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Abstract: Objective: To investigate whether hypertension at baselineis
associateavith transitions from cognitively normal to mild cognitiveimpairment
(MCI) or early dementia with death as a competing state. Methods: Cognitive
assessmenfsom 440 subjectsenrolledin alongitudinal study at the University of
KentuckyAlzheimerOBiseaseCenterwereusedto classifyindividuals into oneof
three transient states at any visit: cognitively normal, amnestic MCl, or mixed
MCI. Betweenvisits subjectoulddie or becomelementedA seriesof polytomous
logistic modelsvereusedto determineif transitions variedwith hypertensiorafter
adjustment for age, education, gender, family history of dementia, and APOE
status.Results:Hypertensionprotectsagainsttransitions from cognitively normal
or mixed MCI to dementia (P = 0.0037 and 0.017, respectivey) but not from
amnestidMCI to dementigP = 0.92).ConclusionHypertensionis a risk factorfor
death but not dementia or transitions to the MCI states.

Mild cognitive impairment (MCI) is a state between normal cognition and
dementia, characterized by deficits not explainable by age, educational

139



28 KRYSCIO c:28 KRYSCIO c¢ 17.10.2007 15:15 $ge 140

HYPERTENSION AS A RISK FOR MCI AND EARLY DEMENTIA

background, or medical illness [1]. It is unclear whether MCI is a true
precursor to dementia because some studies have found this state to be
transient with multiple domains. In a previous study by this group we
investigated the transient nature of MCI represented as a single state of
amnestic MCI or asall other MCI statescombined into one state, mixed MCI
[2]. Using an innovative Markov model we demonstrated that the usual risk
factors associatedwith transitions from cognitively normal to dementia are
also risk factors for transitions to these MCI states. These risk factors are
age, gender, education, family history of dementia, and APOE status. The
purpose of this study is to investigate whether hypertension collected by
self-report at the time of participant enrollment is arisk factor for transitions
to these transient MCI states and/or early dementia.

We rely on annual cognitive assessments taken on a cohort of initially
cognitively normal subjectsparticipating in the Biologically Resilient Adults
in Neurological Studies (BRAINS) project at the University of Kentucky®
Alzheimer® Disease Center. At any visit we use these assessments to
classify a subjectinto one of three states:cognitively normal, amnestic MClI,
or mixed MCI. Between visits, subjectscould die or progress to a dementia
with these latter two states treated as irreversible competing states.

METHODS

Subjects

Subjects are from the BRAINS project, a longitudinal cohort of 772
individuals. Recruitment is on an ongoing basis with the earliest subjects
entering the cohort in 1989. Subjectsagree to annual cognitive assessments
and neurological and physical examinations every two years, and consentto
a brain donation upon death. At baseline they must be 60 years or older
(raised to 70 three years ago), free of infectious diseases, neurological,
psychiatric or unstable general medical conditions and free of a dementing
illness. In this analysis 334 of the 772 subjectswere excluded because5 had
only one visit, 73 withdrew for personal reasons, 67 did not have APOE
determinations, and 187did not provide baseline hypertension information.
This left 440 subjects who had two or more cognitive assessments for the
analysis reported here.

Cognitive Assessments
At eachvisit these assessmentswere used to classify subjectsinto one of

the three transient states: cognitively normal, amnestic MCI (poor
performance on memory measures), or mixed MCI (poor performance on
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non-memory measures) [2].
Clinical Examinations

When warranted, subjects were evaluated for a dementing condition or
for clinical MCI using results from a neurological and physical examination,
an MRI of the brain, blood chemistries, and published criteria [3, 4] with the
final diagnosis derived through a consensus conference.

Statistical analysis

We used a multi-state Markov chain with three transient states (normal,
amnestic MCI, mixed MCI) and two absorbing states (death versus early
dementia) to model the one step transitions; that is, to model moving from
the current cognitive state at this assessmentinto another state at the next
assessment(seeFigure 1). A possible predictor of these transitions in this
study is baseline hypertension, which relied on self reports. The effect of
this predictor was adjusted for: age at assessmentgender, education (three
education levels: years! 12,13-15," 16), APOE status (presence/absenceof
at least one epsilon 4 allele), and family history (positive/ negative for a
dementing illness among first-degree relatives) using polytomous logistic
models [2].

Figure 1
Flow diagram of the transitions possible between subject visits with the frequency of
each transition listed on the corresponding arrow or with the state (repeat
assessments listed in parens)
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RESULTS

Mean age at baselinewas 75.6+ 8.5years, 65.9% were females, 42.1% had
a first degree relative with dementia, 29.1% possessedat least one APOE 4
allele, 42.0% reported hypertension at enrollment, 13.4% had 12 or fewer
years of education while 67.1% had at least 16 years of education. On
average a subject contributed 6.9 + 4.6 transitions to the data analysis.
Transition numbers are attached to each arrow by transition type in Figure
1. Hence, for example, over the study period the previous assessmentwas
determined to be cognitively normal 1,969times and according to the figure
at the next visit these assessments either remained cognitively normal
(n=1,356;68.9%), or transitioned to one of the states amnestic MCI (n=307;
15.6%), mixed MCI (n=213; 10.8%), early dementia (n=75; 3.8%) or death
(n=18; 0.9%).

From the polytomous logistic regression model after adjustment for the
effects of age, gender, education, APOE4 status, family history of dementia,
and the prior state, baseline hypertension significantly affects transitions in
the Markov chain (P = 0.03). However, hypertension does not affect
transitions among the three transient states (P = 0.42). Instead, it
significantly affects transitions to early dementia (P = 0.04). Specifically,
when compared to a subject with no baseline hypertension a cognitively
normal person who reported hypertension at baseline is protected against a
transition to dementia versus remaining in one of the transient states (odds
ratio = 0.47,95 % confidence interval: 0.28to 0.78).Also, when compared to
a subjectwith no baseline hypertension a person with mixed MCI reporting
hypertension at baselineis protected against a transition to dementia versus
remaining in one of the transient states (odds ratio = 0.47,95 % confidence
interval: 0.25to 0.87).However, a person who is currently in amnestic MCI
is not affected by baseline hypertension status (P = 0.92) should a transition
to an absorbing state take place on the next assessment.

DISCUSSION

We found that baseline hypertension plays no role in determining
transitions among the three transient states: cognitively normal, amnestic
MCI, and mixed MCI. When a transition to dementia occurs hypertension
becomes a protective risk factor. Other investigators have argued just the
opposite [5]. However, in these analysesinvestigators treat death as a right
censored event that is valid only if death is an event independent of
dementia. The Markov model above treats death as an informative
competing event. Once this adjustment is made a possible explanation
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emerges. First, each of the risk factors (age, gender, APOE 4 status,
education, and family history) are distributed proportionally among
hypertensive and nonhypertensive subjects.Focusing solely on baselineand
last visit, we find that 34.3% of the subjectsin this sample are still in one of
the three transient states. For the two thirds that already had an event
(dementia or death), hypertension is arisk for death (odds ratio = 2.1,95 %
confidence interval: 1.2 B 3.8) implying it is protective against dementia
(mortality precluding a dementia diagnosis). Of course becauseone third of
the subjectsare still at risk for an event, this conclusion could change with
increased follow up potentially replicating findings from other studies. A
second caveat is our reliance on self reported baseline determinations of
hypertension along with antihypertensive use that may modify the risk of
transitions.
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