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Abstract: Object ive: To invest igate whether hypertension at  basel ine is
associated with transitions from cognitively normal to mild cognitive impairment
(MCI) or early dementia with death as a competing state. Methods: Cognitive
assessments from 440 subjects enrolled in a longitudinal study at the University of
Kentucky AlzheimerÕs Disease Center were used to classify individuals into one of
three transient states at any visit: cognitively normal, amnestic MCI, or mixed
MCI. Between visits subjects could die or become demented. A series of polytomous
logistic models were used to determine if transitions varied with hypertension after
adjustment for age, education, gender, family history of dementia, and APOE
status. Results: Hypertension protects against transitions from cognitively normal
or mixed MCI to dementia (P = 0.0037 and 0.017, respectively) but not from
amnestic MCI to dementia (P = 0.92). Conclusion: Hypertension is a risk factor for
death but not dementia or transitions to the MCI states.

Mild cognitive impairment (MCI) is a state between normal cognition and
dementia, characterized by defici ts not explainable by age, educational
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background, or medical  i l lness [1]. I t is unclear w hether M CI is a true
precursor to dementia because some studies have found this state to be
transient w ith 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 as all other MCI states combined into one state, mixed MCI
[2]. Using an innovative Markov model we demonstrated that the usual risk
factors associated with 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 a risk 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 subjects participating in the Biologically Resilient Adults
in Neurological Studies (BRAiNS) project at the University of KentuckyÕs
A lzheimerÕs Disease Center.  A t any visi t w e use these assessments to
classify a subject into one of three states: cognitively normal, amnestic MCI,
or mixed MCI. Between visits, subjects could die or progress to a dementia
with these latter two states treated as irreversible competing states. 

METHODS

Subjects

Subjects are from the BRA iN S project, a longi tudinal  cohort of  772
individuals. Recruitment is on an ongoing basis w ith the earliest subjects
entering the cohort in 1989. Subjects agree to annual cognitive assessments
and neurological and physical examinations every two years, and consent to
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 subjects were excluded because 5 had
only one visit, 73 w ithdrew for personal reasons, 67 did not have APOE
determinations, and 187 did not provide baseline hypertension information.
This left 440 subjects who had two or more cognitive assessments for the
analysis reported here.  

Cognitive Assessments

At each visit these assessments were used to classify subjects into one of
the three t ransient  states: cogni t i vel y  normal , amnest i c M CI  (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 assessment into another state at the next
assessment (see Figure 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 assessment, gender, education (three
education levels: years ! 12, 13-15, " 16), APOE status (presence/absence of
at least one epsilon 4 allele), and family history (positive/ negative for a
dementing il lness 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 baseline was 75.6 ± 8.5 years, 65.9 % were females, 42.1 % had
a first degree relative with dementia, 29.1 % possessed at least one APOE 4
allele, 42.0% reported hypertension at enrollment, 13.4% had 12 or fewer
years of education w hi le 67.1% had at least 16 years of education.  On
average a subject contr ibuted 6.9 ± 4.6 transi tions 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 assessment was
determined to be cognitively normal 1,969 times and according to the figure
at the next v isi t these assessments ei ther remained cogni tively 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 M arkov chain (P = 0.03). H ow ever , hyper tension does not af fect
t r ansi t i ons among the three t r ansi ent  states (P = 0.42). I nstead , i t
significantly affects transitions to early dementia (P = 0.04). Specifical ly,
when compared to a subject w ith 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: 0.28 to 0.78). Also, when compared to
a subject with no baseline hypertension a person with mixed MCI reporting
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: 0.25 to 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 basel ine hyper tension 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 analyses investigators treat death as a right
censored event that is val id only i f  death is an event  independent of
dement ia. The M arkov  model  above t reats death as an i nformat i ve
competing event. Once this adjustment is made a possible explanation
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emerges. Fi rst , each of  the r i sk factors (age, gender , A POE 4 status,
education, and fami ly history) are distr ibuted proport ional ly among
hypertensive and nonhypertensive subjects. Focusing solely on baseline and
last visit, we find that 34.3 % of the subjects in 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 a risk for death (odds ratio = 2.1, 95 %
confidence interval: 1.2 Ð 3.8) implying it is protective against dementia
(mortality precluding a dementia diagnosis). Of course because one third of
the subjects are 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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