REVIEW

Clinical Trials of Blood Pressure Lowering and
Antihypertensive Medication: Is Cognitive Measurement

State-of-the-Art?

Merrill F. Elias," Rachael V. Torres,? and Adam Davey?

Randomized controlled trials of blood pressure (BP) lowering and
antihypertensive medication use on cognitive outcomes have
often been disappointing, reporting mixed findings and small
effect sizes. We evaluate the extent to which cognitive assessment
protocols used in these trials approach state-of-the-art. Overall, we
find that a primary focus on cognition and the systematic selection
of cognitive outcomes across trials take a backseat to other trial
goals. Twelve trials investigating change in cognitive functioning
were examined and none met criteria for state-of-the-art assess-
ment, including use of at least 4 tests indexing 2 cognitive domains.
Four trials investigating incident dementia were also examined.
Each trial used state-of-the-art diagnostic criteria to assess demen-
tia, although follow-up periods were relatively short, with only 2

The number of Americans aged 65 years and older living
with Alzheimer’s disease (AD) is projected to increase from
5.1 million in 2015 to 13.5 million in 2050,! and many more
will develop other forms of dementia, including vascular and
mixed dementia. Sperling et al.? have estimated that a hypo-
thetical intervention delaying the onset of AD by 5 years
would reduce the number of AD patients by 57% and reduce
associated Medicare costs by approximately $283B.

Arterial hypertension is a well-established risk fac-
tor for cognitive decline and development of dementia.’”’
Reduction of blood pressure (BP) with the goal of slowing
these processes has been investigated in randomized con-
trolled trials (RCTs). Some trials are devoted to examining
cognitive performance in persons who have not been diag-
nosed with dementia, but who may ultimately succumb to
the disease. Others attempt to intervene in the long latency
period or prodromal phase of dementia (Figure 1) with the
goal of slowing or halting disease progression.?

Findings in RCTs of BP lowering and antihypertensive
medication use have been inconsistent and overall effect
sizes have been disappointingly small.® In 2011, Staessen
et al.'® conducted a meta-analysis involving 8 major trials of
BP lowering for the prevention of dementia. Nonsignificant
findings were observed for all trials combined, although

trials lasting for at least 3 years. Weaknesses in each trial may act to
obscure or weaken the positive effects of BP lowering on cognitive
functioning. Improving trial designs in terms of cognitive outcomes
selected and length of follow-up periods employed could lead to
more promising findings. We offer logical steps to achieve state-of-
the-art assessment protocols, with examples, in hopes of improv-
ing future trials.
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subanalyses of specific antihypertensive medications
revealed that risk for dementia was reduced by 18% in tri-
als involving a diuretic or dihydropyridine calcium channel
blocker as part of active treatment (P < 0.05). This level of
protection is not high and is not surprising, as small effect
sizes are common when we average over many trials.*8-10

A recent decision by the pharmaceutical company Pfizer
not to continue with research efforts to discover new medica-
tions for the treatment of AD!! may in part reflect the results of
previous trials such as these. We raise the possibility that more
promising trial results could be achieved if state-of-the-art pro-
tocols for the assessment of cognitive outcomes were adopted.
In this review, we create a set of criteria for state-of-the-art
assessment of cognitive function and dementia and apply these
criteria to previous RCTs of BP lowering and antihypertensive
medication use. We conclude by providing models for state-of-
the-art cognitive test batteries to use in future RCTs.

CRITERIA FOR STATE-OF-THE-ART ASSESSMENT
Cognitive function

The concepts of state-of-the-art and “done well” are
not the same. State-of-the-art methods are those that are
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Figure 1. Model of the clinical trajectory of Alzheimer’s disease (AD).
Reused from Sperling et al.? with permission.

highly developed and result from common methodologies
employed at a given point in time. We based our judgment
of state-of-the art on the evolution of cognitive theories and
what has been done in an increasing number of observa-
tional studies of hypertension, antihypertensive medication
use, and cognitive function.’*!? State-of-the-art assessment
of cognitive function is characterized by 2 fundamental fea-
tures: (i) assessment of multiple cognitive abilities and (ii)
arrangement of these abilities in a systematic, hierarchical
way that is theoretically important and clinically relevant.
To understand our emphasis on hierarchies, it is important to
first understand the structure of cognitive abilities. Spearman'?
and Spearman and Jones'* have provided evidence for a general
or global human ability (g) and a subset of specific abilities that
are correlated with g (Figure 2). More recent theories recognize
a complex hierarchical relationship among primary mental
abilities, also referred to as cognitive domains, and the subservi-
ent specific abilities that index them (Figure 3).!>'¢ Cognitively
healthy persons who exhibit higher global performance tend to
have greater functioning in specific domains. However, differ-
ent aspects of cognition are affected by disease processes and
brain injury in different ways. State-of-the-art test batteries
must assess multiple cognitive domains in order to accurately
capture this variability, but how many tests are necessary?
Thurstone'®  identified =~ Word  Fluency,  Verbal
Comprehension, Spatial Visualization, Number Facility,
Associative Memory, Reasoning and Perceptual speed as
the 7 cognitive domains. On this basis, we could recom-
mend a minimum of 7 cognitive tests for a state-of-the-art
RCT. However, many other domains have been identified
and clinical trials are limited by cost, time, and subject bur-
den in terms of the number of outcome measures that can
be employed. The Spearman-Brown prophecy formula was
created to solve for a desired reliability or required number of
tests to use in a research study.!'”!8 Applying this formula, 4
cognitive tests, each with a reliability of 0.5, can be employed
to achieve an overall reliability of 0.8. If each of the 4 cogni-
tive tests have a reliability of 0.65, the overall reliability will
be increased to 0.9. A clinical trial with 4 tests thus meets a
minimal criterion for state-of-the-art cognitive assessment.
However, the ideal design should also involve multiple cog-
nitive domains. We recommend that state-of-the-art assess-
ment protocols include a minimum of 2 cognitive domains,
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each indexed by at least 2 cognitive tests that are both reliable
and valid. The argument for using at least 2 tests to index each
domain may be found in the paper by Elias et al.*

A good example of a hierarchical arrangement of tests
to index higher order cognitive domains is provided by the
Wechsler Adult Intelligence Scale (WAIS)-IV (Figure 4).!° Use
of the complete WAIS IV may be impractical, but one can, at
a minimum, select 2 tests that define each domains of inter-
est. Some RCTs have taken advantage of these tests, although
none have employed a hierarchical design in which important
theoretical or clinical domains are examined as well.

In summary, to be state-of-the-art, an assessment protocol
must include multiple measures of cognitive abilities and use
these to index higher order domains. There are no set rules
for the number of tests used or domains examined. However,
we recommend the examination of at least 2 domains, each
indexed by a minimum of 2 tests. A seminal text by Lezak
et al.® is recommended for investigators who wish to obtain
more information about cognitive testing. Additional texts
are recommended for investigators who wish to obtain a
better understanding of test construction and interpretation:
Kline,?! Embretson,?? Cronbach,? and Guilford.?

Dementia

Achieving state-of-the-art assessment of dementia requires
a different set of more clinically oriented considerations. The
most important criterion is the use of well-established diag-
nostic criteria, such as the Diagnostic and Statistical Manual
of Mental Disorders (DSM) or the International Statistical
Classification of Diseases and Related Health Problems
(ICD), 10™ edition, criteria. Definitions of dementia based
on the Mini Mental State Examination (MMSE), a screen-
ing test or dementia rating scale alone are not sufficient.
All-cause dementia is most often used as the primary study
outcome in RCTs of BP lowering and antihypertensive medi-
cation use. Separating all-cause dementia into AD, vascular
dementia, and mixed dementia would improve RCTs.?>-%
However, given time constraints and the high cost of obtain-
ing the data needed to make more specific diagnoses, this is
generally not feasible. Instead of criteria for state-of-the-art
assessment, we thus consider this to be a gap in knowledge.

Clinical trial length is an important consideration when
dementia is an outcome. The question of how long a trial aim-
ing to slow the progression of dementia should be is not eas-
ily answered. Five and 10 years are often given as “off the top
of the head” answers among those who perform longitudinal
research on aging, and these time spans are supported by many
studies.®*-3% In a small study by Tscharnz et al’' (n = 129),
3-year rates of conversion to dementia were 46% among those
with cognitive impairment at baseline and 3.3% among those
with no impairment. We suggest that a state-of-the-art trial
with dementia outcomes include a follow-up period of at least
3 years, although longer periods are always better.

In the following section, we describe the search methods
used to identify RCTs of antihypertensive medication use and
cognitive outcomes, including cognitive function and demen-
tia. We subsequently provide a description of each trial and
rate it with respect to the state-of-the-art criteria discussed.
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Figure 2. Spearman’s general factor model.
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Figure 3. Thurstone’s multiple factor model.

ARE PREVIOUS RCTS STATE-OF-THE-ART? outcomes included: PubMed, Google Scholar, EBSCOhost,
PsychINFO, Medline, ScienceDirect, Web of Science, and
Search methods the Cochrane library. The following requirements were used

to select studies: (i) needed to be a RCT; (ii) participants

Online datab d henginesthat dtoiden-
o LT daranasesane sealcl eng ies atwerensecrolcen needed to have high BP at baseline; (iii) participants needed

tify RCTs of antihypertensive medication use and cognitive
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Figure 4. Wechsler Adult Intelligence Scale hierarchy of cognitive domains, abilities and tests.

to be randomized to a treatment arm including antihyper-
tensive medications or a placebo; (iv) cognitive perform-
ance, cognitive impairment, and/or dementia needed to be
included as outcome measures and; (v) assessment proce-
dures needed to be adequately described.

Search terms related to the study design were: RCT, pla-
cebo-controlled trial, and clinical trial. Search terms related
to outcome measures were: cognition, cognitive perform-
ance, cognitive functioning, cognitive impairment, cogni-
tive dysfunction, dementia, and AD. Search terms related to
the predictor were: hypertension, high BP, antihypertensive
medication, antihypertensive drug, and antihypertensive
treatment. An ongoing RCT of BP lowering was recom-
mended to us by a reviewer and is evaluated in the following
section. More information on the search procedures used in
this review can be found in Supplement 1.

RCTs of antihypertensive medication use and cognitive
function

Twelve RCTs of antihypertensive medication use and cog-
nitive function met criteria for inclusion in the review. Each
trial is briefly summarized in Table 1. Eight RCTs included
comparison of multiple active treatment groups and 5 RCTs
included a placebo condition, a current recommendation in
clinical trial design. Significant improvement in cognitive
function or reduction in risk for cognitive decline was found
in 5 RCTs, albeit effect sizes were modest.

Understanding the mixed findings reported across trials is
made difficult by several factors. Sample sizes, trial lengths,
and antihypertensive medications selected for active treat-
ment were variable among RCTs. Sample size ranged from
53 participants in the AVEC trial®? to 20,332 participants
in the PROFESS trial,** with a mean of 5,556 participants
across all trials. Trial length ranged from 16 weeks in the
PROBE study?® to 5 years in the SHEP study*® with a mean
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of 2.3 years across all trials. Medication classes examined
were angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, calcium channel blockers, diuret-
ics, beta blockers, alpha blockers, and rauwolfia alkaloids.
Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers were the only medication classes examined
in at least 5 RCTs, although specific medications used within
these classes were not consistent.

Measurement of cognitive function also varied between
trials in terms of tests used and abilities measured (see
Supplement 2, Table 1s for full test descriptions). Each bat-
tery contained between 1 and 6 tests. However, only 3 of 22
tests (the MMSE, Trail Making Test parts A and B and the
Modified Boston Naming test) were used in >2 RCTs. None
of the test batteries used met our criteria for state-of-the-
art assessment. However, failure to meet these criteria does
not imply that the trials did not provide useful information.

Even RCTs with a single outcome provide some infor-
mation, as many tests are highly correlated with each
other (range r = 0.20 to r = 0.80 among subtests of the
WAIS®). Six of 12 RCTs used 4 or more tests and findings
reported by these trials are considerably more inform-
ative than trials using 1 or a few tests. Not a single RCT
identified domains of interest and indexed them with
multiple tests of ability. Six of 12 RCTs used the MMSE,
which is often promoted and used as a measure of global
cognitive function. However, this test is actually a low
ceiling measure of mental status that, though valuable
when screening for dementia, is not suitable for evalu-
ating normal cognitive function.***” Some argue that
there are more useful tests of cognitive status, such as
the Montreal Cognitive Assessment (MoCA).*® However,
even this test is not a substitute for assessing global cog-
nitive function. Global cognitive function should only be
assessed by aggregating scores from multiple cognitive
measures.


https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy033#supplementary-data
https://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpy033#supplementary-data
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Clinical Trials of Blood Pressure Lowering and Antihypertensive Medication

RCTs of antihypertensive medication use and dementia

Four RCTs of antihypertensive medication use and inci-
dent dementia met criteria for inclusion and are summa-
rized in Table 2. All RCTs included a placebo condition,
although primary active treatment differed for each trial.
Significant reduction in risk for dementia was found in 2 of 4
trials, with a 12% reduction in risk for participants taking an
angiotensin-converting enzyme inhibitor in the PROGRESS
trial*” and a 50% reduction in risk for participants taking a
calcium channel blocker in the Sys-Eur trial.>!

Sample size and trial length ranged from 2,418 partici-
pants followed for 2.0 years in the Sys-Eur trial®! to 6,105
participants followed for 3.9 years in the PROGRESS trial.*”
The MMSE was used to screen for cognitive impairment
and identify participants in need of further evaluation.
Dementia was diagnosed in 1 trial using the ICD-10 crite-
ria, in 2 trials using the DSM-IV criteria and in 1 trial using
the DSM-III-Revised criteria. Assessment of dementia also
included cranial imaging in 3 trials and the Hachinski ische-
mic score in 2 trials, when records of these were available.
All 4 trials met our criteria for state-of-the-art assessment
based on using standard criteria for diagnosing dementia.
However, only 2 (i.e., PROGRESS and SCOPE) were con-
ducted for at least 3 years. It is regrettable that we have no
dementia trials extending at least 5 years. Length of follow-
up time could be increased if more trials focused on demen-
tia as a primary instead of a secondary study outcome. From
a qualitative perspective, we would prefer more detailed
reporting with regard to how the various criteria for demen-
tia were met. Specifically, we encourage adopting a standard,

comprehensive systematic case review approach to diagno-
sis as illustrated by previous studies relating BP to dementia
(e.g., Elias* and Qui®?). More information on methodological
issues in the design of dementia studies can be found in the
paper by Kennelly et al.>

Study priorities and the assessment of cognitive outcomes

One could argue that our criteria for state-of-the-art
assessment of cognitive outcomes are impossible to meet.
Inclusion of multiple cognitive measures and long follow-
up periods may be difficult in terms of participant burden,
time, and budget constraints, but these limitations are self-
imposed and determined by study priorities. Table 3 displays
the primary and secondary outcomes of each trial identified
in this review. Out of 12 RCTs examining change in cogni-
tive function, only 5 included cognition as a primary study
outcome. Three of 4 RCTs examining dementia included
dementia as a primary study outcome, although 1 of these
studies was terminated early. Greater focus on cognition and
dementia as primary study outcomes would allow more time
and resources to be devoted to state-of-the-art assessment.

A STATE-OF-THE-ART TRIAL IN PROGRESS

The Memory and cognition IN Decreased hyperten-
sion (MIND) component of the Systolic blood PRessure
Intervention Trial (SPRINT) is an ongoing RCT that meets
our criteria for state-of-the-art assessment of cognitive out-
comes. Set to be completed in 2019,> the SPRINT MIND’s
primary goal is to determine whether aggressively lowering

Table 2. Summary of clinical trials examining the effects of antihypertensive medication use on risk for dementia (reverse chronological

order)
Study Study design Dementia assessment Change in BP across the study period Dementia risk
HYVET-COG, Treatment arms: diuretic DSM-IV criteria Systolic/diastolic BP fell more in the No difference in dementia
20084° (indapamide) + ACEI and images from a diuretic group than the placebo group  risk between groups
(perindopril) vs. placebo  cranial CT scan or the  (15/5.9 mm Hg differences)
Study length = 2.2 years  Hachinski ischemic
n= 3,336 score
SCOPE, Treatment arms: ARB ICD-10 criteria and Systolic/diastolic BP fell more in No differences in dementia
200550 (candesartan) + diuretic ~ images from a cranial  the ARB group than the placebo risk between medication
(HCTZ) vs. placebo CT scan or MRI if group (2.5/1.9 mm Hg differences in groups
Study length = 3.7 years  available participants with low cognitive function
n=4.937 and 3.3/1.5 mm Hg differences
in participants with high cognitive
function at baseline)
PROGRESS, Treatment arms: ACEI DSM-IV criteria Systolic/diastolic BP fell more in the Participants in the ACEI
2003% (perindopril) £ diuretic ACEI group than in the placebo group  group had a 12% reduction
(indapamide) vs. placebo (9/5 mm Hg difference) in risk for dementia
Study length = 3.9 years compared with the placebo
n=6,105 group
Sys-Eur Trial, Treatment arms: CCB DSM-III-R criteria and  Systolic/diastolic BP fell more in the Participants in the CCB
1998°%1 (nitrendipine) + ACEI the modified ischemic ~ CCB group than the placebo group group had a 50% reduction

(enalapril) + open-label
HCTZ vs. placebo
Study length = 2.0 years
n=2418

score (including
cranial CT scan) or the
Hachinski score

(8.3/3.8 mm Hg differences)

in risk for dementia
compared with the placebo
group

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel
blocker; CT, computed tomography; DSM, Diagnostic and Statistical Manual of Mental Disorders; HCTZ, hydrochlorothiazide; ICD, International
Classification of Diseases; MRI, magnetic resonance imaging; PROGRESS, Perindopril Protection Against Recurrent Stroke Study; HYVET,
Hypertension in the Very Elderly Trial; SCOPE, Study on Cognition and Prognosis in the Elderly; Sys-Eur, Systolic Hypertension in Europe.
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systolic BP to <120 mm Hg as opposed to the conventional
<140 mm Hg reduces: (i) incidence of all-cause dementia;
(ii) rate of decline in global and domain-specific cognitive
function; and (iii) volume of small vessel ischemic disease.
Table 4 provides a brief overview of the SPRINT MIND as it
is described in the most recent SPRINT protocol.>®

Study 1 meets criteria for state-of-the-art dementia assess-
ment, identifying cases of all-cause dementia over the course
of 5 years using a comprehensive systematic case review
approach and well-established diagnostic criteria. Study 2 is
the first trial to be discussed in this review that meets both
criteria for state-of-the-art cognitive assessment. Nine tests
are used to assess multiple cognitive abilities and SPRINT
MIND investigators plan to use several tests to create two
domain scores: Hopkins Verbal Learning Test, Logical
Memory and Modified Rey-Osterrieth Complex Figure
will be used to index Memory and; Digit Symbol Coding
and Trail Making Test parts A and B will be used to index
Processing Speed. Study 3 uses magnetic resonance imaging
to investigate small vessel ischemic disease and total brain
volumes longitudinally, a valuable addition to any study of
BP and cognition.*

Though the Study 2 protocol indicates that 2 compos-
ite scores will be created, it is also possible to index the
Language domain using the Boston Naming Test and
Category Fluency. We note that the investigators identify the
MoCA as a reliable instrument for characterizing global cog-
nitive functioning.> While the MoCA is a useful measure
of cognitive status, we recommend assessing global cogni-
tive function by aggregating scores from multiple cognitive
measures. The SPRINT MIND provides one possible model
for cognitive assessment in future trials. Other approaches
are discussed in the following section.

MODELS FOR STATE-OF-THE-ART COGNITIVE TEST
BATTERIES

The major issue with RCTs of antihypertensive medica-
tion use and cognitive function, with the exception of the
ongoing SPRINT MIND, is that there seem to be no guid-
ing principles for test selection. Batteries varied in size and
the cognitive tests selected, making it difficult to compare
outcomes between trials. Six of the 12 RCTs examined used
test batteries containing 4 or more tests, meeting our criteria
for state-of-the-art cognitive assessment. However, 4 RCTs
used only 1 test, 1 RCT used 2 tests, and 1 RCT used 3 tests.
Considering consistency in test selection between trials, 18
of 22 tests examined were used in <3 trials and the most
commonly used test, the MMSE, was used in only 6 trials.
No RCTs employed a hierarchical design in which tests were
used to assess higher order cognitive domains. It is also of
interest to note that many of the tests used assess abilities
that are not involved in the progression from normal cogni-
tive function to dementia.

There are many ways to design better cognitive test bat-
teries for use in RCTs. One way is to consult the literature
and choose cognitive tests that are commonly used in BP
and cognition research. Test batteries used to examine the
original Framingham Cohort and Framingham Offspring
Cohort®® are short and have been used in many studies of BP,
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stroke, cardiovascular disease, and dementia.* For example,
a study of the original Framingham Cohort conducted by
Elias et al.”” found that lower functioning on 4 of 9 cognitive
measures (Logical Memory, Similarities, Paired Associate
Learning, and a Learning and Immediate Recall compos-
ite) at baseline predicted increased risk of dementia over a
22-year follow-up period (odds ratios ranging from 1.31 to
1.57). These tests could be useful in future RCTs and simi-
lar, well-established measures can be found with a thorough
search of the literature.

With regard to domain selection, the WAIS IV (Figure 4)
includes 4 cognitive domains and provides multiple tests
with which to index them.!” With a generous allotment
of time for a RCT, one could use the full WAIS IV, pos-
sibly with the addition of measures of Executive Function.
If time is restricted, we have selected 2 tests to index each
domain: Information and Similarities to index Verbal
Comprehension; Digit Span and Letter Number to index
Working Memory; Picture Completion and Block Design
to index Perceptual Organization and; Digit Symbol Coding
and Symbol Search to index Processing Speed. Many other
test batteries based on theoretical frameworks are also avail-
able and would be appropriate for use in a clinical trial.

Taking a more clinical approach, the most state-of-the-art
assessment protocol would select domains that have been
previously associated with conversion to dementia. These
domains and the 2 tests we have selected to index them are as
follows: Hopkins Verbal Learning Test* and Logical Memory
Test> to index Episodic Memory; Boston Naming Test® and
Pyramid and Palm Trees Test®! to index Semantic Memory;
Letter-Number Sequencing® and Paced Auditory Serial
Addition Test?® to index Working Memory; Trail Making
Test Part B* and Controlled Oral Word Association Test*
to index Executive Functioning; Brief Test of Attention®® and
Digit Span Forward® to index Attention and; Verbal Fluency
Test® and Token Test?® to index Language. An excellent
chapter on the diagnosis of dementia written by Rainville
et al.% discusses how each domain is affected by the disease.
Other tests that could be used to index these domains are
provided in Supplement 2, Table 2s. Final selection of tests
and domains is up to the investigator and should be based on
the specific goals of the study. The examples provided here
show how one might select domains and the tests used to
index them.

Electronic-based cognitive testing

Our review does not consider technological advances in
state-of-the-art assessment criteria. However, it is import-
ant to note that recent advances have begun to shift cogni-
tive assessment away from the traditional pencil-and-paper
paradigm to one which is electronic in nature. Computerized
adaptations of established paper-based cognitive measures are
now widely available, saving time, and improving accuracy
through more consistent administration, adaptive presenta-
tion of items and automated scoring.®* However, both forms
of assessment utilize tasks that have few real-world counter-
parts and have thus been criticized as having limited ability to
predict everyday functional performance and impairment.**
Virtual reality-based measures have been proposed as an
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Table 3. Outcomes and early termination in RCTs of cognitive function and incident dementia

Study

Primary outcome

Secondary outcome

Early termination

AVEC Trial, 2012%2
ONTARGET, 201133

TRANSCEND
Trial, 201133

HYVET-COG, 2008*°

PROFESS Trial, 200834

PROBE Study, 2006%

SCOPE, 2005%°

PROBE Study, 2004%

PROGRESS, 2003%

Sys-Eur Trial, 19985

MRC Treatment Trial of
Hypertension in Older
Adults, 19963

HOPE Study, 1996%°
SHEP Study, 199440

Croog et al., 199441

Croog et al., 1986%2

Cognitive function

CV composite (CV death,
MI, stroke, heart failure)
All-cause mortality

CV composite (CV death, MI,
stroke, heart failure)
All-cause mortality

Dementia

Recurrent stroke

Ambulatory BP (SBP, DBP,
HR, trough to peak ratio)

Major CV events (M, stroke, CV
death)
Dementia

BP (SBP, DBP)
HR

Dementia
Cognitive decline

Stroke

Stroke

Coronary events
All CV events
All-cause mortality

Cognitive function
Stroke

Quality of life (well-being, physical
status, emotional state, cognitive
function, social roles)

Quality of life (well-being, physical
status, emotional state, cognitive
function, social roles)

None listed

Incident heart failure
Revascularization procedures
Incident diabetes
Nephropathy

Incident atrial fibrillation
Cognitive impairment
Cognitive decline

Incident heart failure
Revascularization procedures
Incident diabetes
Nephropathy

Incident atrial fibrillation
Cognitive impairment
Cognitive decline

All-cause mortality
Heart failure
Stroke

Disability following recurrent
stroke

Any CV event

(stroke, MI, CV death)
Cognitive function

Cognitive function

None listed

Cognitive function

Dementia with recurrent stroke
Other dementia

Cognitive decline with recurrent
stroke

Other cognitive decline

Dementia
Cognitive function

None listed

Physical, emotional and cognitive
function
Leisure activities

None listed

None listed

No
No

No

Yes (The main trial was stopped
early because a substantial reduction
in total mortality and stroke was
established at the second preplanned
interim analysis. Not all patients who
entered the HYVET trial reached at
least 1 year of follow-up, as required
for the assessment of any change in
cognitive function.)

No

No

No

No

No

No
No

No
No

No

No

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CV, car-
diovascular; DBP, diastolic blood pressure; DSM, Diagnostic and Statistical Manual of Mental Disorders; HCTZ, hydrochlorothiazide; HR,
heart rate; ICD, International Classification of Diseases; MI, myocardial infarction; MRC, Medical Research Council; PROGRESS, Perindopril
Protection Against Recurrent Stroke Study; HYVET, Hypertension in the Very Elderly Trial; SCOPE, Study on Cognition and Prognosis in the
Elderly; Sys-Eur, Systolic Hypertension in Europe; SBP, systolic blood pressure.

alternative way to assess cognition through immersion in an
interactive, 3-dimensional environment that contains tasks
embedded in ecologically valid scenarios.546°

A recent meta-analysis of 18 studies conducted by Negut et al.%5
indicates that virtual reality-based measures can detect impair-
ment in Executive Function, Memory, and Visuospatial Abilities
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Table 4. Overview of the SPRINT MIND

Assessment protocol

Studies Length and sample
Study 1. Determine whether 5 years

lowering systolic BP to <120 mm n=9,250; all SPRINT
Hg will reduce the incidence of participants

all-cause dementia more than

lowering systolic BP to <140 mm Hg

Study 2. Determine whether function in 4 years

global cognition and key cognitive
domains will decline less when systolic
BP is lowered to <120 mm Hg
compared with <140 mm Hg

n = 2,800; subsample
of SPRINT participants

Study 3. Determine whether
magnetic resonance imaging-derived
changes in brain structure differ
when systolic BP is lowered to

<120 mm Hg compared with

<140 mm Hg

4 years

of Study 2 participants

n = approx. 640; subsample

Possible cases of dementia will be identified using a brief
Cognitive Screening Battery? administered at baseline,

2 years, 4 years, and closeout. Participants scoring below a
cut-point for impairment will be administered the Extended
Cognitive Assessment Battery®. All test and questionnaire
data will be submitted to a panel of experts who will diagnose
probable dementia using DSM-IV criteria

All participants will complete the Cognitive Screening Battery
and Extended Cognitive Assessment Battery at baseline,

2 years and 4 years. Tests will be used to create composite
scores for two cognitive domains, Memory and Processing
Speed, which will be used in addition to individual test scores

Magnetic resonance imaging will be performed at baseline
and 4 years to obtain small vessel ischemic disease and
total brain volumes

Abbreviations: BP, blood pressure; DSM, Diagnostic and Statistical Manual of Mental Disorders; MIND, Memory and cognition IN Decreased

hypertension; SPRINT, Systolic blood PRessure Intervention Trial.

aThe Cognitive Screening Battery includes: the Montreal Cognitive Assessment, Digit Symbol Coding test and Logical Memory test.
bThe Extended Cognitive Assessment Battery includes: the Hopkins Verbal Learning Test, Trail Making Test: Parts A and B, Digit Span test,
Boston Naming Test, Modified Rey-Osterrieth Complex Figure and Category Fluency-Animals.

with moderate sensitivity. However, comparison of these findings
with those of other meta-analyses indicates that sensitivity for
detecting impairment is similar for virtual reality-based, paper-
and-pencil, and computerized measures. As virtual reality-based
assessment does not currently offer an advantage over more trad-
itional measures of cognitive assessment and has several substan-
tial drawbacks (e.g., substantial costs, simulator sickness, and need
for special technological skills),% it is unnecessary for most cogni-
tive research and clinical assessment. We recommend a paper by
Au et al.% that discusses how technological advances will play a
role in the future of state-of-the-art cognitive testing.

LIMITATIONS

Due to the volume of the literature, we cannot be certain
that we have retrieved all RCTs meeting criteria for the review.
However, we feel that a reasonable sample has been obtained and
that all relevant trials meeting our criteria have been included.

SUMMARY AND CLINICAL RELEVANCE

We have reviewed RCTs with respect to state-of-the-art
assessment of cognitive function and dementia. All previous
trials of dementia met our state-of-the-art criteria for use of
well-established diagnostic criteria, but only 2 met criteria
for trial length. No previous trials of cognitive function met
state-of-the-art criteria, as they did not include multiple tests
of ability that index multiple cognitive domains. The diversity
of cognitive tests used across all RCTs and the frequent use of
a single test to assess cognitive function are problematic and
represent an unguided approach to test selection. However,
construction of a state-of-the-art test battery based on a the-
oretical framework that includes clinically relevant cognitive
domains is possible and important in RCTs of BP lowering
and antihypertensive medication use. The argument that our
recommendations are unrealistic can be countered by the
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argument that, though time and cost limitations exist, find-
ing ways to prevent or reduce cognitive decline is extremely
important and must not take a back seat to other trial goals.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of
Hypertension online.
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