressure in middle age, increased
neurofibrillary tangles in the hippocampus area from
elevated diastolic blood pressure in middle age, and
atrophy in the hippocampus [14].

Similar to studies on hypertension and cognitive
decline, there are a number of studies that focus on the
relationship of diabetes to cognitive decline [8,3,22,23].
Specifically, diabetes is associated with lower Mini Mental
Status Exam scores, impairments in executive function,
inability to use organizational and planning skills
appropriately, younger age of onset of cognitive decline,
and more rapid cognitive decline [3,8]. Some researchers
hypothesize that the cognitive declines associated with
diabetes occur via the mechanism of formation of
advanced glycation end products (AGEs) [22]. “Advanced
glycation end products (AGEs) are proteins or lipids that
become glycated after exposure to sugars” [30]. Advanced
glycation end products form during the normal aging
process, but diabetes is known to accelerate the process
of formation of these products, causing the development
of atherosclerosis [22,30]. Furthermore, some studies
indicate that diabetes is associated with extensive sub-
cortical atrophies and white matter lesions impeding
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cognitive processes [8,31]. Research also indicates that a
possible mechanism by which hypertension and diabetes
lead to cognitive decline by causing small vessel disease.
Small vessel disease can lead to the development of
infarcts that cause formations in neural pathways,
thereby creating deficits in cognitive ability [27,31].

Medication Use: Diabetics using oral medications may
experience adverse effects, including greater impairments
in cognition [23,26]. Specifically, some oral diabetes
medications have long half-lives and may contribute to an
increased risk of falls, hypoglycemia, and noticeable
cognitive impairment in all domains [26]. Also, some
studies have reported that the use of medications that
reduce blood glucose level can raise the risk of cognitive
impairment in older adults [23].

Conversely, other studies about hypertension and
diabetes medication use have reported improvements in
cognition [32]. Plastino, et al. (2010) [32] found that
insulin therapy for diabetics could be effective in slowing
cognitive decline in people with Alzheimer’s disease.
Furthermore, Chang-Quan, et al. (2011) [33] found that
those with hypertension who take antihypertensive
medication had a lower incidence of dementia than those
who do not take antihypertensive medications. Wu, et al.
(2003) [34] found that among older Mexican-Americans
with diabetes, diabetic medications slow and even
prevent decline in cognitive functioning, particularly for
individuals with a longer disease duration.

Other Factors that Affect Cognitive Decline: Age is one
of the most common risk factors associated with cognitive
decline [35]. Most people with Alzheimer’s disease or
other dementias are 65 or older; the odds of developing
dementia double approximately every five years beyond
age 65 [10]. After reaching age 85, there is a 50% risk of
developing Alzheimer’s disease or other dementia [11].

Gender is a factor that enhances the risk for cognitive
decline. Several studies have reported that cognitive
decline and dementia are more prevalent in women than
in men [10,36,37]. This finding is thought to be related to
longevity, as women tend to live longer than men on
average, giving them more time to develop cognitive
impairment and Alzheimer’s disease [36].

Race is another risk factor for cognitive decline.
Studies have indicated that there is an increased risk of
Alzheimer’s disease and the other dementias for both
African-Americans and Hispanics compared to whites
[10,11,36,37]. African-Americans and Hispanics have
elevated incidence of vascular disease. Therefore, the risk
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of Alzheimer’s disease and other dementias increases
[10,11]. African-Americans are four times more likely to
develop Alzheimer’s disease or another type of dementia
by age 90, while Hispanics are twice as likely to develop
Alzheimer’s disease or another type of dementia by age
90 compared to whites [36,37]. Asian-American
prevalence rates of dementia are similar to those of
whites [36].

Some risk factors for cognitive decline, such as alcohol
consumption can be modified to maximize health benefits.
Some studies on alcohol consumption have shown that
light to moderate consumption (2-4 drinks or less per
day) reduces the risk of cognitive impairment, dementia,
and Alzheimer’s disease [38], improves cognition [39],
and improves subjective wellbeing [25]. Researchers
hypothesize moderate alcohol consumption improves
cognition because it provides a protective effect on
cardiovascular risk factors [25]. However, this protective
effect found may be restricted only to the effects of
resveratrol found in red wine [38]. Alcohol consumption
has also been linked to the risk of cognitive decline
[25,38,39]. Research indicates that excessive alcohol
consumption over time may increase the risk for
dementia, stroke, and mortality [10,38,]. Science suggests
this might be due to the inability of older adults to
metabolize alcohol properly and their increased
sensitivity to the effects of alcohol [25].

Cigarette smoking has also been linked with decline in
cognitive function [38]. Recent prospective cohort studies
have shown connections between those who smoke and
increased risk for Alzheimer’s disease [38]. Results of one
study found that heavy smoking predicted a younger age
of onset of developing Alzheimer’s disease [38]. Further
research in this area is necessary to determine causal
influence.

Lifestyle factors, such as nutrition/diet and regular
exercise have been studied as risk factors for cognitive
decline [25,10]. Consumption of fruits and vegetables, and
foods rich in antioxidants, is known to lower the risk of
cardiovascular disease, thus lowering the risk of cognitive
decline [25,10]. Studies have evaluated vegetables and
fruits containing the antioxidants of vitamins C and E,
flavonoids, and carotenoids; these findings suggest that
consuming leafy green vegetables such as spinach and
kale is strongly associated with maintaining and even
improving cognition [25]. Conversely, diets high in
saturated fats and low-density lipoprotein (LDL)
cholesterol can clog arteries, cause cardiovascular
disease, and thus increase the risk for Alzheimer’s disease
and other dementias [10].
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A positive relationship between exercise and cognition
in older adults has also been well established [25,40].
Exercise is defined as physical activity that keeps the
heart rate up consistently for at least 30 minutes [25].
Exercise increases cognitive capacity in older adults by
building up greater levels of cognitive reserve, which
helps reduce the risk for Alzheimer’s disease and the
other degenerative dementias [40].

Gaps in the Literature

Although there has been a lot of research about the
effects of hypertension and diabetes on the brain, none of
it addresses the potential moderating factor of
educational attainment on hypertension and diabetes and
its relationship to cognition. Notably, some studies only
focus on hypertension and cognition [14-20,25], while
other studies only focus on diabetes and cognition
[8,3,22-24], not the two conditions together.
Furthermore, there is limited literature on the effects of
diabetes and hypertension medication on cognition,
though the literature also establishes some degree of a
relationship between these factors [23,26,41,42].

Conceptual Model

Model Summary

The conceptual framework for this study was
developed from the literature that was reviewed. Both
hypertension and diabetes have been linked to deficits in
brain function in the literature, demonstrating a direct
effect on cognitive function. Furthermore, diabetic
medication use has also been reviewed as a potential
factor in cognitive impairment, demonstrating a direct
effect of medication use on the brain. Alternatively, the
literature highlights that educational attainment may
protect the brain against cognitive decline. Thus, the
model predicts that educational attainment will moderate
the effect of hypertension and diabetes on the brain and
educational attainment will have a direct effect on
cognition. Race/ethnicity, age, gender, BMI, income,
smoking status, alcohol use, exercise, activities of daily
living index, and self-reported health are all known to
affect cognition, thus all are used as covariates in this
model.

Theories

Hypertension, Diabetes, Medications, and

Cognitive Decline

Both hypertension and diabetes are known to affect
the brain adversely by causing small vessel disease
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leading to infarcts, brain atrophy, and white matter
lesions as discussed in the literature review [8,27,31].
Based on this, I hypothesize that hypertension and
diabetes will have a direct effect on cognition, by
decreasing total cognition score.

Medication management for diabetics is a vital
element of living with the disease. Large clinical trials
have demonstrated the need for glycemic control among
diabetics [43]. Effective glycemic control involves eating
healthy, managing weight, regular exercise, blood sugar
monitoring, and proper medication management, which
may include oral medication and/or insulin treatment
[43]. However many older diabetics do not maintain
glycemic control effectively. Some earlier work has
demonstrated that poor glycemic control leads to poorer
cognitive function, whereas some other studies suggest
that cognitive function and education level affects the
ability to achieve proper glycemic control [43]. Theory is
still being developed in these areas, as most studies have
made conclusions based on small samples and limited
methodology.

Given limited theoretical background regarding why
diabetes and hypertension medications impair or improve
cognition, some explanations have been offered. One
explanation why medication use may impair cognition is
that some oral diabetes medications have long half-lives,
staying in one’s system for an extended period of time,
thus contributing to noticeable cognitive impairment in
all domains [26]. Furthermore, some researchers
hypothesize that medication effects may just be a
temporary side effect. For example, Sommerfield, et al.
(2004) [44] found that diabetics experienced impaired
cognitive function and deterioration in mood during acute
hyperglycemic episodes. After critically reviewing the
limited available literature, I hypothesize that diabetics
taking both oral medications and insulin to treat their
diabetes will have lower cognition scores compared to
non-diabetics.

Education as a Buffer for Cognitive Decline

The literature highlights two main theories on the role
of educational attainment on cognition. The most widely
recognized hypothesis about educational attainment and
cognition is the cognitive reserve hypothesis [12,13,27-
29,45,46]. The cognitive reserve hypothesis states that
people with dementia who have high levels of educational
attainment have higher functioning levels of cognitive
resources such as memory and problem solving skills
[12]. These resources can offset the effects of declines in
brain structure [29] and lessen the impact of
neuropathological lesions on cognition [46] better than in
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those individuals with lower levels of educational
attainment [13]. The literature indicates that this is
because education promotes greater levels of neural
network connectivity [29] and higher synaptic density
and efficiency that allow for better coping with cognitive
decline during the neurodegenerative processes [13,27].
Moreover, clinical manifestation of cognitive impairment
will occur later among people who have high levels of
educational attainment [13]. Supporting the cognitive
reserve hypothesis, Fritsch, et al. (2002) [12] found that
high educational attainment slows the rate of decline in
people who have Alzheimer’s disease, and Stern, et al.
(1995) [28] found that education provides a reserve
against the clinical presentation of pathology in
Alzheimer’s disease.

Based on the literature reviewed, I believe that the
cognitive reserve hypothesis will be confirmed within this
study. The cognitive reserve hypothesis explains why
individuals with higher levels of educational attainment
are at lower risk of developing cognitive impairment.
Therefore, the effects of hypertension and diabetes on
cognition should vary by educational attainment level,
indicating higher cognition scores for those with higher
levels of education. Educational attainment should have a
significant moderating effect on hypertension and
diabetes’ effects on cognition as the conceptual model
predicts.

A second theory about the relationship between
educational attainment and cognitive decline is the brain-
battering hypothesis, sometimes also referred to as the
“socioeconomic hypothesis” [12,13,27]. The brain-
battering hypothesis asserts that individuals with higher
levels of educational attainment have been subjected to
fewer toxins [12], have fewer cardiovascular risk factors
[12,13], have superior access to quality health care
[12,13,27], and lead healthier lifestyles by eating more
nutritiously and engaging in exercise more often than
individuals with low educational attainment levels
[12,27]. Brain-battering suggests that these factors may
protect the brain from pathological lesions that cause
cognitive decline [12,13,27].

Supporting the brain-battering hypothesis, Del Ser, et
al. (1999) [27] and colleagues studied autopsied brains of
those with Alzheimer’s disease and found that people
with less educational attainment had a higher presence of
vascular lesions than those with higher levels of
educational attainment. If this theory is confirmed in the
study, there will be a parallel effect showing a direct effect
of education on cognition as the conceptual model figure
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shows. Therefore, my hypothesis that higher levels of
educational attainment reflect higher cognition scores
will be supported. Based on the model, it will mean that,
holding all covariates constant, there will still be a
relationship present, showing that educational attainment
is predictive of better cognitive performance. This is
consistent with the brain-battering hypothesis.

Controls

Common risk factors for diabetes and hypertension
demonstrate the need to control for specific variables in
the statistical model. Weight (measured by BMI), lack of
physical activity, race/ethnicity, and age are the most
common risk factors for diabetes and hypertension
[25,36,40,47]. African-Americans and Hispanics are more
likely to develop type 2 diabetes than whites. Similarly,
hypertension is more common among African-Americans
than whites [36,37]. Tobacco use and excess consumption
of alcohol are risk factors for hypertension [36,37,47,48].

Hypotheses

H;. Hypertension and diabetes will negatively impact
cognition by decreasing total cognition score.

H;: Education will moderate the effect of hypertension
and diabetes on cognition. Hypertension and diabetes will
impact cognition by decreasing total cognition score
among those with lower levels of education.

H3: Those with higher levels of educational attainment
will have higher total cognition scores.

H,: Diabetics taking oral medications and insulin will have
lower cognition scores than non-diabetics.

Methods

Sample

The sample for this study was from the 2008 wave of
the Health and Retirement Study (HRS). The HRS is a
biennial longitudinal panel study surveying a nationally
representative sample of Americans over age 50. The HRS
uses households in the United States to gain a national
area probability sample and oversamples blacks,
Hispanics, and Florida residents. Data about many aspects
of aging, including health, family, and economics, are
included in the HRS. The total sample of respondents in
the 2008 core wave was 17,217. Proxy respondents and
all missing cases were excluded. After excluding the proxy
respondents a total of 16,077 cases remained. Cases with
missing data were also excluded dropping a total of 5,819
cases, thus, the final analytic sample was n=10,258.
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Measures

Dependent variable: The dependent variable, total
cognition score, is a continuous variable with scores
ranging from 0 to 35, with 35 indicating the highest
possible total cognition score and 0 indicating the lowest
possible total cognition score. The score includes a series
of questions about immediate recall (count from 0-10
with 0 indicating the lowest score and 10 indicating the
highest score); delayed recall (count from 0-10 with 0
indicating the lowest score and 10 indicating the highest
score); serial 7s (count from 0-5 with 0 indicating the
lowest score and 5 indicating the highest score);
backwards count from 20 (count from 0-2 with 0
indicating the lowest score and 2 indicating the highest
score); object naming (scissors & cactus; count from 0-2
with 0 indicating the lowest score and 2 indicating the
highest score); president naming (count from 0-1 with 0
indicating the lowest score and 1 indicating the highest
score ); vice president naming (count from 0-1 with 0
indicating the lowest score and 1 indicating the highest
score); and date naming (month, day, year, day of week;
count from 0-4 with 0 indicating the lowest score and 4
indicating the highest score) (HRS, 2008).

Independent variables: One of the two main
independent variables used in the study is hypertension.
The HRS question about hypertension is self-reported and
asks, “Has a doctor ever told you that you have high blood
pressure or hypertension?” Hypertension was coded first
as a dummy variable for whether or not someone had
high blood pressure (coded 1 has high blood pressure, or
0=no high blood pressure). A variable was then created
for whether someone takes high blood pressure
medications based on responses to the question: “In order
to lower your blood pressure, are you now taking any
medication?” The hypertension and hypertension
medication variables were used to create a variable for
those with hypertension taking medications where 1= has
high blood pressure and taking high blood pressure
medications and O=not taking high blood pressure
medications/doesn't have high blood pressure. Then, this
variable was used to create another variable for those
with high blood pressure not taking medication (where
1= has high blood pressure but not taking medications
and 0= doesn't have high blood pressure /has high blood
pressure and taking medications. People who do not have
high blood pressure are the reference group for this
variable.

The second main independent variable in the study is
diabetes. Diabetes status is self-reported and was
determined by responses to the question: “Has a doctor
ever told you that you have diabetes or high blood sugar”?
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First, dummy variables were created for whether or not
someone has diabetes (1= has diabetes, 0=no diabetes).
Then categorical dummy variables were created for
whether someone has diabetes and takes no medication,
whether someone has diabetes and takes only oral
medications (based on responses to: “In order to treat or
control your diabetes, are you now taking medication that
you swallow?”), whether someone has diabetes and takes
only insulin (based on responses to: “Are you now using
insulin shots or a pump?”), and finally whether someone
has diabetes and takes both oral medications and insulin
as medications. The reference group is non-diabetics.

Moderating variable: Education was used as a
moderator in this study in two ways. First, education was
used as a continuous variable (education years) based on
the number of years the respondent was in school. The
range of scores for this variable is 0-17 years.
Alternatively, the HRS variable degree, denoting highest
level of education, was coded into four categories. First,
the categorical variable ‘grammar school’ was created for
those who only had an eighth grade education or less.
Second, the categorical variable ‘high school’ was created
for those who had a high school education. Third, the
categorical variable of ‘college’ was created for those who
had a college education. Finally, ‘grad school’ was created
for those who had a graduate school education. ‘Grammar
school’ was used as the reference group in the analyses.

Control variables: There was several control variables
used in the study. First, race was coded into the categories
of non-Hispanic black, non-Hispanic white, non-Hispanic
other race, and Hispanic. Non-Hispanic white was used as
the reference group for this variable. Gender was coded as
a dummy variable (female=1 and male=0), and age was
measured as a continuous variable. Income was
transformed into the log of income so that it would be less
skewed. Body mass index (BMI) is a continuous variable
used as a control and was calculated as weight divided by
height squared. Smoking was coded into two categories,
one for ‘current smoker’ and one for ‘former smoker’ if
they had smoked in the past, but were not currently
smokers, or if they were non-smokers. ‘Former smoker’
was used as the reference group. Alcohol was coded first
as a dummy for those who drink and those who do not
drink. Alcohol use was coded 1 if the respondent drank
alcohol and alcohol use was coded 0 if the respondent did
not drink alcohol. The alcohol use variable was used to
create categorical variables for how many drinks were
consumed per day. ‘Light drinking’ was created for those
who drank 1-2 drinks per day. ‘Moderate drinking’ was
created for those who drank 3-4 drinks per day. Finally
‘heavy drinking’ was created for those who drank more
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than 4 drinks per day. Those who do not drink were used
as the reference group. Exercise was coded based on
regular exercise (more than 1 time per week was
considered regular). Dummy variables were created for
whether or not someone did regular vigorous, regular
moderate or regular light exercise. Everyone who did not
regularly exercise was given a 0. The categories are
mutually exclusive, and each respondent was placed in
the highest category of exercise. For example, if someone
did regular light exercise twice a week and also did
regular vigorous exercise twice a week then they were
put into the regular vigorous category. ‘No regular
exercise’ was the reference group.

Self-rated health was coded into dummy variables
based on the HRS question asking, “Would you say your
health is excellent, very good, good, fair, or poor?”
(Excellent, very good, good=1 fair, poor=0). The activities
of daily living variable were coded into an index using the
count command for difficulty dressing, difficulty walking,
difficulty bathing, difficulty eating, difficulty getting out of
bed, and difficulty toileting to reflect an ADL index score
of 0-6.

Analyses

The dependent variable, cognition score, is normally
distributed. This was determined by using the kernel
density function in STATA 12. Therefore, this study used
hierarchical ordinary least squares regression to analyze
the various models required for analysis. The regressions
were adjusted for complex survey design (using svy
commands in STATA 12). First, bivariate regressions were
run separately for hypertension and diabetes to show
their separate effects on cognition. Additionally, both
hypertension and diabetes were used together in a
regression model to show their collective effect on
cognition. After running the bivariate regression models,
education moderators were added to the model to show
how levels of education affect variance in cognition. The
continuous centered education variable, denoting number
of years in school, was used first for the moderator
models with only the main independent variables of
hypertension and diabetes. Separate models with the
moderators and only main independent variables using
the categorical education variables of high school, college,
graduate school, with the reference being grammar school
were also run. Following the moderator models, models
with both hypertension and diabetes and all the control
variables were also run. Control variables included age,
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race, gender, BMI, income, exercise, smoking, alcohol use,
activities of daily living index, and self-rated health.

Interaction terms were then created and added to the
models to show interactions of the continuous centered
education variable with diabetes and with hypertension.
Two interaction terms were created for hypertension and
education (high blood pressure with no
medications*education and high blood pressure with
medications*education) and four interaction terms were
created for diabetes and education (diabetes with no
medications*education, diabetes with oral
medications*education, diabetes with insulin*education,
and diabetes with both insulin and oral
medications*education). None of the hypertension
interaction terms were significant, thus only categorical
interaction terms were created for the diabetes variables
and degree of education. Twelve categorical interaction
terms for diabetes and education were created and used
in models (diabetes with no medications*high school,
diabetes with no medications*college, diabetes with no

medications*graduate school, diabetes with oral
medications*high school, diabetes with oral
medications*college, diabetes with oral

medications*graduate school, diabetes with insulin*high
school, diabetes with insulin*college, diabetes with
insulin*graduate school, diabetes with both insulin and
oral medications*high school, diabetes with both insulin
and oral medications*college, and diabetes with both
insulin and oral medications*graduate school). Several
models were run using these interaction terms, including
models with just hypertension and diabetes and the
education moderator variables, and additionally models
with hypertension and diabetes, the education
moderators, and all of the control variables. The change in
R-squared value was analyzed when variables were
added to the models, showing how the additional
variables explained the variance in cognition scores. Wald
tests were computed to show significance for categorical
variables of interest (Table 1).

Variance inflation factor was used to test for
multicolinearity. The average variance inflation (VIF) was
1.74; suggesting multicolinearity was not a problem in the
models. Sensitivity analysis was conducted because some
cognition scores in the sample were determined to be
outliers if they were at least three standard deviations
below the mean. Sensitivity analysis showed no changes
in the results after dropping all cognition scores that were
three standard deviations below the mean cognition score
of the sample, so the original sample including all
reported cognition scores was used for final analysis.
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Characteristics Total sample (n=10,258)
Mean sd
Cognition 21.56 5.24
Hypertension High blood pressure with medications 61.24%
High blood pressure no medications 5.26%
Diabetes with no medications 03.77%
Diabetes Diabetes with oral medications 14.61%
Diabetes with insulin use 2.45%
Diabetes with both insulin & oral medications 2.97%
Education Years (Continuous) 12.26% 3.22
Grammar School (reference) 23.90%
Education High School 53.64%
College 14.40%
Graduate School 8.06%
Control variables
Age 74.60% 7.46
Male (reference) 41.68%
Gender Female 58.32%
Good Health 69.55%
Self-Rated Health Fair/Poor Health (reference) 30.45%
Logged Income 9.894 1.11
White (reference) 77.47%
.. Black 13.21%
Race & Ethnicity Hispanic 7.98%
Other 1.34%
Smoker 9.91%
Former Smoker/non-smoker (reference) 90.09%
Light Exercise 17.39%
Moderate Exercise 49.70%
Vigorous exercise 20.91%
Light Drinking 25.02%
Moderate Drinking 4.02%
Heavy Drinking 0.0103
BMI 27.11% 5.54
Activities of Daily Living -0.41% 1.05

Table 1: Descriptive Characteristics of the Sample.

Results

Results for the ordinary least squares regression
models are shown in Table 2. Throughout all models,
diabetics who took both insulin and oral medications,
compared to non-diabetics, showed decreased cognition
scores. This somewhat confirms the hypothesis that
diabetics taking oral medications and insulin will have
lower cognition scores, showing that diabetes
medications might be associated with impaired cognition.
Those with hypertension taking no medications had lower
total cognition scores compared to those without
hypertension in all models.
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Bivariate regression results indicate lower cognition
scores for both those with hypertension taking
medications (p< .01, t= -6.80) and those who do not take
medications (p< .01, t= -6.16), compared to those who do
not have hypertension. Similarly, bivariate regression
results indicate lower cognition scores for diabetics who
take oral medications (p< .01, t= -6.65), diabetics using
insulin (p< .01, t= -5.32), and diabetics using both insulin
and oral medications (p< .01, t= -8.93), compared to non-
diabetics. The bivariate regression model with both
hypertension and diabetes explains 0.01% of the variance
in total cognition scores.
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The moderator, years of education, was significant
when added in the model with the hypertension and
diabetes variables, explaining 20% of the variance in
cognition scores. This finding shows that cognition scores
were higher based on number of education years,
confirming the hypothesis that education has a direct

effect on cognition. When interactions among
hypertension and education and diabetes and education
were added into the model, no significant effects were
seen, still explaining 20% of the variance in total
cognition scores.

Dependent Variable Cognition[ Model 1|Model 2|Model 3|Model 4|M0del 5|M0del 6|Model 7|M0del 8|Model 9| R sq.
Hypertension
Hypertension with meds 0.05 0 0.67 0.09 0.05 0.08*
Hypertension with no meds -0.75 -0.78 | -0.67 -0.7 | -0.68** -0.71**
Diabetes
Diabetes oral meds -0.25 | -0.28 -0.2 -0.24* -0.19 |-0.23**
Diabetes no meds -0.26 | -0.29 -0.19 | -0.22* -0.19 | -0.22**
Diabetes insulin -0.43 | -0.44 -0.56* | -0.58* -0.59 -0.6
Diabetes both meds -0.95 -1 -0.98 | -1.02** -0.84 |-0.88**] 0.01
Moderator
Education years | | -0.51 | -0.51 [-0.51**] -0.48 |-0.50** [-0.48**] 0.2
Interactions
Hypertension-education -0.04 -0.39 | 0.2
Hypertension no meds-educatior| -0.03 -0.39 | 0.2
Diabetes oral meds-education -0.03 | -0.02 | 0.2
Diabetes no meds-education -0.06 | -0.04 | 0.2
Diabetes insulin- education -0.03 | -0.03 | 0.2
Diabetes both meds-education -0.18**| -0.18 | 0.2
Controls
Race
Black -3.24** | -3.19 |-3.20%*| -2.79%* | -2.74** | -2.75%* | -2.75%* | -2.75** | -2.76**| 0.36
Other Race -1.04** | -1.03** | -1.02** | -1.22** | -1.21* | -1.21* | -1.22* | -1.23** | -1.22**| 0.36
Hispanic -2.67** | -2.65** | -2.63**| -0.81** | -0.80** | -0.79* | -0.81 | -0.78** |-0.77**| 0.36
Gender-female -1.02** | -0.99** | -0.99**| -0.95 |-0.93** | -0.92** | -0.95** | -0.94** | -0.94 | 0.36
Activities of Daily Living -0.59** | -0.58** | -0.57**| -0.56** | -0.55** | -0.55** | -0.56** | -0.55** | -0.54**| 0.36
Self-rated health-good health | -1.00** | -0.95** | -0.95** | -0.67** | -0.62** | -0.62** | -0.67 | -0.62** |-0.62**| 0.36
Smoking -0.49** | -0.53** | -0.51**| -0.24 | -0.27 | -0.25 | -0.24 | -0.28 | -0.26 | 0.36
Alcohol use-light drinking -0.77** | -0.75** | -0.75** | -0.33** | -0.30** | -0.30** | -0.33** | -0.31** | -0.31**| 0.36
Moderate drinking 0.67** | 0.64** | 0.63** | 0.45 0.42* | 0.41** | 0.45** | 0.42** | 0.42** | 0.36
Heavy Drinking -0.06**| -0.16 | -0.14 | -0.12 | -0.22 | -0.22 | -0.14 | -0.22 | -0.21 | 0.36
Exercise- Regular light exercise| 0.61** | 0.62** | 0.61** | 0.66** | 0.66** | 0.65** | 0.66** | 0.65** | 0.64** | 0.36
Regular moderate exercise 0.74** | 0.73** | 0.73** | 0.67** | 0.66** | 0.66** | 0.67** | 0.65** | 0.66** | 0.36
Regular vigorous exercise 0.49** | 0.47** | 0.47** | 0.31** | 0.29** | 0.29** | 0.31** | 0.29** | 0.30** | 0.36
BMI 0.00** | 0.00** | 0.00** | 0.00** | 0.00** | 0.00** | 0.00** | 0.00** | 0.00** | 0.36
Logged income 0.70** | 0.70** | 0.70** | 0.33** | 0.33** | 0.33** | 0.33** | 0.34** | 0.33** | 0.36
Age -0.19** | -0.19** | -0.19**| -0.18** | -0.18** | -0.18** | -0.18** | -0.18** | -0.18** | 0.36

Table 2: Effect of Hypertension and Diabetes: Predictors of Total Cognition Scores Using

Regression HRS 2008.

Ordinary Least Squares

Figure 1 show interactions among the varying degrees
of diabetics (diabetics who take no medications, diabetics
who take oral medications, diabetics who take insulin and
diabetics who take both insulin and oral medications) and
how their expected cognition scores vary based on
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education level. Interaction terms were added into the
model to test the hypothesis that for those with lower
levels of education, hypertension and diabetes will
decrease total cognition score, compared to non-diabetics
and those without hypertension. The only significant
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interaction in the final model was for diabetics taking
both oral medications and insulin. These diabetics taking
both oral meds and insulin had higher total cognition
scores compared to non-diabetics and all other diabetes
groups, suggesting that education bolsters cognition more
among those with dual meds than among the other
groups. This aligns with the cognitive reserve hypothesis.
Alternatively, perhaps people with higher socioeconomic
status (SES) seek treatment earlier than those with lower
SES, before the damaging effects of diabetes can affect
cognition. All other interaction terms between
hypertension and education and diabetes and education
were not significant.

Diabetics with education levels one standard deviation
below the mean and taking oral medications or taking
insulin had lower expected cognition scores compared to
non-diabetics and diabetics taking no medications
showing the general effect of education. This confirms the
study hypothesis that for those with lower levels of
education, diabetes will decrease total cognition score,
compared to non-diabetics. Figures 1 & 2 also indicates
that diabetics taking no medications, diabetics taking oral
medications, and diabetics taking both oral meds and
insulin had higher total cognition scores compared to
non-diabetics. Based on these findings, some support can
be lent to the cognitive reserve hypothesis.

As expected, several control variables were significant
when added to the model. Compared to whites, blacks and
Hispanics had lower total cognition scores. Gender was
significant in the final model for females compared to

males, showing lower total cognition scores for females.
Total cognition scores were lower for the activities of
daily living index, indicating that those with higher scores
on the index had lower cognition scores. Those with self-
rated good health had higher cognition scores compared
to those with self-rated fair or poor health. Total cognition
scores were lower for smokers compared to non-smokers
and former smokers. Both light drinkers and moderate
drinkers have higher cognition scores compared to those
who do not drink. Regular light exercisers, regular
moderate exercisers, and regular vigorous exercisers
have higher cognition scores, compared to those who do
not exercise regularly. Total cognition scores were higher
for those with higher income. Age was significant,
indicating that as age goes up, total cognition scores
decrease. Adding education years to the control model
showed that 36% of the variance in total cognition could
be explained by the main independent variables, control
variables, and moderator variable of education.

Wald tests showed significant differences (F=0.013, p
< .05) among diabetics taking no medications, diabetics
taking oral medications, diabetics taking insulin, and
diabetics taking both insulin and oral medications.
Additionally, Wald tests showed significant differences
(F=0.0006, p <.05) between those with hypertension who
take medications and those with hypertension who do not
take medications. For models using the categorical
education variables, Wald tests indicated significant
differences (F = 0.0000, p < .05) among those who had a
high school education, college education, and graduate
school education.

Hypertension
Diabetes (including medication
used to control conditions)

Education

. |~

l Cognition

Controls

Race/Ethnicity
Apge

Gender

BMI

Income
Smoking
Alcohol Use
Exercise
ADLs

Self -Reported
Health

Figure 1: Conceptual Model: Education as a Moderator of the Effect of Hypertension and Diabetes on Cognition.
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Discussion

Many previous studies have looked at the effects of
hypertension and/or diabetes on the brain and cognition.
Some studies look at physiological factors affecting
cognition, whereas others look at factors that can protect
the brain from cognitive impairment. This study delved
into understanding how diabetes and hypertension affect
cognition: examining the deleterious mechanisms of
hypertension and diabetes on cognition using a large
nationally representative sample. Additionally, this
research sought to highlight the protective mechanism of
educational attainment on cognition, and how and if
educational attainment moderates the effects of
hypertension and diabetes on cognition. The effects of
diabetic medication on the brain were also examined.

Four hypotheses were tested within this study. The
first hypothesis was that hypertension and diabetes
negatively impact cognition by decreasing total cognition
score. This hypothesis was supported within the study, as
cognition scores were lower for diabetics and those with
hypertension compared to non-diabetics and those
without hypertension. This fits with the literature
indicating that diabetes is associated with lower Mini
Mental Status Exam scores, impairments in executive
function, inability to use organizational and planning
skills appropriately, younger age of onset of cognitive
decline, and more rapid cognitive decline [3,8]. Further,
this also supports literature reviewed showing that
hypertension accelerates the effects of aging on brain
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structures [25] and is associated with a faster rate of
progression of cognitive decline [14].

The second hypothesis was that education will
moderate the effect of hypertension and diabetes on
cognition. The literature reviewed indicates that
education promotes greater levels of neural network
connectivity [29] and higher synaptic density and
efficiency that allows for better coping with cognitive
decline during the neurodegenerative processes [13,27].
Thus, hypertension and diabetes will impact cognition by
decreasing total cognition score, among those with lower
levels of education. There was only one significant
interaction effect among all interactions testing this
hypothesis. This interaction was the interaction between
continuous education years and the group of diabetics
taking both oral medication and insulin. This finding
suggests that education level has an effect that boosts
cognition scores despite insulin use and oral medications
use among diabetics. Furthermore, this lends some
support to the idea that educational attainment acts as a
protector against some cognitive complications of
diabetes and diabetes medications. This outcome is
consistent with the literature around the cognitive
reserve hypothesis as it relates to education level and
cognition.

Conversely, an extensive number of interaction effects
were not significant. Conceivably, this may be because
educational attainment is only protective for severe
diabetics who take both oral medications and insulin for
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diabetes. It is also possible that diabetes and hypertension
are unique in their mechanisms on brain injury, causing
the protective effects to be null in most cases. This could
be attributed to the fact that diabetes and hypertension
are known to affect the hippocampus and the prefrontal
lobes of the brain and in these areas the protective effects
of educational attainment may go undetected.
Additionally, another theory that could explain this
finding is that people with higher levels of education
usually have higher socioeconomic statuses, thus
obtaining earlier access to better health care and
managing their conditions better. Self-management of
diabetes and hypertension is complex, suggesting that
people with a higher SES who take their meds correctly
have an advantage compared to groups of people with
diabetes and hypertension and lower SES. This could be
due to a greater understanding of diabetes management
and consistent changes in positive lifestyle behaviors,
such as engaging in healthy diets and regular exercise.

The third hypothesis tested was that those with higher
levels of educational attainment will have higher total
cognition scores. The results of the study confirmed this
hypothesis, showing that those with higher levels of
education, had higher total cognition scores overall. This
outcome supports the findings from other literature
discussing the protective effects of education on cognition
and the cognitive reserve hypothesis [12,27-29,45,46].
Furthermore, supporting the results of the study, the
literature evaluated indicates that high educational
attainment slows the rate of decline in people who have
Alzheimer’s disease and other cognitive impairments
[12]. Additionally, one study evaluated found that
education provides a reserve against the clinical
presentation of pathology in Alzheimer’s disease and
cognitive decline [28]. This is consistent with the results
of this study.

The fourth hypothesis, diabetics taking oral
medications and insulin will have lower cognition scores
than non-diabetics, was somewhat confirmed within the
study. Moreover, those just taking oral medications also
had lower cognition scores than non-diabetics. These
findings support other work around medication effects on
cognition that show that the use of oral medications and
insulin impair cognition [23,26]. Specifically, Spain, et al.
(2009) [26] noted that some oral medication use, such as
use of the glucose-lowering drug Diabinise, could lead to
cognitive impairment in the older population. Saczynski,
et al. (2008) [23] also highlighted that medications for
glucose control may increase the risk for cognitive
impairment. The mechanism by which oral medications
impair cognition is still not well known, but this study
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somewhat supported the finding that oral medications
combined with insulin do have negative effects on total
cognition scores. However, this finding could illustrate
clinical impact of the diabetes, rather than the medication
effects meaning diabetics who are clinically severe and
require use of medications have impaired cognition. This
highlights that it may not be the treatment regimen that
affects cognition, but that the treatment regimen is
indicative of the disease severity. The physiological brain
injury in severe diabetics combined with use of both oral
medications and insulin might be a lethal combination on
cognition, only protected by education level.

Heavy consumption of alcohol had no significant effect
on cognition compared with those who do not drink
alcohol. This does not support the other literature
highlighting that alcohol consumption has been linked to
the risk of cognitive decline [25,38]. Previous research
has indicated that excessive alcohol consumption over
time may increase the risk for dementia, stroke, and
mortality [10,38]. However, the contradictory finding is
likely to do with how the variable was coded, and could be
considered a limitation of the study. Some studies use a
coding strategy of heavy alcohol consumption considered
to be more than two drinks per day, rather than greater
than four drinks per day, as it was coded in this study.
Also, this study could not assess alcohol use over time
because it was not longitudinal.

The medication effects found within this study lend
support to the idea that diabetics taking both insulin and
oral medications have more impaired cognition than non-
diabetics. There is little literature around this area of
research, so a major strength of this study is that it
highlighted a unique finding about medication use among
diabetics. Strength of this study is that a large nationally
representative sample was used for data analysis.
However, some limitations should be noted too. One
limitation is that the study uses cross sectional data, not
longitudinal data that would show effects over time.
Additionally, after completing this research, there are still
some questions of which mechanisms really cause
cognitive decline in those with hypertension and diabetes.
For example, the medication effect on diabetics using both
insulin and oral medications may be limited to only those
that are considered severe diabetics.

The medication effects seen in this study raised
questions that may lead to further research to help build
on the literature and theory about medication use among
diabetics. Expanding the findings from this study would
be valuable to see if results can be replicated, thus
improving generalizability to the older population in the
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United States. Attempting to isolate what it is about a
diabetic taking both oral medications and insulin together
that causes cognitive deficits compared to non-diabetics
may help clarify the findings study. Similarly, future
research could focus on educational attainment and
diabetes. Though this study found very limited
moderating effects of education on diabetes, exploring the
effect that diabetics taking both insulin and oral
medications had higher cognition scores for those that are
better educated may be useful since the literature is
limited.

Some practical implications could be considered based
on this study. Physicians should be aware of what
medications they prescribe to older adults for diabetes
and hypertension as they may negatively impact
cognition, especially in severe diabetics taking both oral
meds and insulin. Knowing that a patient is a severe
diabetic, physicians should monitor cognitive status
regularly at visits, because one can assume severe
diabetics take more medications than less severe
diabetics and that cognitive decline is more extensive in
severe diabetics. Further, there could be polypharmacy
issues that cause cognitive decrements in older patients
taking both oral diabetes medications and insulin in
conjunction with medications for other chronic
conditions. Moreover, in some situations physicians
should consider oral diabetes medications in conjunction
with insulin as a possible explanation for cognitive
decline, as opposed to other explanations, or in
combination with other explanations such as
physiological damage that occurred during the life course
due to the aging process.
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