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IMPORTANCE Observational studies indicate that lower blood pressure (BP) increases risk for
cognitive decline in elderly individuals. Older persons are at risk for impaired cerebral
autoregulation; lowering their BP may compromise cerebral blood flow and cognitive function.

OBJECTIVE To assess whether discontinuation of antihypertensive treatment in older persons
with mild cognitive deficits improves cognitive, psychological, and general daily functioning.

DESIGN, SETTING, AND PARTICIPANTS A community-based randomized clinical trial with a blinded
outcome assessment at the 16-week follow-up was performed at 128 general practices in the
Netherlands. A total of 385 participants 75 years or older with mild cognitive deficits (Mini-Mental
State Examination score, 21-27) without serious cardiovascular disease who received antihyper-
tensive treatment were enrolled in the Discontinuation of Antihypertensive Treatment in Elderly
People (DANTE) Study Leiden from June 26, 2011, through August 23, 2013 (follow-up, December
16, 2013). Intention-to-treat analyses were performed from January 20 through April 11, 2014.

INTERVENTIONS Discontinuation (n = 199) vs continuation (n = 186) of antihypertensive
treatment (allocation ratio, 1:1).

MAIN OUTCOMES AND MEASURES Change in the overall cognition compound score.
Secondary outcomes included changes in scores on cognitive domains, the Geriatric
Depression Scale–15, Apathy Scale, Groningen Activity Restriction Scale (functional status),
and Cantril Ladder (quality of life).

RESULTS Compared with 176 participants undergoing analysis in the control (continuation)
group, 180 in the intervention (discontinuation) group had a greater increase (95% CI) in
systolic BP (difference, 7.36 [3.02 to 11.69] mm Hg; P = .001) and diastolic BP (difference,
2.63 [0.34 to 4.93] mm Hg; P = .03). The intervention group did not differ from the control
group in change (95% CI) in overall cognition compound score (0.01 [−0.14 to 0.16] vs −0.01
[−0.16 to 0.14]; difference, 0.02 [−0.19 to 0.23]; P = .84). The intervention and control groups
did not differ significantly in secondary outcomes, including differences (95% CIs) in change
in compound scores of the 3 cognitive domains (executive function, −0.07 [−0.29 to 0.15;
P = .52], memory, 0.08 [−0.12 to 0.29; P = .43], and psychomotor speed, −0.85 [−1.72 to
0.02; P = .06]), symptoms of apathy (0.17 [−0.65 to 0.99; P = .68]) and depression (0.14
[−0.20 to 0.48; P = .41]), functional status (−0.72 [−1.52 to 0.09; P = .08]), and quality-of-life
score (−0.09 [−0.34 to 0.16; P = .46]). Adverse events were equally distributed.

CONCLUSIONS AND RELEVANCE In older persons with mild cognitive deficits, discontinuation
of antihypertensive treatment did not improve cognitive, psychological, or general daily
functioning at the 16-week follow-up.
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M idlife high blood pressure (BP) is a well-known risk
factor for cerebrovascular disease1 and, conse-
quently, cognitive decline in old age.2 However, the

effect of late-life BP on cognition is less clear. Systematic re-
views of observational studies3,4 indicate that in old age a lower
rather than a higher BP increases the risk for cognitive de-
cline. Whether older persons benefit from lowering of BP for
the preservation of cognitive functioning is debatable. In the
Hypertension in the Very Elderly Trial (HYVET), antihyper-
tensive treatment did not reduce the incidence of dementia
in persons 80 years or older.5 Meta-analyses, including the
HYVET and other placebo-controlled, double-blinded trials in
elderly individuals suggest that antihypertensive treatment
does not reduce the risk for dementia6,7 or does so only
marginally.5 The age at which the association between BP and
cognitive functioning is supposed to change is approximately
75 years.8

In late life, a higher BP may be needed to ensure sufficient
cerebral blood flow (CBF). Older persons with established
cerebrovascular disease are at risk for impaired cerebral
autoregulation,9 which normally keeps CBF constant despite
variations in BP. Extensive BP lowering in persons with
impaired cerebral autoregulation may compromise CBF and
result in hypoperfusion,10 which can contribute to cognitive
decline.11,12 In addition, a lower BP in older individuals has
been associated with psychological13 and general daily
dysfunction,14 possibly mediated by a lower CBF.15,16

In the Discontinuation of Antihypertensive Treatment in
Elderly People (DANTE) Study Leiden, a community-based ran-
domized clinical trial with a blinded outcome assessment, we
evaluated whether temporary discontinuation of antihyper-
tensive treatment improves cognitive, psychological, and gen-
eral daily functioning in persons 75 years or older with mild
cognitive deficits who use antihypertensive treatment. Mag-
netic resonance imaging (MRI) and magnetic resonance angi-
ography were performed at baseline to assess the presence of
cerebrovascular disease and CBF. We hypothesized that in-
creasing BP by discontinuation of antihypertensive treat-
ment would improve cognitive, psychological, and general
daily functioning.

Methods
Trial Design and Participants
From June 26, 2011, through August 23, 2013, we performed
a randomized clinical trial in 128 general practices in and
around Leiden, the Netherlands. Patients were eligible for in-
clusion if they were 75 years or older, used antihypertensive
treatment, had a systolic BP (SBP) of 160 mm Hg or less, and
had a Mini-Mental State Examination (MMSE) score of 21 to 27.17

Exclusion criteria were a clinical diagnosis of dementia, use
of antihypertensives for reasons other than hypertension, cur-
rent angina pectoris, cardiac arrhythmia, heart failure, myo-
cardial infarction or a coronary reperfusion procedure less than
3 years ago, a history of stroke or transient ischemic attack, or
a limited life expectancy. Furthermore, persons with a his-
tory of peripheral arterial disease, myocardial infarction, or a

coronary reperfusion procedure or persons with diabetes melli-
tus could participate if their SBP was 140 mm Hg or less.

Our study was approved by the medical ethical commit-
tee of the Leiden University Medical Center. All participants
provided written informed consent after complete written and
verbal description of the study was given in the presence of a
close relative serving as a proxy decision maker.18 The full study
protocol can be found in the trial protocol in Supplement 1. Se-
rious adverse events defined as death, myocardial infarction,
stroke, transient ischemic attack, or any hospitalization be-
tween randomization and the end of follow-up were closely
monitored by a data safety monitoring board. No interim analy-
ses for efficacy or futility were performed.

Randomization and Masking
Concealment of treatment allocation was ensured by a cen-
tral computerized randomization procedure. Participants were
randomly assigned, in a 1:1 ratio, to parallel discontinuation
(intervention group) or continuation (control group) of anti-
hypertensive treatment (Figure 1). Stratified block random-
ization was used (with block sizes of 4 per general practice) to
ensure that intervention and control participants were equally
distributed within general practices. Participants and the phy-
sicians conducting the intervention were not masked to the
allocated intervention. Study outcomes and MRIs were as-
sessed in a standardized manner by research personnel (in-
cluding J.E.F.M., J.C.F.-D., and A.S.B.) masked to the allo-
cated intervention.

Discontinuation of Antihypertensive Treatment
During a 6-week period after randomization, the discontinu-
ation of antihypertensive treatment was performed by the
participant’s physician according to an algorithm composed
by the investigators (eAppendix in Supplement 2). All physi-
cians were instructed to withdraw antihypertensive treat-
ment until a maximum increase of 20 mm Hg in SBP was
reached. During this phase, the physician monitored BP
every week until no further changes in antihypertensive
treatment were made.

Study Procedures
Demographic characteristics were assessed at baseline using
standardized interviews. At baseline and at the follow-up 16
weeks after randomization, BP was measured and cognitive,
psychological, and general daily functioning were assessed
by trained blinded research personnel during home visits.
The time of follow-up was set at 16 weeks because we
expected to detect short-term benefits of the increase in BP
on cerebral perfusion and cerebral functioning after the dis-
continuation of antihypertensive treatment. In addition, this
short follow-up was ethically motivated because discontinu-
ation of antihypertensive treatment for a longer period may
increase the risk for cardiovascular disease. Structured ques-
tionnaires were used to obtain information on medical his-
tory and the use of medication from the physicians. Further-
more, at 6 and 10 weeks after randomization, research
personnel performed BP measurements in all participants.
Blood pressure was measured twice in a sitting position
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using a digital sphygmomanometer on the right arm. The
mean of the 2 measurements was used for the analyses. Dur-
ing the 6- to 16-week period after randomization, the physi-
cian was instructed to restart antihypertensive treatment for
safety reasons when measurements of BP at the home visit
showed a diastolic BP (DBP) of 120 mm Hg or greater, an SBP
of 200 mm Hg or greater (180 mm Hg for participants with
diabetes mellitus or those who had had a cardiovascular
event >3 years ago), or an increase in SBP of 60 mm Hg or
greater relative to baseline. All BP measurements reported
come from the home visits. The date of last follow-up was
December 16, 2013.

Outcomes
At inclusion and follow-up, global cognitive functioning was as-
sessed with the MMSE (range, 0-30, with lower scores indicating
worse functioning).17 In addition, a battery of cognitive tests was
administered, from which we calculated 3 cognitive domain
scores and an overall compound cognitive score. Executive func-
tionwasassessedwiththedifference(Δ)betweenthetimetocom-
plete the Trail Making Test parts A and B19 and the Interference
score of the abbreviated Stroop Color-Word Test (lower scores on
both tests indicate better executive function).20 The Immediate
(3 trials) (range, 0-45 words) and Delayed Recall (range, 0-15
words) performance on the 15-Word Verbal Learning Test (lower

Figure 1. CONSORT Flowchart of the Study

430 Baseline measurements
(236 with baseline MRI)

1572 Ineligible
1277 MMSE score >27

158 Declined to participate
46 Other reasons

24 MMSE score <21
67 Not meeting other inclusion criteria

8 Not meeting inclusion criteria
4 Cardiac arrhythmias
2 History of stroke
1 Angina pectoris
1 SBP ≥160 mm Hg

19 No follow-up measurements
1 Died

11 Withdrew consent
7 Health reasons

10 No follow-up measurements
1 Died
5 Withdrew consent
4 Health reasons

37 Not included
8 Not meeting inclusion criteria

16 MRI chance findings
8 Infarcts

5 Withdrew consent
8 Health reasons

2 Aneurysms
2 Normal-pressure hydrocephalus

1 Internal carotid artery occlusion

1 Meningioma
2 Cavernoma

180 Included in intention-to-treat
analysis (105 with baseline MRI)

2002 Patients assessed for eligibility

393 Randomized
(220 with baseline MRI)

199 Randomized to discontinuation
of antihypertensive treatment
(110 with baseline MRI)
154 Received intervention as

randomized
45 Did not receive intervention

as randomized

176 Included in intention-to-treat
analysis (100 with baseline MRI)

186 Randomized to continuation
of antihypertensive treatment
(105 with baseline MRI)
186 Received intervention as

randomized

MMSE indicates Mini-Mental State
Examination; MRI, magnetic
resonance imaging.
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scores indicate worse memory function) and the Visual Associa-
tion Test (range, 0-12; lower scores indicate worse memory
function)21 were used to measure memory function. Psychomo-
tor speed was evaluated with the Letter Digit Substitution Test22

using the number of correctly coded digits after 90 seconds for
analyses (lower scores indicate worse psychomotor speed). All
of the 6 aforementioned tests were combined in the overall cog-
nition compound score. Compound scores were computed by
converting the raw scores of each test to standardized z scores
[(test score – mean)/SD] and calculating the mean z score across
the tests in each compound. The primary outcome measure was
the change in overall cognition compound score between base-
line and follow-up. Changes in the different cognitive domains
and separate cognitive tests were secondary outcome measures.

Further secondary outcome measures were changes in psy-
chological and general daily functioning. The Apathy Scale was
used to measure symptoms of apathy (range, 0-42 points, with
higher scores indicating more symptoms of apathy),23 and the
Geriatric Depression Scale–15 was used to measure symptoms
of depression (range, 0-15 points, with higher scores indicating
more symptoms of depression).24 General daily functioning was
assessed with the Groningen Activity Restriction Scale (range,
18-72 points, with higher scores indicating lower functioning),25

and quality of life was assessed with the Cantril Ladder (range,
1-10 points, with higher scores indicating better quality of life).26

Interrater reliability was determined by having research
personnel score these outcome measures for 7 participants
using anonymous video registrations. For all tests and ques-
tionnaires, the interrater reliability (Cronbach α) ranged from
0.86 to 1.00.

MRI Substudy
In a nested 3T MRI substudy, MRI and magnetic resonance an-
giography at baseline were performed to assess the presence and
severity of cerebrovascular disease and CBF, respectively. This
substudy is of particular interest because the presence of cere-
brovascular disease may require a higher BP to overcome the in-
creased resistance of narrowed cerebral arterioles and to guar-
antee adequate CBF. The substudy was approved by the medi-
cal ethical committee of the Leiden University Medical Center.
Additional exclusion criteria for this substudy were MRI contra-
indications. A total of 236 participants gave additional written
informed consent for the MRI substudy, which was performed
beforerandomization.Subsequently,16oftheseparticipantswere
excluded from the DANTE Study Leiden owing to incidental MRI
findings, and 15 were excluded who had no follow-up assessment
of cognitive, psychological, or general daily functioning; these
exclusionsleft205participantsforfurtheranalysis(Figure1).The
eAppendix in Supplement 2 provides a detailed description of
MRI and magnetic resonance angiography acquisition and im-
age analyses.

Statistical Analysis
Data analysis was performed from January 20 through April 11,
2014. Assuming a dropout rate of 10% in each arm, we estimated
that 200 participants in each group were needed to detect a mini-
mumstandardizedmean(SD)differenceof0.3(1.0)inoverallcog-
nition compound score between the intervention and control

groups, with a power of 80% at a 5% level of statistical signifi-
cance. Baseline characteristics of the 2 groups are reported as
mean (SD), median (interquartile range), or number (percentage)
where appropriate. Changes in the primary and secondary out-
come measures were calculated by subtracting the baseline score
from the follow-up score and were compared between the 2
groups using linear mixed models with physicians as the random
factor,accordingtotheintention-to-treatprinciple.Weperformed
a per-protocol analysis that included the participants in the in-
tervention group who completely (n = 90) or partially (n = 45)
discontinued antihypertensive treatment and discarded those
whose treatment had not been changed, who had missing data,
or who restarted or were prescribed additional antihypertensive
treatment. Reasons for not receiving the intervention included
having a BP that exceeded safety limits (n = 24), dizziness
(n = 1), dyspnea (n = 1), angina pectoris (n = 2), atrial fibrillation
(n = 3), not showing up for the intervention (n = 4), refusal of the
physician to discontinue medication therapy (n = 1), or unknown
reasons (n = 9). We also assessed the dose-effect association of
the change in SBP (per 10–mm Hg increase) on the change in out-
come measures in the intervention group (n = 180).

We further explored the intervention effect by performing
stratified analyses by median age (80.5 years), the presence of
orthostatic hypotension (defined as a decrease in SBP of ≥20
mm Hg and/or a decrease in DBP of ≥10 mm Hg within 3 minutes
on standing), median Groningen Activity Restriction Scale score
(22 points), and median MMSE score (26 points). Similarly, strati-
fied analyses were conducted by median volume of white mat-
ter hyperintensities (21.7 mL), the presence of microbleeds or la-
cunar infarcts, and median CBF (51.9 mL per 100 g per minute)
in those with a baseline MRI (n = 205).

Missing values were not imputed. P ≤ .05 was considered
statistically significant. All analyses were performed with SPSS
software (version 20.0; IBM Corp).

Results
Figure 1 presents the study flowchart. A total of 199 participants
were randomized to discontinuation of antihypertensive treat-
ment (ie, the intervention group) and 186 to continuation of an-
tihypertensive treatment (ie, the control group). A total of 8 par-
ticipants were excluded after randomization for not meeting eli-
gibility criteria, including 4 with cardiac arrhythmias, 2 with a
history of stroke, 1 with current angina pectoris, and 1 with an SBP
exceeding 160 mm Hg at the time of inclusion. Furthermore, 19
participants in the intervention group and 10 in the control group
had no follow-up measurement. Baseline characteristics of both
groups were well balanced except for a slight imbalance in the
use of β-blockers and in Trail Making Test Δ scores (Table 1).

Figure 2 shows that SBP and DBP at 6, 10, and 16 weeks af-
ter randomization were significantly higher in the intervention
group than in the control group (P < .001 for all). At 16 weeks, the
mean (SE) SBP had increased by 5.4 (1.6) mm Hg and the DBP by
1.3 (0.9) mm Hg in the intervention group compared with a de-
crease of 2.0 (1.5) mm Hg (difference, 7.36 [95% CI, 3.02-11.69];
P = .001) and of 1.3 (0.8) mm Hg (difference, 2.63 [95% CI, 0.34-
4.93]; P = .03), respectively, in the control group. In eTable 1 in
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Supplement 2, more detail is provided on proportions of partici-
pants with various BP changes.

The effect of discontinuation of antihypertensive treatment
after 16 weeks on the overall cognition compound score was a
change (95% CI) of 0.01 (−0.14 to 0.16) in the intervention group
vs −0.01 (−0.16 to 0.14) in the control group (difference, 0.02
[−0.19 to 0.23]; P = .84) (Table 2). The intervention and control
groupsdidnotdiffersignificantlyinsecondaryoutcomes, includ-
ing differences (95% CIs) in change in compound scores of the
3 cognitive domains (executive function, −0.07 [−0.29 to 0.15;
P = .52], memory, 0.08 [−0.12 to 0.29; P = .43], and psychomo-
tor speed, −0.85 [−1.72 to 0.02; P = .06]), symptoms of apathy
(0.17[−0.65to0.99;P = .68])anddepression(0.14[−0.20to0.48;
P = .41]), functional status (−0.72 [−1.52 to 0.09; P = .08]), and
quality-of-life score (−0.09 [−0.34 to 0.16; P = .46]).

In the intervention group, as defined for the per-protocol
analysis (n = 135), at 16 weeks the mean (SE) increase in SBP

Table 1. Baseline Characteristics of All 356 Participantsa

Characteristic

Intervention
Group
(n = 180)

Control
Group
(n = 176)

Demographic

Age, mean (SD), y 81.1 (4.3) 81.5 (4.6)

Male sex 77 (42.8) 70 (39.8)

Educational level, median (IQR), y 9 (6-10) 9 (6-10)

Clinical

BMI, mean (SD) 27 (4.3) 27 (3.8)

Current smoking 21 (11.7) 13 (7.4)

Alcohol consumption >14 U/wk 20 (11.1) 20 (11.4)

CVDb 20 (11.1) 20 (11.4)

Myocardial infarction 11 (6.1) 14 (8.0)

Coronary intervention procedure 5 (2.8) 8 (4.5)

Peripheral arterial disease 7 (3.9) 6 (3.4)

Presence of chronic diseases other
than CVDc

103 (57.2) 106 (60.2)

Diabetes mellitus 36 (20.0) 39 (22.2)

Antihypertensives used

β-Blocker 64 (35.6) 75 (42.6)

Diuretic 99 (55.0) 92 (52.3)

Angiotensin-converting enzyme
inhibitor

60 (33.3) 61 (34.7)

Angiotensin receptor blocker 60 (33.3) 63 (35.8)

Calcium channel blocker 40 (22.2) 40 (22.7)

≥2 Agents 109 (60.6) 110 (62.5)

Psychotropic medication usedd 31 (17.2) 31 (17.6)

SBP, mean (SD), mm Hg 148.8 (21.1) 147.0 (22.3)

DBP, mean (SD), mm Hg 82.3 (10.8) 80.0 (10.7)

Orthostatic hypotensione 86 (47.8) 77 (43.8)

Global cognitive function

MMSE global cognitive functioning
score, median (IQR)f

26 (25-27) 26 (25-27)

Executive function

TMTΔ in time to complete,
median (IQR), sg,h

136 (84-201) 115 (73-190)

Stroop Interference time to complete,
median (IQR), sg

32 (22-50) 31 (21-49)

Memory function

15-WVLT Immediate Recall score,
median (IQR)i

17 (12-20) 16 (12-19)

15-WVLT Delayed Recall score,
median (IQR)i

4 (2-6) 4 (2-6)

VAT score, mean (IQR)j 12 (11-12) 12 (10-12)

Psychomotor speed

LDST psychomotor speed score,
mean (SD), sk

31 (9.0) 31 (10.0)

Psychological functioning

Apathy Scale score, mean (SD)l 11 (4.6) 11 (4.7)

GDS-15 score, mean (SD)m 1 (0-3) 1 (0-3)

General daily functioning

GARS functional status score,
median (IQR)n

23 (18-28) 22 (19-29)

Cantril Ladder quality-of-life score,
mean (SD)o

8 (1.2) 8 (1.1)

(continued)

Table 1. Baseline Characteristics of All 356 Participantsa (continued)

Characteristic

Intervention
Group
(n = 180)

Control
Group
(n = 176)

MRI substudyp

White matter hyperintensity volume,
median (IQR), mL

20 (7.9-56.3) 24 (9.1-55.8)

Microbleeds 27 (25.7) 25 (25.0)

Lacunar infarcts 22 (21.0) 31 (31.0)

CBF, mean (SD), mL/100 g per minute 52.9 (14.3) 50.8 (13.5)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CBF, cerebral blood flow; CVD, cardiovascular
disease; DBP, diastolic blood pressure; GARS, Groningen Activity Restriction
Scale; GDS-15, Geriatric Depression Scale–15; IQR, interquartile range;
LDST, Letter Digit Substitution Test; MMSE, Mini-Mental State Examination;
SBP, systolic blood pressure; TMT, Trail Making Test; VAT, Visual Association
Test; 15-WVLT, 15-Word Verbal Learning Test.
a Unless otherwise indicated, data are expressed as number (percentage) of

participants.
b Includes myocardial infarction, percutaneous coronary intervention, coronary

artery bypass graft more than 3 years ago, or peripheral arterial disease.
c Includes diabetes mellitus, Parkinson disease, chronic obstructive pulmonary

disease, malignant neoplasms, and osteoarthritis.
d Includes antipsychotics, antidepressants, or benzodiazepines.
e Defined as an SBP decrease of 20 mm Hg or more and/or a DBP decrease of

10 mm Hg or more within 3 minutes on standing.
f Scores range from 0 to 30, with lower scores indicating worse functioning.
g Lower scores indicate better functioning.
h Δ indicates the difference between TMT parts A and B.
i Scores range from 0 to 45 for the 15-WVLT Immediate Recall and from 0 to 15

for the 15-WVLT Delayed Recall, with lower scores indicating worse
functioning.

j Scores range from 0 to 12 pictures remembered, with lower scores indicating
worse functioning.

k Lower scores indicate worse functioning.
l Scores range from 0 to 42, with higher scores indicating more symptoms of

apathy.
m Scores range from 0 to 15, with higher scores indicating more symptoms of

depression.
n Scores range from 18 to 72, with higher scores indicating lower functioning.
o Scores range from 1 to 10, with higher scores indicating better quality of life.
p The 205-participant substudy includes 105 in the intervention group and 100

in the control group.
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was 11.1 (1.9) mm Hg and the increase in DBP was 4.3 (1.0)
mm Hg. In accordance with the intention-to-treat analysis, the
per-protocol analysis showed that the change in the overall cog-
nition compound score did not differ between the interven-
tion and control groups (difference, 0.01 [95% CI, −0.22 to
0.24]; P = .92) (eTable 2 in Supplement 2). Furthermore, in the
intervention group, the dose-effect association of the in-
crease in SBP showed no effect on any of the outcome mea-
sures (eTable 3 in Supplement 2).

Figure 3 presents a forest plot of the results of exploratory
subgroup analyses according to age, presence of orthostatic hy-
potension, Groningen Activity Restriction Scale score, and MMSE
scoreamongallparticipantsandaccordingtothevolumeofwhite
matter hyperintensities, presence of microbleeds, presence of
lacunar infarcts, and CBF in participants in the MRI substudy. In
these subgroups, the change in the overall cognition compound
score was not significantly different when comparing the inter-
vention with the control group.

The number of serious adverse events did not differ between
the 2 groups. In the intervention and control groups, 1 death, 1
myocardial infarction, and 1 transient ischemic attack occurred
during the 16-week follow-up, whereas only 1 stroke occurred in
the intervention group. The number of hospitalizations (exclud-
ing those related to aforementioned vascular events and deaths)
was 9 in the intervention group and 10 in the control group
(eTable 4 in Supplement 2).

Discussion
In this community-based randomized clinical trial with blinded
outcome assessment, discontinuation of antihypertensive treat-
ment in persons 75 years or older with mild cognitive deficits did
not improve their cognitive, psychological, or general daily func-
tioning at the 16-week follow-up compared with continuation of
antihypertensive treatment. Exploratory analyses in subgroups

Table 2. Change in Outcome Measures in the Intervention vs Control Groupsa

Outcome

Mean Difference in Score (95% CI)

P Value
Intervention Group
(n = 180)

Control Group
(n = 176)

Primary Outcome

Overall cognition, compound scoreb 0.01 (−0.14 to 0.16) −0.01 (−0.16 to 0.14) .84

Secondary Outcomes

Domains

Executive function, compound score −0.04 (−0.19 to 0.12) 0.04 (−0.12 to 0.19) .52

Memory function, compound score 0.04 (−0.11 to 0.19) −0.04 (−0.20 to 0.11) .43

LDST, psychomotor speed −0.25 (−0.90 to 0.40) 0.60 (−0.06 to 1.26) .06

Cognitive tests

MMSE Global Cognitive Functioning score 1.15 (0.85 to 1.45) 0.81 (0.51 to 1.12) .12

Stroop Interference score, s −4.05 (−9.33 to 1.24) −1.83 (−7.09 to 3.43) .53

TMTΔ, s 9.07 (0.43 to 17.71) −0.99 (−9.81 to 7.82) .11

15-WVLT Immediate Recall score 1.17 (0.54 to 1.81) 0.93 (0.28 to 1.57) .58

15-WVLT Delayed Recall score 0.47 (0.15 to 0.78) 0.31 (−0.01 to 0.64) .50

VAT score 0.10 (−0.12 to 0.31) −0.04 (−0.26 to 0.18) .38

Psychological and general daily functioning

Apathy Scale score −0.33 (−0.92 to 0.27) −0.50 (−1.10 to 0.10) .68

GDS-15 score −0.05 (−0.29 to 0.19) −0.19 (−0.43 to 0.05) .41

GARS functional status score −0.77 (−1.33 to −0.20) −0.05 (−0.62 to 0.52) .08

Cantril Ladder quality-of-life score −0.14 (−0.31 to 0.04) −0.04 (−0.22 to 0.14) .46

Abbreviations: GARS, Groningen
Activity Restriction Scale;
GDS-15, Geriatric Depression Scale–15;
LDST, Letter Digit Substitution Test;
MMSE, Mini-Mental State
Examination; TMTΔ, Trail Making Test
difference; VAT, Visual Association
Test; 15-WVLT, 15-Word Verbal
Learning Test.
a Includes 356 participants. Test

scores are described in Table 1.
P values were calculated using linear
mixed models with physicians as the
random factor.

b Computed if 5 of the following
6 tests were available: Stroop
Interference, TMTΔ, 15-WVLT
Immediate Recall, 15-WVLT Delayed
Recall, VAT, and LDST. Data were
missing for 3 participants in the
intervention group and 2 in the
control group.

Figure 2. Change in Systolic and Diastolic Blood Pressure Over Time
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of older persons, those with orthostatic hypotension, worse cog-
nitive or general daily functioning, lower CBF, or more white mat-
ter hyperintensities, microbleeds, and/or lacunar infarcts also
showed no benefit from discontinuation of antihypertensive
treatment.

This trial is, to our knowledge, the first to assess the ef-
fect of discontinuation of antihypertensive treatment on cog-
nitive functioning in older persons. The premise of our trial was
based on observational evidence in which a lower BP in-
creased the risk for cognitive decline in older persons.3,4

Several factors may explain the lack of effect of the inter-
vention. We may have failed to observe any effect by uninten-
tionally selecting a population with a relatively intact cerebral
autoregulation who were therefore unable to increase cerebral
perfusion. For safety reasons, we selected older persons with-
out serious cardiovascular disease, whereas cerebral autoregu-
lation is more likely to be impaired in those with cardiovascu-
lar disease.27 Furthermore, the recruitment of those older
persons who were willing and able to participate in this trial re-
sulted in a population with an overall high level of cognitive, psy-
chological, and general daily functioning at baseline. However,
stratified analyses in subgroups of older persons who are pos-
siblymostpronetoimpairedcerebralautoregulationalsoshowed
no benefit from the discontinuation of antihypertensive treat-
ment. Furthermore, the study may have been underpowered.
The difference in change in BP between the groups may have

been too small to be able to detect the intended 0.3 standard-
ized mean difference in overall cognition compound scores (an
equivalent of a 0.4-point difference in MMSE score) between
groups within the current sample size. Finally, among elderly
persons,notruerelationmayexistbetweenashort-termincrease
in BP and cognitive function. The relation between a lower BP
and cognitive dysfunction may not be causal but rather attrib-
utable to common causes, such as subtle neurodegenerative ce-
rebral lesions in BP regulation centers28 or cardiac dysfunction.29

Our study has several strengths. Cognitive functioning was
assessed extensively using various well-validated tests for execu-
tive function, memory function, and psychomotor speed, which
showed an interrater reliability reflecting high internal consis-
tency. Furthermore, as intended, a significant increase in BP was
attainedintheinterventiongroup.Also,thedropoutratewaslow,
and the degree of data capture was high. Finally, by performing
neuroimaging, we were able to assess the influence of cerebro-
vascular disease and CBF in a subset of participants.

Somelimitationsneedtobeconsidered.Theparticipantsand
physicians conducting the intervention were not blinded to the
allocated treatment because no placebo was used. Nevertheless,
study outcomes and MRIs were assessed in a standardized man-
ner by blinded research personnel to prevent information bias.
Finally, by performing neuroimaging in a subset of participants
we were able to assess the effect of discontinuation of antihyper-
tensivetreatmentinthosepersonswithmorecerebrovasculardis-

Figure 3. Change in Overall Cognitive Compound Score in Subgroups of Participants
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section. Magnetic resonance imaging
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indicates white matter
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ease and/or lower cerebral blood flow at baseline. Thus, conclu-
sionsregardingtheeffectofdiscontinuationofanindividualclass
of antihypertensives are impeded by confounding by indication.

We addressed a narrowly defined research question. There-
fore, we can only conclude that discontinuation of antihyperten-
sive treatment in older persons with mild cognitive deficits and
without serious cardiovascular disease has no short-term cog-
nitive benefit. We cannot exclude that a sustained increase in BP
during a longer period may prevent long-term structural dam-
age, such as lacunar infarcts or white matter lesions, and thereby
may prevent cognitive deterioration. Moreover, this trial did not
investigate the potential benefits of discontinuation of antihy-
pertensive treatment in older persons in terms of orthostatic hy-
potension,dizziness,falls,orCBF.Finally,althoughtheincidence
of serious adverse events, such as cardiovascular events and
deaths, was similar between the groups during the 16 weeks of
follow-up, this trial was not designed to assess long-term risks
of discontinuation of antihypertensive treatment.

Current evidence states that antihypertensive treatment in
very old persons reduces the risk for cardiovascular morbidity
and mortality,30 with no effect on total mortality.31 For the pre-
sent, trials in older persons indicate no increased or decreased
risk for cognitive decline from antihypertensive treatment.5-7

Nevertheless, observational evidence showed that in lower-

functioning older persons, a lower BP was associated with an in-
creasedriskforcognitivedecline14 andtotalmortality.32 Thenew-
est recommendations from the Eighth Joint National Commit-
tee allow BP to be as high as 150/90 mm Hg for persons 60 years
or older.33 Moreover, a recent Canadian guideline that was spe-
cifically developed for lower-functioning (ie, frail) older persons,
although based on limited evidence, recommended starting an-
tihypertensive treatment only if the SBP exceeds 160 mm Hg and,
in general, not to prescribe more than 2 antihypertensive
medications.34

Conclusions
Future randomized clinical trials with longer follow-up should
determine whether older persons with impaired cerebral auto-
regulation might benefit from less stringent BP targets. Nursing
home residents would form a study population of interest be-
cause they often have more serious cerebrovascular disease and
are thus prone to have an impaired cerebral autoregulation. In
persons 75 years or older who were using antihypertensive treat-
ment and who had mild cognitive deficits, discontinuation of an-
tihypertensive treatment did not improve their cognitive, psy-
chological, or general daily functioning after 16 weeks.
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Invited Commentary

A Discontinuation Trial of Antihypertensive Treatment
The Other Side of the Story
Michelle C. Odden, PhD

The overwhelming majority of research and guidelines has fo-
cused on the initiation and intensification of medication
therapy. Not surprisingly, the burden of medication use in older
adults is high; nearly 40% of adults 65 years or older and 50%

of those 80 years or older are
using 5 or more prescription
medications.1 The use of car-
dioprotective medications,

including antihypertensives and statins, is greatest among
those 80 years or older.1 At present, no US guidelines are avail-
able for the discontinuation of blood pressure–lowering medi-
cations, although the 2014 guideline from the panel mem-
bers appointed to the Eighth Joint National Committee2

recommends a higher systolic blood pressure treatment tar-
get among adults 60 years or older. Presumably, this target
would result in the discontinuation of antihypertensive treat-
ments in some older adults, but the consequences of this dis-
continuation and whether those 60 years or older constitute
the right population have been controversial.3 A group from

Canada4 recently released a guideline for frail older adults that
recommended a target systolic blood pressure of 140 to 160
mm Hg and of 160 to 190 mm Hg in those with limited life ex-
pectancy; however, the investigators also note that the guide-
line was based on consensus expert opinion owing to the lim-
ited available evidence in these populations.

Antihypertensive medications are generally safe and have
prevented millions of cardiovascular events and untimely
deaths, although they are not without harm. The question re-
mains whether some population at some time may experi-
ence more harm than benefit from these medications. We are
most comfortable considering discontinuation in the setting
of end-of-life care. For example, we might consider a 75-year-
old patient who is dying of pancreatic cancer and is in the last
2 weeks of her life. Lowering blood pressure is unlikely to be
helpful in this patient and may cause dizziness and increase
the risk for falls. In this example, the choice seems clear. How-
ever, when did the scale shift from net benefit to net harm?
Was it 1 month before death? Was it at the diagnosis of can-

Related article page 1622

Research Original Investigation Discontinuation of Antihypertensive Treatment in Elderly People

1630 JAMA Internal Medicine October 2015 Volume 175, Number 10 (Reprinted) jamainternalmedicine.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a Universiteit Antwerpen User  on 11/18/2015

http://www.ncbi.nlm.nih.gov/pubmed/21148438
http://www.ncbi.nlm.nih.gov/pubmed/21148438
http://www.ncbi.nlm.nih.gov/pubmed/18698210
http://www.ncbi.nlm.nih.gov/pubmed/23126669
http://www.ncbi.nlm.nih.gov/pubmed/23126669
http://www.ncbi.nlm.nih.gov/pubmed/24429060
http://www.ncbi.nlm.nih.gov/pubmed/24429060
http://www.ncbi.nlm.nih.gov/pubmed/20359778
http://www.ncbi.nlm.nih.gov/pubmed/20359778
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://www.ncbi.nlm.nih.gov/pubmed/23973250
http://www.ncbi.nlm.nih.gov/pubmed/23973250
http://www.ncbi.nlm.nih.gov/pubmed/10923061
http://www.ncbi.nlm.nih.gov/pubmed/10923061
http://www.ncbi.nlm.nih.gov/pubmed/8223823
http://www.ncbi.nlm.nih.gov/pubmed/8223823
http://www.ncbi.nlm.nih.gov/pubmed/16822738
http://www.ncbi.nlm.nih.gov/pubmed/1627973
http://www.ncbi.nlm.nih.gov/pubmed/1627973
http://www.ncbi.nlm.nih.gov/pubmed/8961404
http://www.ncbi.nlm.nih.gov/pubmed/8961404
http://www.ncbi.nlm.nih.gov/pubmed/8175162
http://www.ncbi.nlm.nih.gov/pubmed/20543187
http://www.ncbi.nlm.nih.gov/pubmed/20543187
http://www.ncbi.nlm.nih.gov/pubmed/16682574
http://www.ncbi.nlm.nih.gov/pubmed/16682574
http://www.ncbi.nlm.nih.gov/pubmed/12493255
http://www.ncbi.nlm.nih.gov/pubmed/20574244
http://www.ncbi.nlm.nih.gov/pubmed/24324042
http://www.ncbi.nlm.nih.gov/pubmed/24324042
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24987044
http://www.ncbi.nlm.nih.gov/pubmed/24987044
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.4103&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.4309
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.4309

