
Hypertension in the elderly

Classes of antihypertensive agent:
ACE inhibitors (angiotensin converting enzyme inhibitors) (perindopril, ramipril, 
captopril, enalapril, lisinopril, trandolapril, quinapril)
Alpha blockers (doxazosin)
Alpha receptor agonists (clonidine, methyldopa, guanfacine)
ARBs (angiotensin receptor blocker) (candesartan, irbesartan, olmesartan, losartan, 
valsartan, telmisartan)
Beta blocker (acebutolol, atenolol, sotalol, betaxolol, bisoprolol, carvedilol, nadolol, 
propranolol, metoprolol, pindolol, timolol, labetalol
CCBs (Calcium Channel Blockers)
1. Dihydropyridine (nifedipine, amlodipine, nicardipine, clevidipine, isradipine, felodipine, 
nimopidine, nisoldipine)
2. Non-dihydropyridine (verapamil, diltiazem, 
Diuretics
1. Loop (furosemide, ethacrynic acid, torsemide, bumetanide
2. Thiazide (hydrochlorothiazide, metolazone, methyclothiazide, indapamide, 
chlorothiazide, chlorthalidone)
3. Potassium-sparing (spironolactone, amiloride, triamterene)
4. Other (acetazolamide, parnabrom, methazolamide,
Other (reserpine, fenoldopam, phentolamine, aliskiren)

Treatment with antihypertensive agents is beneficial, 
even in the very elderly
“Results from HYVET (Hypertension in the Very Elderly Trial) showed that, at 2-year 
follow-up, antihypertensive drug therapy with indapamide, plus perindopril if needed, 
reduced fatal or nonfatal stroke by 30%, fatal stroke by 39%, all-cause mortality by 21%, 
cardiovascular death by 23%, and heart failure by 64%. These results indicate that 
hypertensive patients aged 80 years and older should be treated with antihypertensive 
drugs.” {Aronow, 2008, Nat Clin Pract Cardiovasc Med, 5, 514-5}
Treatment of persons over 80 who had sustained systolic BP of 160 mm Hg or higher to 
a target BP of 150/80 mm Hg led to significant reductions in strokes, death, and heart 
failure {Beckett et al., 2008, N Engl J Med, 358, 1887-98}
In the Syst-Eur trial, patients over 60 with isolated systolic hypertension (blood pressure 
when seated of 160-219 mm Hg systolic and below 95 mm Hg diastolic) were treated 
with up to three drugs to reduce systolic BP by at least 20 mm Hg to reach a value 
below 150 mm Hg. Active treatment reduced incidence of dementia by 50%, compared 
to placebo, during a median followup by ITT. In the active treatment group, BP 
decreased by 8.3 mm Hg systolic and 3.8 mm Hg diastolic. On average, MMSE scores 
did not change in either group. {Forette et al., 1998, Lancet, 352, 1347-51}



However, overall mortality is not improved
A meta-analysis of outcomes of treatment with antihypertensive drugs for patients aged 
80 and over found  that treatment prevented strokes and heart failure, but did not 
reduce mortality {Gueyffier et al., 1999, Lancet, 353, 793-6}
Mortality may be higher with low as well as high BP
“In the oldest old, high blood pressure is not a risk factor for mortality, irrespective of a 
history of hypertension. Blood pressure values below 140/70 mmHg are associated with 
excess mortality.” {van Bemmel et al., 2006, J Hypertens, 24, 287-92}
“A recent study of elderly veterans {Oates et al., 2007, J Am Geriatr Soc, 55, 383-8} 
found a higher mortality rate among patients aged >80 years with lower BP, raising 
concern about the advisability of aggressive BP targets in the oldest-old, although the 
cohort design may have led to unmeasured confounders that influenced the 
result.” {Bushnell and Colon-Emeric, 2009, Drugs Aging, 26, 209-30}
“In men aged 75 and over low diastolic blood pressure was associated with the greatest 
all cause (p=0.04) and cardiovascular (p=0.02) mortality and higher diastolic blood 
pressure predicted survival.” {Langer et al., 1989, BMJ, 298, 1356-7}
“In a cohort of very old, hypertensive veterans, in subjects with controlled BPs, subjects 
with lower BP levels had a lower 5-year survival than those with higher BPs. This 
suggests that clinicians should use caution in their approach to BP lowering in this age 
group.” {Oates et al., 2007, J Am Geriatr Soc, 55, 383-8}. The article notes that most of 
these male vets were on antihypertensive medication.
A study of BP and mortality in people aged 85 and older found that over 9 years of  
followup, low SBP was associated with risk of death after adjusting for age, sex, 
functional status, and coexisting diseases {Rastas et al., 2006, J Am Geriatr Soc, 54, 

912-8}�

1.74; P 5.02). There was a tendency toward lower mortal-
ity in those with SBP of 160 mmHg or greater (HR 5 0.97,
95% CI 5 0.76–1.05). There was no significant association
between mortality and DBP less than 80 mmHg
(HR 5 1.11, 95% CI 5 0.86–1.42) or DBP of 90 mmHg
or greater (HR 5 0.75, 95% CI 5 0.59–0.96) (Table 2). A
history of hypertension (HR 5 1.06, 95% CI 5 0.83–1.34)
and use of BP-lowering medication (HR 5 1.16, 95%
CI 5 0.92–1.45) were not related to mortality.

SBP less than 140 mmHg was associated with the risk
of death in men and women. The effect of SBP less than
140 mmHg was most obvious during the first 2 follow-up
years (Figure 3). Subjects with SBP less than 140 mmHg did
not survive as long as subjects with higher SBP. The asso-
ciation was particularly strong in subjects who did not have
dementia, cancer, or a history of stroke (Table 3).

DISCUSSION

In this large cohort of very old people (!85), there was an
association between all-cause mortality and SBP less than
140 mmHg even after adjusting for age sex, functional
status (activities of daily living), dementia, cancer, and
cardiovascular diseases. In contrast to some previous
studies,11,13 this association was found for both sexes. The
association was statistically significant in the youngest age

group (85–89), but the trends were similar in the older age
groups. The lack of significance was probably due to the
small number of subjects aged 90 and older.

Previous studies reporting the association between BP
and mortality have shown inconsistent results,25 but sub-
jects aged 85 and older have seldom been the target of pro-
spective studies. Some studies such as the Kungsholmen
project13 and the Framingham Study6 have included par-
ticipants aged 75 and older and have reported a greater
relative risk of death in subjects with low SBP and DBP.
Previous Finnish studies1,3 have detected the highest mor-
tality in those subjects with low SBP and DBP, although one
study1 did not analyze the possible confounders for this
relationship, and the number of very old subjects in the
other study was small.3 Several strengths of the present
study allow reliable conclusions to be drawn. The partic-
ipation rate was exceptionally high (92%), institutionalized
and home-dwelling people were included, the follow-up
time was long (up to 9 years), and collection of information
of deaths was complete. No corrections were used to reduce
the possibility of a type 1 error from multiple comparisons,
and it is possible that some associations occurred by chance.
However, the association between low SBP and mortality is
likely to be a true relationship, because it was consistently
found in all tested subgroups, even after controlling for bi-
ologically relevant confounders.

The explanation for the association between low SBP
and mortality remains unclear. Aging is associated with
many functional and structural alterations to the cardio-
vascular system that may affect BP. The association with
mortality in subjects with low BP has been considered to be
mainly due to concomitant underlying diseases, particularly
cardiovascular disease (e.g., cardiac failure and cardiac
myopathies).6,7,22,23 In these cases, low BP is interpreted as
a marker of approaching frailty or imminent death.24 In the
present study, cardiac failure was more common in subjects
with SBP less than 140 mmHg (68.3%) than in those with
higher SBP (58.5%). Also, mean SBP was lower in subjects
with a history of MI or stroke than in those without car-
diovascular disease (data not shown), although the effect

Table 2. Relative Risk of Death Calculated Using Univari-
ate and Multivariate Cox Proportional Hazards Models

Risk Factor

Univariate Multivariate

Hazard Ratio (95%
Confidence Interval)

Age
85–89 1 1
90–94 1.10 (0.87–1.38) 1.24 (0.96–1.61)
!95 1.21 (0.78–1.88) 1.44 (0.87–2.40)

Male 0.95 (0.76–1.18) 0.78 (0.60–1.01)
Education46 years 1.08 (0.77–1.50) 0.95 (0.66–1.34)
No alcohol use 0.64 (0.51–0.80) 0.82 (0.64–1.05)
Smoking 1.13 (0.65–1.96) 1.97 (1.09–3.52)
Fully independent 0.47 (0.38–0.57) 0.56 (0.42–0.76)
Cancer 1.49 (1.10–2.02) 1.42 (1.00–2.03)
Dementia 2.17 (1.80–2.62) 1.47 (1.15–1.88)
Stroke 2.26 (1.80–2.83) 1.80 (1.37–2.37)
Myocardial infarction 1.30 (1.01–1.68) 1.22 (0.91–1.64)
Arteriosclerosis 1.16 (0.85–1.58) 0.92 (0.63–1.33)
Hypertension 0.97 (0.79–1.19) 1.06 (0.83–1.34)
Congestive heart failure 1.56 (1.30–1.88) 1.23 (0.91–1.64)
Diabetes mellitus 1.34 (1.08–1.67) 1.27 (0.98–1.63)
Blood pressure, mmHg
Systolic

o140 1.52 (1.22–1.90) 1.35 (1.04–1.74)
140–159 1 1
!160 0.85 (0.68–1.05) 0.97 (0.76–1.24)

Diastolic
o80 1.18 (0.94–1.48) 1.11 (0.86–1.42)
80–89 1 1
!90 0.81 (0.65–1.02) 0.75 (0.59–0.96)
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Figure 3. Systolic blood pressure and time to death analyzed
using Kaplan-Meier life-table analysis.

LONGITUDINAL STUDY OF BLOOD PRESSURE AND SURVIVAL IN THE OLD-OLD 915JAGS JUNE 2006–VOL. 54, NO. 6



Low BP and depression
“findings support the existence of a link between low blood pressure and higher levels of 
depressive symptomatology, and also a range of somatic and psychosocial 
symptoms.” {Stroup-Benham et al., 2000, J Am Geriatr Soc, 48, 250-5}
A cross-sectional population-based study including 60,799 men and women aged 20-89 
years who filled in the Hospital Anxiety and Depression Scale, showed that lower blood 
pressures were associated with higher levels of anxiety, depression, and comorbid 
anxiety and depression. Physical impairment, smoking, and angina influenced these 
associations marginally, whereas stroke, MI, use of antihypertensives, and BMI had no 
influence {Hildrum et al., 2007, J Epidemiol Community Health, 61, 53-8}.

�

Low BP and cognition
“Older people taking CCBs were significantly more likely than those using other agents 
to experience cognitive decline.” 

�
{Maxwell et al., 1999, CMAJ, 161, 501-6}
A study of 385 individuals (2/3 female) average age 83, looked at systolic blood 
pressure (SBP) and MMSE scores over 4 years of followup. A medical history of arterial 
hypertension was associated with lower MMSE scores and a higher prevalence of 
dementia and cognitive decline at baseline. However, intact cognition through the 

depression, and possibly also anxiety, could result in over-
estimation of somatic health problems. Therefore, it is difficult
to assess if physical impairment had a mediating effect on the
associations or represented some type of information bias.
Smoking was the second most influential covariate. Activation
of cerebral nicotinergic receptors is reported to have effects on
anxiety and depression,24 and adverse haemodynamic effects.25

However, the influence of nicotine on the relationship of low
blood pressure with anxiety and depression is probably quite
complex.

In our study, use of drugs for hypertension did not influence
the association of low blood pressure with anxiety and
depression. This is in line with geriatric studies finding no
effect of drugs against hypertension on the association between
low blood pressure and depression.13–15 Similarly, previous
studies also found that antidepressants did not influence this
association.6 13 In our sample, 2.9% of participants reported
using drugs for depression during some part of the year before
the survey; at the time of the blood pressure measurement,
about half of these were currently using drugs for depression.
As the use of drugs for depression is an alternative measure of
depression besides the HADS, we did not include the use of
antidepressants due to the risk of over-adjustment. However,
the association was maintained, although weakened, when

people using drugs for depression were excluded from the
analyses.

The strengths of this study are the examination of the whole
adult population within a geographical area that is fairly
representative of Norway, and with a high participation rate19;
the standardised assessment of blood pressure, and symptoms
of anxiety and depression; the exploration of the whole blood
pressure range; and the multivariable analyses with adjustment
for several factors, of whom many are known to influence blood
pressure, and anxiety and depression.

It might be argued that in this study, the blood pressure
measurement, and to a lesser degree the HADS, give only a
‘‘snap-shot’’ of the participants’ situation. In epidemiological
studies, however, screening measurements, and not clinical
diagnosis, are the standard. Statistically, slightly reduced
validity of measuring either blood pressure or mental symptoms
would weaken rather than strengthen any association between
them. Clinically, anxiety often increases blood pressure at
measurement,26 making it unlikely that this ‘‘white coat effect’’
could strengthen the association with low blood pressure.
Therefore, measurement bias may probably not explain the
observed associations.

Previously, medicine regarded the association between low
blood pressure and mental symptoms as part of a ‘‘constitu-
tional hypotension’’ or a ‘‘hypotensive syndrome’’. A ‘‘hypo-
toner symptomenkomplex’’ is still mentioned in a new German
textbook.27 In English-speaking countries, from 19402 until
now, the dominant attitude has been far more unanimous:
chronic low blood pressure does not produce symptoms. Several
papers have reflected this controversy: a study in 1997 found no
link between low blood pressure and psychological dysfunction
or fatigue, and questioned the findings in earlier studies.18 In
the same year, however, other authors asked if hypotension
was a forgotten illness.28 Since then, studies have linked low
blood pressure to depression,6 14 15 sleep-disordered breathing,29

higher risk of dementia in elderly people30 and the development
of chronic fatigue.31

What mechanisms could be involved in the relationship of
low blood pressure with anxiety and depression? Neurones that
control blood pressure are reported to express neuropeptide Y;
this peptide seems to reduce both blood pressure and anxiety,
and lowers the sympathetic outflow.32 Neuropeptide Y is only
one of a large number of neurotransmitters or neuromodulators
that are involved in different stress responses. Two main
systems play a pivotal part: the hypothalamic–pituitary–
adrenocortical axis and the renin–angiotensin system.33 The
neuroendocrine mechanisms involved are most likely very
complicated and only partly understood at present.

Our data give epidemiological evidence for an association of
low blood pressure with anxiety and depression in adults,
independent of age and sex. We want to underline that: (1) our
findings could not be ascribed to lowering of blood pressure by
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Figure 1 Association of systolic blood pressure with anxiety, depression, and comorbid anxiety and depression. These generalised additive model (GAM)
plots represent the relationships of continuous systolic blood pressure with cases of anxiety, depression, and comorbid anxiety and depression, respectively,
with adjustment for age, sex and education. The bold lines give the odds ratios (ORs) on a log scale, where OR = 1.00 corresponds to the mean value of the
systolic blood pressure. The dotted lines represent 95% confidence interval (CI).
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Figure 2 Effect of adjustments for covariates on the association of 0–5
centile systolic blood pressure with comorbid anxiety and depression. All
effects (odds ratios (ORs) compared with the 41–60 centile systolic blood
pressure) were adjusted for age, sex and education. Bars show 95%
confidence interval (CI). The basic covariate model included terms for age,
sex and education. Antihypert.med., drugs for hypertension;
phys.impairment, physical impairment.
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other antihypertensive agents or diuretics to experience
cognitive decline during the 5-year follow-up period of the
CSHA. This higher risk was unchanged after adjustment
for several potential confounding factors and was evident
for users of non-dihydropyridine CCBs only. The lack of a
significant risk of cognitive decline among subjects using
dihydropyridine CCBs may be related to the small sample
numbers or to differential attrition rates (or both), in that
we also found a significantly higher risk of death among
nifedipine users (but not among users of diltiazem or vera-
pamil) than among β-blocker users in the larger CSHA
sample. These findings are consistent with the results of
previous research on this topic1 and with the results of 2
randomized trials, which illustrated no difference in cogni-
tive function between subjects exposed to a thiazide and
those receiving a β-blocker22 or an ACE inhibitor.23 We
found no significant association between cognitive decline
and use of ACE inhibitors, other antihypertensive drugs or
diuretics relative to use of β-blockers.

A higher rate of vascular cognitive impairment (vascular
dementia, possible Alzheimer’s disease with a vascular com-
ponent or vascular cognitive impairment without dementia)
and a trend toward a greater likelihood of admission to an
institution at follow-up were found among the subjects tak-
ing CCBs than among those taking other agents. Both of
these associations may reflect underestimates, because
some of the subjects who were lost to the analyses because
of death may have had dementia, and, as noted above, users
of dihydropyridine CCBs had a significantly higher risk of
death than users of other antihypertensive agents.

Heckbert and associates1 reported significantly lower
mean 3MS scores for users of both CCBs and loop diuret-
ics. Although we excluded users of loop diuretics from the

present analyses, we also found a significantly higher risk of
cognitive decline within this group (data not shown). It is
possible that CCBs and loop diuretics pose a particular risk
for some patients by increasing the likelihood of episodic
decreases in blood pressure and cerebral blood flow. Other,
as-yet-unexplored mechanisms may also be involved.

Age, nitrate use and, to a lesser extent, history of dia-
betes were also associated with cognitive decline. The rela-
tion of age to cognitive impairment is well known.17,24,25

There is also evidence of an increased risk of cognitive im-
pairment with diabetes.5,26,27 The relevance of the significant
inverse association observed for nitrate use is uncertain and
warrants further exploration.

A particular strength of this investigation is that it is
based on data from a 5-year prospective study. This al-
lowed us to establish a temporal relation between use of an-
tihypertensive drugs and cognitive decline. Most subjects
taking a CCB at baseline had been doing so for a consider-
able length of time and also reported such use at follow-up.
The present analyses included a larger sample of older hy-
pertensive persons and a longer follow-up period than did a
previous longitudinal investigation.2 Because the CSHA
was initiated to explore the epidemiology of dementia,
many of the relevant risk factors for cognitive impairment
were assessed and could be adjusted for in our analyses.

One concern with the interpretation of our findings is the
potential for confounding by indication. We attempted to
control for possible comorbid differences between users of
CCBs and other agents with multivariate adjustment and by
selecting β-blocker users as the reference group (CCBs and
β-blockers are both indicated for treatment of hypertension
or angina). However, the possibility remains that these drugs
may have been preferentially prescribed for more severely ill
patients or that their use may represent a proxy for some un-
measured variable predisposing to cognitive decline. Al-
though only a general measure of cardiac symptoms was
available at baseline, we attempted to address this limitation
by incorporating CSHA-2 data on specific cardiovascular
symptoms, diagnoses and procedures. The use of these more
specific indicators of cardiovascular disease in our multivari-

Calcium-channel blockers and cognitive function
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History of stroke 1.45
History of diabetes 1.48
Cardiac symptoms‡ 0.59 
Digoxin use 0.88
Nitrate use

Characteristic
Unadjusted OR
(and 95% CI)

0.20 (0.05–0.89)
(0.30–2.53)

CCB use 1.61

(0.29–1.22)
(0.56–3.93)
(0.61–3.48)

Sex (female) 1.22
(0.98–1.69)
(0.62–2.42)

Age (increase of 5 yr) 1.29

(0.85–3.05)

(0.02–0.61)
(0.36–3.85)

0.11 
1.18
0.73
2.62
1.34

(0.31–1.71)

1.33
1.05 
2.28 

Adjusted OR
(and 95% CI)

(0.85–8.09)

Table 3: Unadjusted and adjusted odds ratios* (ORs) for cognitive
decline† associated with use of antihypertensive drugs and
demographic and health characteristics in the 205 subjects

(0.49–3.64)
(0.99–1.80)
(0.49–2.24)
(1.12–4.66)

ASA use 1.25 (0.64–2.43) 1.35 (0.62–2.93)
Non-ASA NSAID use 0.83 (0.38–1.82) 0.82 (0.34–1.96)
Diastolic blood pressure

(increase of 5 mm Hg) 0.90 (0.78–1.03) 0.88 (0.76–1.02)

Note: CI = confidence interval.
*Obtained from multivariate logistic regression model, adjusted for all variables listed in this
table.
†Defined as a decrease in 3MS score of 10 points or more.
‡The incorporation of a history of specific cardiovascular symptoms or diagnoses and vascular
procedures (e.g., palpitations, angina, myocardial infarction, arrhythmia, congestive heart fail-
ure or coronary artery bypass graft surgery) reported in 1996 for those reporting cardiac symp-
toms at baseline (in 1991), did not alter the findings for this model.

Nifedipine 1.51
Diltiazem or verapamil 2.60

*Obtained from multivariate logistic regression model, adjusted for age, sex, use of other
drugs, history of stroke or diabetes, cardiac symptoms and diastolic blood pressure.
†Defined as a decrease in 3MS score of 10 points or more.

Characteristic
Unadjusted OR
(and 95% CI)

β-Blocker (reference
group) 1.00

(0.94–7.22)
(0.44–5.24)

ACE inhibitor 1.54

(0.55–4.00)

(0.50–4.74)
Diuretic or other

antihypertensive 1.49

3.72
1.94
1.45

1.36
1.00

Adjusted OR
(and 95% CI)

(1.22–11.36)

Table 4: Unadjusted and adjusted ORs* for cognitive decline†
associated with use of selected antihypertensive drugs by the 205
subjects

(0.52–7.27)
(0.51–4.14)

(0.41–4.55)



observation period was associated with higher baseline SBP. This relationship also 
remained when the frailty of aging subjects, indicated by remaining time to death, was 
taken into account. Conclusions: Lower SBP in the oldest old is associated with an 
increased risk of cognitive impairment even after adjustment for compromised vitality. 
{Nilsson et al., 2007, Aging Clin Exp Res, 19, 41-7}
In a study of Nigerian elderly hypertensive patients, diastolic blood pressure was found 
to correlate negatively with cognitive performance {Imarhiagbe et al., 2005, Afr J Med 
Med Sci, 34, 269-73}
The findings in the hypertension/cognition debate have been reviewed {Birns and Kalra, 
2009, J Hum Hypertens, 23, 86-96}, who provide an explanation for the physiology 
involved, and conclude: “The results of cross-sectional studies investigating the 
relationship between BP and cognition showed conflicting relationships with positive, 
negative and J- and U-shaped associations. The majority of longitudinal studies 
demonstrated elevated BP to be associated with cognitive decline and a small number 
of randomized controlled trials demonstrated heterogeneous effects of BP lowering on 
cognitive function. The same researchers also reviewed 16 randomized, controlled trials 
involving a total of 19,501 subjects, which looked at the effects on cognition of blood 
pressure reduction {Birns et al., 2006, J Hypertens, 24, 1907-14}. “Modest reductions in 
blood pressure (< 5/3 mmHg) in 13,860 subjects were associated with improvements in 
Mini Mental State Examination score [weighted mean difference (WMD) = 0.19; 95% 
confidence interval (CI) = 0.19–0.19] and performance on immediate (WMD = 0.62; 
95% CI = 0.21–1.02) and delayed (WMD = 0.67; 95% CI = 0.23–1.11) logical memory 
tasks. However, studies in 2380 subjects that included tests of perceptual processing 
and learning capacity (trail making test-A, paired associated learning test) showed 
impaired performance (WMD = -1.12 s; 95% CI = -1.22 to -1.02 and WMD = -0.04; 95% 
CI = -0.04 to -0.04) on these tests.
BACKGROUND: The role of blood pressure (BP) as a risk factor for dementia is 
complex and may be age dependent. In very old individuals, low BP might increase risk 
for dementia, perhaps by reducing cerebral perfusion pressure. METHODS: The 
association between BP and dementia was examined in the Bronx Aging Study, a 
prospective study of 488 community-dwelling elderly individuals over age 75, dementia-
free at baseline (1980 to 1983) and followed at 12- to 18-month intervals. Subjects with 
baseline BP and with at least one follow-up visit were included (n = 406). Incident 
dementia was diagnosed using the criteria of the Diagnostic and Statistical Manual of 
Mental Disorders (3rd rev. ed.). RESULTS: Over 21 years (median 6.7 years), 122 
subjects developed dementia (65 Alzheimer's disease [AD], 28 vascular dementia, 29 
other dementias). Relative risk of dementia increased for each 10-mm Hg decrement in 
diastolic (hazard ratio [HR] 1.20, 95% CI 1.03 to 1.40) and mean arterial (HR 1.16, 95% 
CI 1.02 to 1.32) pressure, adjusted for age, sex, and education. Low diastolic BP 
significantly influenced risk of developing AD but not vascular dementia. Upon 
examination of groups defined by BP, mildly to moderately raised systolic BP (140 to 
179 mm Hg) was associated with reduced risk for AD (HR vs normal systolic BP group 
0.55, 95% CI 0.32 to 0.96), whereas low diastolic BP (<or=70 mm Hg) was associated 
with increased risk of AD (HR vs normal diastolic BP group 1.91, 95% CI 1.05 to 3.48). 
Subjects with persistent low BP over 2 years had higher risk of developing dementia 
(HR 2.19, 95% CI 1.27 to 3.77). CONCLUSIONS: Low diastolic pressure is associated 



with higher risk of dementia in elderly individuals over age 75. Dementia risk was higher 
in subjects with persistently low BP.

�
{Kennelly and Collins, 2012, J Alzheimers Dis, 32, 609-21} review the various studies 
looking at BP and the development of dementia: 
Vascular risk factors are implicated in the pathogenesis of Alzheimer's disease (AD). 
There is an age-dependent relationship between blood pressure and the risk of AD. 
Given the potential temporal lag that can exist between the two conditions, longitudinal 
population studies offer the best opportunity to identify a causal relationship. Midlife 
hypertension increases the risk for AD, yet later-life hypertension does not appear to 
confer the same risk and may in fact be protective. Low diastolic blood pressure, 
especially in later-life, is associated with an increased risk of AD. Orthostatic 
hypotension and other neurocardiovascular syndromes may increase the risk for 
cognitive impairment and AD. Several physiopathological mechanisms may contribute 
to this increased risk. Dynamic blood pressure changes and impaired cerebrovascular 
autoregulation may result in cerebral hypoperfusion. Hypertensive patients also develop 
cerebral infarcts, resulting in diminished perfusion. Subsequent hypoxia driven 
pathways result in increased cerebral amyloid-beta and phosphorylated tau protein 
accumulation. Treatment of elevated blood pressure with antihypertensive medications 
attenuates the risk of AD attributable to elevated midlife hypertension. Certain 
antihypertensive compounds have neuroprotective properties that may reduce the risk 
of AD, independent of their effects on blood pressure.
“A decline in blood pressure is common at ages above 75 years. In this study, the 
decline in blood pressure started earlier and was greater in subjects who developed 
dementia, especially in those developing Alzheimer’s disease, and in those with white-



matter lesions, than in non-demented subjects.” {Skoog et al., 1996, Lancet, 347, 
1141-5}
“Thus subsequent episodes of hypotension (eg, induced by drugs or cardiac failure) 
may lead to hypoperfusion and ischaemia in vulnerable areas,3,4,7 such as in the deep 
white matter, supplied by long penetrating end-arteries with few collaterals.3,4” {Skoog 
et al., 1996, Lancet, 347, 1141-5}
The Systolic Hypertension in the Elderly Program failed to find any effect of treatment 
(primarily with chlorthalidone) vs placebo in either the evolution of cognitive function or 
the incidence of dementia over an average observation period of 5 years, as reported in 
{Birkenhager et al., 2001, Arch Intern Med, 161, 152-6}. In the Medical Research 
Council trial of treatment in older patients with hypertension randomized to a diuretic, 
beta-blocker, or placebo, over a period of 54 months, no significant difference in 
psychometric test scores were detected between active treatment and placebo groups. 
However, in the Syst-Eur trial, treatment with nitrendipine as the primary drug showed a 
reduction in the rate of dementia by 50% compared to placebo, over a 2-year treatment 
period, based on an intention-to-treat analysis. Both of these were reported on in 
{Birkenhager et al., 2001, Arch Intern Med, 161, 152-6}. I note that an intent-to-treat 
analysis is problematic when dealing with illnesses which have a downhill course, as the 
arm with more dropouts will show better results.
In the HYVET trial, there was no analysis to determine if the improvements in mortality, 
etc., were actually related to blood pressure lowering. Note that after two years, less 
than 50% of patients had their blood pressures lowered to the target of 150/80 {Beckett 
et al., 2008, N Engl J Med, 358, 1887-98}. Thus it may be that the medication itself 
provided a benefit independent of blood pressure lowering. This is certainly true for the 
risk of cardiac failure with a diuretic.
A recent Australian study looking at the longitudinal effect of BP on cognitive function 
showed that over 5 years, AD patients with both low and high diastolic BP or low and 
high pulse pressure had more rapid decline in CAMCOG (Cambridge Cognitive 
Assessment) scores compared to patients with midrange pressures {Razay et al., 2009, 
Dement Geriatr Cogn Disord, 28, 70-4}. 

�
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COG scores at 3 levels of DBP (60, 85 and 110 mm Hg) 
through the follow-up period in the AD and ODS groups. 
The rate of decline of CAMCOG scores showed an in-
verted U-shaped dependence on DBP in AD patients. 
High and low levels of DBP were related to faster decline 
of CAMCOG scores; while in patients with ODS, low 
DBP was related to faster decline in CAMCOG scores. In 
the controls and MCI groups, there was no association 
between DBP and CAMCOG scores. The 3-way interac-
tion between diagnostic group, follow-up and quadratic 
trend over DBP was significant in the GLMM analysis for 
AD patients (z = –2.51, p = 0.012) ( fig. 2 ), but not for ODS 
patients (z = –1.05, p = 0.29). SBP did not relate to rates of 

decline in CAMCOG scores either linearly or non-lin-
early.

   Table 2  shows the overall relation of PP to CAMCOG 
scores, pooled over all assessments in each diagnostic cat-
egory using GLMM analysis. CAMCOG scores showed 
an inverted U-shaped dependence on PP only in AD pa-
tients. High and low levels of PP were related to lower 
CAMCOG scores. The interactions of AD with the qua-
dratic term of PP was significant (z = –2.29, p = 0.022).

   Table 2  also shows that the use of antihypertensive 
medications in AD patients, was related to significantly 
better CAMCOG scores (z = 2.72, p = 0.008).

Controls MCI ODS AD

Men 115 26 33 70
Women 120 16 26 71
Age, years 73.2 (7.0) 74.4 (7.1) 74.2 (7.9) 74.1 (6.7)
CAMCOG 98.6 (4.3) 95.6 (5.7)a 75.0 (11.5)a, c 74.7 (12.7)a, c

SBP, mm Hg 151.5 (19.5) 155.7 (19.6) 143.8 (19.7)a, c 148.3 (19.9)
DBP, mm Hg 83.3 (9.7) 85.5 (9.5) 82.4 (11.3) 84.6 (10.3)
PP, mm Hg 68.2 (9.7) 70.2 (9.5) 61.4 (11.4)b, c 63.7 (10.3)a, c

Values are expressed as means (SD) unless otherwise indicated.
a p < 0.05 compared with controls; b p < 0.01 compared with controls; c p < 0.05 com-

pared with MCI.

Table 1. Demographic and clinical
characteristics of each diagnostic
category at first assessment
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  Fig. 1.  The longitudinal change in CAMCOG scores at 3 levels of 
diastolic BP (60, 85 and 110 mm Hg) through follow-up in AD and 
ODS. 

  Fig. 2.  CAMCOG scores according to the levels of diastolic BP in 
each diagnostic category after 3 years. 
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A cross-sectional study of 575 individuals aged 85, 90 or 95 years and above and living 
in northern Sweden or Finland, showed that MMSE scores were lower for individuals 
with both high and low SBP. The relationship was linear for PP and MMSE scores, with 
higher PP predicting better cognition {Molander et al., 2010, Dement Geriatr Cogn 



Disord, 29, 335-41}

� .
Sometimes higher BP predicts better cognition
In the elderly, age may play an important role in determining whether an elevated blood 
pressure predisposes to cognitive impairment. Two prospective population-based cohort 
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ing and alcohol consumption was not adjusted for due to 
limited information about the extent of use.

  In the multiple models, SBP and PP were significantly 
associated with MMSE score. The association between 
PP and MMSE score was linear and positive, whereas a 
nonlinear association between SBP and MMSE score was 
found. Both low and high SBP were associated with lower 
scores on the MMSE, indicating poorer cognitive func-
tioning ( table 3 ). In  figure 1  are graphs of MMSE scores 
as a function of SBP and PP, adjusted for above-men-
tioned variables. Due to its lack of significance, DBP is 
not included.

  A lower mean blood pressure was seen among those 
where blood pressure had been measured while seated. 
However, excluding these subjects as well as subjects for 

whom blood pressure was acquired from medical charts 
did not alter the observed associations between blood 
pressure and MMSE scores (data not shown).

  Another model was performed for DBP and PP, where 
SBP and SBP squared were controlled for. Neither of the 
two other blood pressure parameters were significant, 
whereas SBP was significant in both the PP and DBP 
models (data not shown). Further, 98 participants were 
not included in the multiple regression models, princi-
pally due to missing values for the education variable. To 
evaluate whether this could have affected the results, ed-
ucation was removed from the models. All blood pressure 
parameters were significantly associated with MMSE 
scores in these models and nonlinear associations were 
found for SBP and DBP (data not shown).
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  Fig. 1.  Graphs of MMSE scores related to blood pressure, adjusted 
for age, sex, nationality, education in years, number of antihyper-
tensive drugs (0–4), BMI, BMI squared, current depression, hy-
pertension  1 5 years earlier, history of stroke and heart disease. 
Dots represent one or several individual cases.    

Table 2. B lood pressure in individuals with and without dementia

Dementia 
(n = 233)

No dementia 
(n = 342)

p value

SBP, mm Hg 136.5821.7 150.9822.6 <0.001
DBP, mm Hg 72.2812.4 75.7811.2 <0.001
PP, mm Hg 64.3817.7 75.2820.4 <0.001

F igures are means 8 SD.

Table 3. M ultiple linear regression models of blood pressure as a 
predictor of MMSE score

R egression coefficient (B) p
valueSB P DBP PP

(n = 477) (n = 476) (n = 476)

SBP 0.28 0.004
SBP squared –0.001 0.027
DBP 0.35 0.099
DBP squared –0.002 0.149
PP 0.07 <0.001
R2 for model 0.28 0.24 0.27
p for model <0.001 <0.001 <0.001

Adj usted for age, sex, nationality, education in years, number 
of antihypertensive drugs (0–4), BMI, BMI squared, current de-
pression, hypertension >5 years earlier, history of stroke and heart 
disease. 



studies in the Netherlands, together looking at 3078 men and women, assessed 
cognitive function at the end of followup, and looked at the association to baseline BP 
{Euser et al., 2009, J Am Geriatr Soc, 57, 1232-7}.

� The 
graph shows that under-65s, BP and later cognition were not associated; for persons 
aged 65-74, higher baseline BP was related to worse cognition 11 years later; for those 
75 and older, higher BP was related to improved cognition later on, and this effect was 
stronger for those older than 85.
A cross-sectional study in 327 geriatric outpatients with probable Alzheimer’s diagnoses 
found that higher systolic blood pressure and pulse pressure were associated with 
better cognitive test performance on the MMSE {van Bruchem-Visser et al., 2009, 
Dement Geriatr Cogn Disord, 28, 320-4}.

Figure 1 shows the effect of age on the association be-
tween baseline BP and cognitive function later in life. In-
dividuals younger than 65 showed in general little decline in
cognitive function over the 11-year follow-up period, and
neither baseline SBP nor DBP was related to cognitive func-
tion 11 years later. In individuals aged 65 to 74, higher SBP
and DBP at baseline were related to worse cognitive func-
tion 11 years later. With older baseline age, the effect of BP
on cognitive function seemed to invert; in individuals aged
75 and older, higher SBP and DBP at baseline were related
to better cognitive function 11 years later, although in the
Rotterdam Study, the number of people in this age group
was small, and consequently results were not significant for
the majority of tests. This effect was even stronger in the

highest age group (aged 85, subjects from the Leiden 85-
plus Study), with higher SBP and DBP related to better
cognitive function 5 years later. The shift from risk to ben-
efit of high BP from age 65 to 85 was observed for all neu-
ropsychological tests (Figure 1).

Additional Adjustments

Additional adjustments for the use of antihypertensive
drugs, smoking status, alcohol intake, history of stroke,
history of diabetes mellitus, or history of cardiovascular
disease did not markedly change any of these results (data
not shown).

Diastolic blood pressureSystolic blood pressure

Standardized cognitive test scores per
10 mmHg increase in systolic blood pressure
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Standardized cognitive test scores per
10 mmHg increase in diastolic blood pressure
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Figure 1. The effect of age on the association between baseline blood pressure and cognitive function later in life. Symbols represent
mean standardized cognitive test scores and 95% confidence intervals per 10-mmHg increase in systolic (A) and diastolic (B) blood
pressure. For graphical reasons, the estimates for the Stroop Test were inversed because a higher Stroop score reflects worse cognitive
function. Analyses were adjusted for age (Rotterdam Study only), sex, and level of education.
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“At old age, mild hypertension may increase cognitive performance” {Anson and Paran, 
2005, Am J Ther, 12, 359-65}
“The lower the better”
A large meta-analysis concluded that everyone at significant risk of cardiovascular 
disease would benefit from blood pressure lowering, irrespective of pretreatment blood 
pressure. So, no more need to monitor blood pressure! {Law et al., 2009, BMJ, 338, 
b1665}. However, does such a meta-analysis suffer because negative trials are less 
likely to be included? Also, “As the reduction in blood pressure was not reported in most 
trials in people with a history of CHD, we estimated the average reduction from the 
average pretreatment blood pressure and the average drug dose, using results from a 
meta-analysis.” Why would blood pressure lowering studies not report reductions in 
blood pressure? The authors apparently have suggested a “polypill” which could 
combine inexpensive generic medications, but then obtained a patent on the polypill, 
according to a commenter.
The above study also suggests that “the lower the better” in terms of blood pressure. 
This contradicts a Cochrane Collaboration meta-analysis which concluded there is no 
additional benefit to BP reductions <140-160/90-100 mm Hg {Arguedas et al., 2009, 
Cochrane Database Syst Rev, CD004349}. Other commenters to the Law paper also 
point out that thiazide diuretics have a much better effect on heart failure than other 
classes of antihypertensives.
The very old may have different risk profiles
There is evidence that in the very old, the risk factor profiles for dementia and cognitive 
decline are different than for younger patients. For example, in the 3336 hypertensive 
participants in the HYVET trial for whom longitudinal cognitive data was available, heart 
failure, diabetes, atrial fibrillation, prior stroke, glucose, or hemoglobin levels were 
unrelated to dementia and cognitive decline, while higher creatinine, higher total and 
lower high- density lipoprotein cholesterol were associated with lower risk of cognitive 
decline {Peters et al., 2009, J Hypertens, 27, 2055-62}.
A recent review {Novak and Hajjar, 2010, Nat Rev Cardiol, 7, 686-98} of the relationship 
between cognition and blood pressure made the following key points:
• Hypertension and hypotension affect neurovascular coupling, leading to a decrease 

in perfusion, oxygenation, and vascular reserve capacity, and are associated with 
microvascular disease, stroke, cognitive function decline, and dementia 

• Risk factors for vascular disease accelerate age-related decline in perfusion and 
brain tissue volumes and have additive effects in worsening cognitive outcomes late 
in life 

• Hypertension and other vascular risk factors are linked to poorer performance in 
executive function and attention tests than in memory or language scores 

• Results of antihypertensive treatment in trials for prevention of dementia in the 
elderly remain inconclusive, but some studies indicate that single-drug or combined 
antihypertensive therapies have protective effects on cognition 

• More research is needed to determine which blood pressure values should be 
targeted to optimize perfusion and to prevent cognitive decline in the elderly 



Orthostatic Hypotension
A study of 495 consecutive elderly outpatients attending a memory centre looked at the 
relationship between cognitive status and orthostatic hypotension, using a validated 
comprehensive battery of neuropsychological tests, the cognitive efficiency profile 
(CEP) assessing the main cognitive areas {Mehrabian et al., 2010, J Neurol Sci, 299, 
45-8}. After adjusting for age, education level, SBP, DBP, weight, and antihypertensive 
drugs, OH patients (14%) had worse cognitive scores. Note that the vertical axis does 

not go down to zero.�
There was a significant relationship between OH and cognitive status.

�
In a study of 2321 community-living elderly Chinese, free of cardiovascular disease and 
stroke, mean age 65.5 years, 16.6% had OH. Overall, OH was unrelated to cognitive 
impairment, as determined by MMSE score <24. However, in hypotensives, OH 
increased the odds of cognitive impairment by 4.1 times, while hypertensives with OH 
had 0.48 the risk of cognitive impairment compared to hypertensives without OH {Yap et 
al., 2008, Dement Geriatr Cogn Disord, 26, 239-46}.
Orthostatic hypotension patients had deficits in cerebral perfusion in the bilateral frontal 
areas but not in other areas of the brain, compared to controls without orthostatic 
hypotension, in a small study using SPECT {Hayashida et al., 1996, J Nucl Med, 37, 
1-4}.
Constitutional or Chronic Hypotension
Constitutional hypotension, defined by the WHO as SBP < 110 in males or < 100 in 
females, regardless of DBP, affects perhaps 3% of the population. “Chronically low 
blood pressure is accompanied by a variety of complaints including fatigue, reduced 
drive, faintness, dizziness, headaches, palpitations, and increased pain sensitivity [1–4]. 
In addition, hypotensive individuals report cognitive impairment, above all deficits in 
attention and memory.” {Duschek and Schandry, 2007, Clin Auton Res, 17, 69-76}. The 

2.1. Blood pressure measurements

Systolic and diastolic BPweremeasured twice in each subject, after
at least 5 min of rest seated, on the left arm, using a validated digital
electronic device (OMRON M6). The mean of the two measurements
was used in the analysis. Subsequently, BPwasmeasured in a standing
position at 1 and 3 min after standing and the mean of the two
measurements was recorded. OH was defined as a systolic BP (SBP)
decrease of at least 20 mm Hg and/or a diastolic BP (DBP) decrease of
at least 10 mm Hg within 3 min of standing [11].

2.2. Neuropsychological assessment

The cognitive assessment of patients was based on a validated
comprehensive battery of neuropsychological tests, the Cognitive
Efficiency Profile (CEP). The CEP assesses the main cognitive areas:
immediate and delayed memory (free and cued recall), language,
visuoperceptual and visuospatial capacities, praxis, gnosia, executive
functions, attention and judgement [12]. The global CEP score is out of
100 and the higher the score, the better the cognitive function. A
complete physical examination, computed tomography brain scan,
thyroid hormone, vitamin B12 and folate analyses were also
performed.

At the endof the evaluation, subjectswere classified into4 subgroups:
AD according to the DSM-IV criteria [13], and NINCDS-ADRDA criteria
[14], VaD according to the NINDS-AIREN criteria [15], mild cognitive
impairment (MCI) according to the European Consortium on AD (EADC)
criteria [16] and a subgroup of normal controls.

3. Statistical analysis

Results in the tables and text are expressed as mean±standard
deviation (SD) and as mean±standard error (SE) in figures. A chi-
square test was used for the group comparisons of qualitative
variables and an analysis of variance (ANOVA) was performed for
quantitative variables. An analysis of covariance (ANCOVA) was used
to compare CEP scores between groups including confounding
variables as covariates. A multivariate regression analysis was used
to assess the relationship between OH and cognitive status including
age, education level, seated SBP/DBP, weight and antihypertensive
drugs as covariates. Statistical analysis was performed with the
General Linear Models package from NCSS 6.0 software (Statistical
Solutions Limited). A p value less than 0.05 was considered
statistically significant.

4. Results

The population included 495 subjects, mean age 76±8 years and
72% were female. Prevalence of OH was 14% (n=69/495). Hyperten-
sion (SBP and/or DBP≥140/90 mmHg and/or use of antihypertensive
drug) was seen in 74% of patients (n=366/495) with mean values of
SBP/DBP (143±24/79±13 mm Hg). Antihypertensive therapy was
used by 55% of people of the overall sample (n=272/495). Diabetes
mellitus was present in 7% of the patients (n=35/495) and
hyperlipidemia in 36% (n=178/495).

Table 1 shows the baseline characteristics of the subjects with or
without OH. A significant difference was established in weight
(pb0.01), seated SBP/DBP (pb0.001), incidence of hypertension
(pb0.01) and number of antihypertensive drugs used (pb0.05)
between the two groups. Patients with OH had higher weight, higher
seated SBP/DBP levels and higher incidence of hypertension in
comparison with those without OH. Furthermore, OH patients
significantly used higher number of antihypertensive medications
than those without OH.

4.1. Relationship between orthostatic hypotension and cognitive function

Normal cognitive function was documented in 18% of subjects
(n=89/495), 28% hadMCI (n=139/495), 47% had AD (n=233/495),
and 7% had VaD (n=34/495). After adjustment for age, education
level, seated SBP/DBP, weight and antihypertensive drugs, a signifi-
cant relationship was observed between OH and cognitive function
(CEP score 50±24 vs 56±22, pb0.05) suggesting that subjects with
OH had worse cognitive function (Fig. 1). The analysis of covariance
(ANCOVA), including age, education level, seated SBP/DBP, weight
and antihypertensive drugs as covariates indicated a significant
relationship between OH and cognitive status. The results showed a
significant gradient in level of cognitive function in relation to OH. OH
was present in 22% in VaD subjects, 15% in AD subjects, 12% in MCI
subjects and 4% in normal control subjects, pb0.01 for overall test
(Fig. 2).

In the overall population, a greater mean fall in SBP after standing
position was observed in patients with VaD or AD than in those with
normal cognitive function (−7.9±16 mm Hg vs −0.7±14 mm Hg,
p=0.02 and −5.5±14 mm Hg vs −0.7±14 mm Hg, p=0.01,
respectively). In contrast mean fall in DBP after standing position
was not associated with dementia.

5. Discussion

We demonstrated a significant association between OH and
cognitive function in elderly subjects. Our cross-sectional data
revealed that in this cohort, subjects with OH showed poorer

Table 1
Baseline characteristics of elderly patients with or without orthostatic hypotension
(OH).

With OH
(n=69)

Without OH
(n=426)

P

Age (years) 77±6 76±8 0.26
Females (%) 65% 72% 0.19
Weight (kg) 67±12 63±12 b0.01
Hypertension (%) 86% 72% b0.01
Seated SBP (mm Hg) 152±23 142±21 b0.001
Seated DBP (mm Hg) 83±15 78±12 b0.001
Seated heart rate (bpm) 70±12 69±11 0.82
Standing SBP (mm Hg) 122±21 142±22 b0.0001
Standing DBP (mm Hg) 74±13 82±13 b0.0001
Standing heart rate (bpm) 76±13 74±13 0.28
Diabetes (%) 10% 7% 0.29
Antihypertensive therapy (%) 59% 54% 0.41
Number of antihypertensive drugs b0.05

1 drug 50% 56%
2 drugs 23% 32%
3 drugs or more 27% 12%

Systolic blood pressure (SBP); diastolic blood pressure (DBP).

Fig. 1. Cognitive function in patients with and without OH (orthostatic hypotension)
estimated by CEP (cognitive efficiency profile−mean scores±SE). P≤0.05, adjusted
for age, education level, seated systolic blood pressure (SBP), seated diastolic blood
pressure (DBP), weight and antihypertensive drugs.
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cognitive function. This relationship was independent of age,
education level, seated SBP/DBP, weight and antihypertensive drugs.
Interestingly, OH was associated not only with VaD but also of AD.

The prevalence of OH that we showed in this cohort is in
agreement with other studies performed in an elderly ambulatory
population [17,18]. Few studies have examined the relationship
between OH and cognitive decline. Hypotension may result in
transient or sustained cerebral hypoperfusion. Cerebral hypoperfu-
sion has been suspected to correlate directly with deficits in many
cognitive domains including short-term memory, verbal and visual
memory, attention, spelling and abstract thinking [19,20]. Moreover,
systemic hypotension and therefore, possible cerebral hypoperfusion
are associated with the presence of white matter lesions [18,21,22],
which in turn are implicated in the pathogenesis of cognitive decline
[2]. Indeed, several studies suggest that white matter lesions may
underlie poor performance on cognitive tests [21]. It has been
postulated that long-standing, excessive BP variability in the elderly
may impair cerebral perfusion and induce changes, such as lacunes or
leukoaraiosis that cause cognitive decline [21–23].

Hayashida et al. [24] showed postural cerebral hypoperfusion in
the frontal areas with upright posture in a group of patients with OH.
Such dysregulation in the frontal area might play a role in the
progression of cerebral ischemia. Age-related cognitive changes may
be linked to frontal lobe dysfunction [25,26]. It has been shown that in
patients with AD and OH, CBF was lower in frontal and fronto-parietal
cortical areas than in AD patients without OH suggesting that OHmay
contribute to frontal brain changes and may exacerbate cognitive
decline [27].

Age-related autonomic dysregulation and arteriole changes may
lead to BP falls. Arteriolar damage and the reduction of acetylcholine
cause a reduction of CBF [6]. These factors might determine the
sensitivity of old patients, and especially demented patients, to
hypotension. Each clinical condition that may lead to hypotension
might accelerate the underlying degenerative process.

Previous reports have also shown that OH is associated with a
greater prevalence of multiple silent cerebral ischemias (SCIs) and
with higher risk for cerebrovascular damage [28]. It has been
suggested that vascular disorders may accelerate the clinical mani-
festations and pathogenesis of neurodegeneration. OH which leads to
cerebrovascular damage, could be a risk factor for cognitive decline,
VaD and AD. The recurrent extensive falls in BP may lead to deficits in
cerebral perfusion, which could accelerate an already existing
neurodegenerative process if CBF were not to be restored promptly.
In this context it a cognitive impairment in patients with primary
autonomic failure has been demonstrated, a disorder in which the
defect is entirely peripheral, supporting a causal role for the recurrent
hypotension [29].

Conversely, BP reduction might be the result of the dementing
process. It has been suggested that changes in brain structure related

to dementia may contribute to neurocardiovascular instability and BP
dysregulation [30]. In Lewy body and Parkinson dementia, OH
represents a marker for cognitive decline and disease progression
[31]. Moreover, neurons that regulate BPmay be degenerate in AD and
neurotransmitters that regulate BP may decrease [30,32], and
contribute to low BP. In this way, several longitudinal studies have
shown a decrease in BP during the onset of dementia and afterward
[3,19,33], but few studies assessed the impact of OH on cognitive
function. Our results are in agreement with a previous cross-sectional
study [21] which indicated that scores in neurobehavioral functions
were significantly lower in subjects with OH. Conversely, other
studies did not find any association between OH and cognition. A
longitudinal study [8] found no differences on the MMSE score
between the OH group and the non OH group. The same results were
disclosed in a small sample size transversal study [9]. Lastly, in a
recent study among 2321 community older adults, OH was not
associated with cognitive decline assessed by MMSE in the overall
population but a significant relationship was observed among
hypotensive people where OH increased the risk of cognitive
impairment [10]. In our study the patients benefited from a very
comprehensive neuropsychological assessment more specific and
more sensitive than the MMSE which appears probably not precise
enough to detect slight cognitive changes.

Themain limitation of our work is the cross-sectional design of the
study. In this context it is not possible to assume a causal relationship
between OH and cognitive impairment. Moreover, because only brain
CT-scan has been performed, white matter lesions burden has not
been assessed and included in the statistical analysis. Furthermore, BP
was measured only on one occasion and the true prevalence of OH
may be underestimated. Lack of data for patients' height would be
another limitation to this study. However, BMI might not be
necessarily better in elderly population than weight is, as height in
aged individuals would not reflect their real height. Some strengths
merit to be emphasized. First, the association between OH and
dementia persisted after adjustment for confounding factors as age,
education, BP level, weight and antihypertensive therapy, suggesting
that it is independent of these variables. Second, the assessment of
cognitive function was performed in a memory clinic using highly
specific and sensitive tests by trained specialists (physicians and
neuropsychologists) to improve the quality of diagnosis of cognitive
impairment. Subjects with a wide range of cognitive states (ie, normal
cognitive function, MCI, and dementia (AD or VaD types)) were
included in the assessment of the relationships between OH and
cognitive dysfunction.

In conclusion, our study indicates an independent association
between OH and cognitive impairment, suggesting that subjects with
OH have worse cognitive function. These results emphasize the
necessity of longitudinal studies designed to evaluate the role of OH in
the onset of cognitive decline and dementia.
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table below summarizes studies on cognitive performance in hypotension.

�
A study of the effects of a sympathomimetic drug, midodrine, in 50 hypotensive 
individuals in a randomized, placebo-controlled, double-blind design, showed that 
midrodine led to an increase in blood flow velocities as well as enhanced attentional 
performance {Duschek et al., 2007, Psychophysiology, 44, 145-53}.

�
Frontal Lobes
Frontal lobes have a basal metabolic rate 20% higher than other brain areas {Moretti et 
al., 2008, Vasc Health Risk Manag, 4, 395-402}. This suggests that frontal lobe function 
is more vulnerable to hypoperfusion than other brain areas. This contention is supported 
by a study which compared regional cerebral blood flow determined by SPECT in two 
groups of AD patients. One group had scored high on the Kana Pick-out Test (KPT) 
(indicating good frontal lobe function) while the other group had scored low. The low-
scoring patients showed significant hypoperfusion in the subgenual cingulate gyrus 
{Kishimoto et al., 2011, Int Psychogeriatr, 23, 546-53}, a prefrontal region in which 
tissue loss is associated with disinhibition in frontotemporal dementia and in which 
lesions lead to impaired decision-making.
Another study of cerebral blood flow, this time using magnetic resonance angiography, 
suggested that a combination of high volume of white matter lesions together with lower 

Table 1 Studies on cognitive performance in hypotension (SBP, systolic blood pressure; DBP, diastolic blood pressure)

Authors Main focus Samples Assessment instruments Main results

Richter-Heinrich
et al. [18]

Attentional performance in
hypotension and hypertension

30 hypotensives (SBP < 106 mmHg);
40 hypertensives (SBP > 140 mmHg);
31 normotensive controls; age 16–40 years

Konzentrations-Verlaufs-Test (course
of concentration test) [25]

Reduced attentional performance in the
case of both lowered and elevated
blood pressure

Stegagno et al. [26] Attentional, memory and
arithmetic performance
in hypotension

17 female hypotensives (SBP < 100 mmHg);
19 normotensive controls; mean
age 23 years

Reaction times to acoustic stimuli;
digit span [27]; recall of word
lists [28]; serial subtractions

Prolonged reaction times, poorer
performance on the verbal memory
and arithmetic tasks in hypotension,
no effect for digit span

Costa et al. [29] Attentional and memory
performance in hypotension

26 female hypotensives (SBP < 105,
DBP < 65 mmHg), 22 normotensive
controls; mean age 29 years

Aufmerksamkeits-Belastungs-Test
(attentional strain test) [30];
Zahlen-Verbindungs-Test (trail making
test) [31]; recall of word lists [28]

Poorer attentional and memory
performance on each of the three
tests in hypotension

Morris et al. [32] Relationship between blood
pressure and cognitive
performance in elderly
persons

Representative population sample covering
the total spectrum of blood pressure
(n = 5,816; age over 64 years)

East Boston Memory Test [33]; Symbol
Digit Modalities Test [34]; Mini-Mental
State Examination [35]

Weak U-shaped relationship between
blood pressure and cognitive
performance

Weisz et al. [22] Attentional performance in
hypotension

25 female hypotensives (mean
SBP = 102 mmHg); 25 normotensive
controls; age 19–44 years

Attentional and Cognitive
Efficiency Battery [36]

Reduced performance on a subtest
assessing cognitive flexibility
in hypotension

Duschek et al. [37] Attentional performance in
moderate hypotension

26 borderline hypotensives (mean
SBP = 112 mmHg); 29 normotensive
controls; mean age 26 years

Reaction times to acoustic stimuli;
Aufmerksamkeits-Belastungs-Test (attentional
strain test) [30]; Zahlen-Verbindungs-Test
(trail making test) [31]

Prolonged reaction times and poorer
performance on the
‘‘Aufmerksamkeits-Belastungs-Test’’ in
moderate hypotension, no effects
for the ‘‘Zahlen-Verbindungs-Test’’

Duschek et al. [38] Attentional and working
memory performance in
hypotension with motor
performance and
mood controlled

40 hypotensives (SBP < 105 mmHg in
women, SBP < 110 mmHg in men);
40 normotensive controls; age
19–45 years

Testbatterie zur Aufmerksamkeitsprüfung
(battery for the assessment of attention)
[39]; Motorische Leistungsserie (motor
performance series) [40]; Befindlichkeitsskala
(mood scale) [41]

Poorer performance on six tests
assessing tonic and phasic alertness,
selective, divided and sustained
attention as well as working memory
in hypotensives with fine motor
performance and mood controlled

71

after the imperative stimulus. Relative flow velocity changes
during task execution (dFV) were calculated using the formula
dFV5 (FV(t)!FVbas) " 100/FVbas, where FV(t) is the flow vel-
ocity over the course of time. Following this, an ‘‘activation
index’’ was computed by averaging the relative flow velocity
changes over the sample points of the period of task execution.
To obtain an index for bilateral activation, the mean activation
index from both MCA was computed.

In addition, a ‘‘laterality index’’ (LI) was calculated using the
following formula:

LI ¼ 1

Tint

Z tmaxþ1
2Tint

tmax!1
2Tint

DVðtÞdt;

where DV tð Þ ¼ dV tð Þleft!dV tð Þrightrepresents the difference be-
tween the relative velocity changes of the left (dV(t)left) and the
right (dV(t)right) MCA. The time point tmax represents the latency
of the absolutemaximumofDV tð Þwithin the task period. A time
period of 2 s was selected as integration interval (Tint). Index
values were averaged across the 30 trials. A positive LI indicates
left and a negative LI right dominance of the flow velocity in-
crease (Deppe et al., 1997, 2004).

For the purposes of statistical analysis, ANOVA procedures
were conducted with experimental group (verum vs. placebo) as
the between-subjects factor and time of testing as the repeated-
measures factor. Blood pressure, heart rate, the measures re-
vealed fromDoppler sonography, the median reaction time, and
the number of correct responses on the d2 Test served as
dependent variables. The repeated-measures factor included
three measurement occasions in the case of blood pressure and
heart rate (before and after substance administration and end of
experiment) and two in the case of performance and cerebral
perfusion measures (before and after substance administration).
Possible effects of substance-induced mood changes on cognitive
performance were controlled for by including the difference in
the scores on the mood scale from both times of testing as a
covariate in the respective ANOVAprocedures. Furthermore, to
control for possible gender effects, subjects’ sex was included as a
covariate in each of the ANOVA models. To control for differ-
ences between both experimental groups at the pretest stage,
t tests were computed for each of the dependent variables.

Effects of the expected pharmacologically induced increase of
cerebral perfusion on cognitive performance were evaluated by

means of Pearson correlations computed over the total sample.
Here, changes in the ultrasonic measures (mean flow velocity at
rest and activation index) between both times of testing were
related to changes in performance measures.

Results

Group Differences at Pre-Drug Assessment
Experimental groups did not differ with respect to any of the
dependent variables at the first time of testing: blood pressure
(systolic: t2 5 0.61, df5 48, p5 .54; diastolic: t5 0.94, df5 48,
p5 .35), heart rate (t5 1.87, df5 48, p5 .07), MCA flow vel-
ocity at rest (t5 ! 0.33, df5 48, p5 .74), MCA blood flow
modulations during the cued reaction time task (activation index:
t5 .62, df5 48, p5 .54; lateralization index: t5 ! 1.21, df5 48,
p5 .23), median reaction times (t5 0.35, df5 48, p5 .73), num-
ber of correct responses on the d2 Test (t5 ! 0.79, df5 48,
p5 .43), and scores on the mood scale (t5 0.85, df5 48,
p5 .40). Age (t5 ! 0.73, df5 48, p5 .47) and BMI (t5 0.72,
df5 48, p5 .48) also did not differ between the groups.

Blood Pressure and Heart Rate
Changes in blood pressure over the course of the experiment are
displayed for both experimental groups in Figure 1. Systolic and
diastolic blood pressure increased in the verum group following
substance administration and remained widely constant under
placebo. Substantial group differences were still present at the
end of the experiment (i.e., approximately 2 h after substance
administration). Heart rate decreased sizably in the verum group
and only to a lesser degree under placebo (Figure 2).

The ANOVA procedures revealed significant interaction ef-
fects between the factors time of testing and experimental group
for each of these variables (systolic blood pressure:
F(2,94)5 15.77, po.01, Z2 5 .25; diastolic blood pressure:
F(2,94)5 13.93, po.01, Z2 5 .23; heart rate: F(2,94)5 19.18,
po.01,Z2 5 .29). In post hoc t tests, significant group differences
in these parameters were found after drug administration (sys-
tolic blood pressure: t5 5.06, df5 48, po.01; diastolic blood
pressure: t5 5.58, df5 48, po.01; heart rate: t5 ! 4.66,
df5 48, po.01), as well as at the end of the experiment (systol-
ic blood pressure: t5 4.69, df5 48, po.01; diastolic blood pres-
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Figure 1. Systolic and diastolic blood pressure at the beginning of the experiment, 1 h after substance application, and at the end of
the experiment (2 h after substance application); vertical bars denote SD.

2All t and p values refer to two-tailed testing.



CBF may impair executive functioning, but not memory {Appelman et al., 2010, Dement 
Geriatr Cogn Disord, 29, 240-7}.
In patients with mild cognitive impairment, those with executive dysfunction showed 
hypoperfusion in several areas including bilateral middle frontal cortex, which was not 
the case for amnestic MCI patients {Chao et al., 2009, Alzheimer Dis Assoc Disord, 23, 
245-52}.
Is the beneficial effect of antihypertensive treatment 
due to BP decrease or to other factors?
Various researchers have suggested (for example, {Boissel et al., 2005, Fundam Clin 
Pharmacol, 19, 579-84; Ruland and Gorelick, 2003, Curr Neurol Neurosci Rep, 3, 21-6} 
that the risk reduction effects of antihypertensive drugs or lipid-lowering drugs is at least 
partially due to what are called pleiotropic effects (ie multiple influences). Boissel et al 
used the INDIANA database of individual records of about 29,000 patients in 5 different 
antihypertensive studies, to look at the the extent to which risk reduction for coronary 
events or for stroke could be attributed to lowering of systolic BP. They concluded that 
results are inconclusive for coronary events, and for stroke BP lowering explains only 
49% of the risk reduction from treatment. Their discussion goes into detail on how other 
attempts to link BP reduction to risk reduction have either failed or were reported 
incorrectly.
Another review {Turnbull, 2003, Lancet, 362, 1527-35} looked at 29 randomised trails 
involving over 162,000 patients, and demonstrated that greater reduction of risk for 
cardiovascular events was produced by regimens with lower blood pressure goals. It is 
unclear, however, if this simply reflects bigger doses, better compliance, or both. ACE 
inhibitors showed the best risk reduction but reduced blood pressure less.
Overtreatment of HTN may cause hypoperfusion
“Antihypertensive treatment may increase the risk of myocardial infarction in elderly 
men with treated diastolic blood pressures < or = 90 mm Hg.” {Merlo et al., 1996, BMJ, 
313, 457-61}
“Cognitively normal subjects with HTN (n=19) had decreased rCBF in the putamen, 
globus pallidus, bilaterally, and in the left hippocampus compared with normotensives 
(n=22). In addition, decreased rCBF was observed in the right and left anterior cingulate 
gyrus with extension to the subcallosal region, left posterior cingulate gyrus and medial 
precuneus, left lateral inferior and superior frontal, and inferior parietal, left orbitofrontal, 
and left superior temporal cortices. CONCLUSIONS: rCBF is affected in normal subjects 
with HTN, not only in the subcortical regions, but also in limbic and paralimbic 
structures. We hypothesize that the HTN creates a vulnerability state for the 
development of neurodegenerative disorders, especially Alzheimer disease.” {Dai et al., 
2008, Stroke, 39, 349-54}
Adhering to clinical practice guidelines for chronic conditions may lead to undesirable 
effects when caring for elderly patients with several comorbidities {Boyd et al., 2005, 
JAMA, 294, 716-24}
Perfusion in HTN and stroke patients is dependent on BP
Cerebral blood flow velocities are lower in patient with stroke and daily activities such as 
standing can induce hypoperfusion  



�  

BFV were not correlated on the nonstroke side or in normo-
tensive control subjects. We have identified 11 patients with
stroke with a mean BP !96 mm Hg (mean"1 SD for the
control group) and mean BFV !36 cm/s (mean#1 SD for the
control group). Based on our regression equation (mean
BFV$2.5"0.46*mean BP) by increasing mean arterial pres-
sure to 100 to 120 mm Hg (systolic BP 120 to 145 mm Hg
and diastolic BP 75 to 95 mm Hg), mean BFV would increase
to approximately 48.5 to 57.5 cm/s (ie, 30% to 55% increase),
which is a normal range.

We also calculated a regression of 30-second BP and BFV
segments between baseline and tilt for each subject. The slope
of regression was steeper on the stroke side (0.33%0.10
cm/s/mm Hg) compared with the control group (#0.09%0.95

P$0.028), but not on the nonstroke side. Correlation coeffi-
cient (R$0.36 to 0.54) was similar between the groups.

We used instantaneous BP–BFV phase shift to assess
dynamic autoregulation. A smaller BP–BFV phase shift
indicates that BFV follows spontaneous BP fluctuations. In
the stroke group, BP–BFV phase was smaller during baseline
(stroke side: 4.73°%18.4° versus 22.2°%22.5°, P$0.0006
and nonstroke side: 9.03°%22.5° versus 20.4°%18.8°,
P$0.01) and borderline during tilt (stroke side 4.64°%14.2°
versus 10.4°%10.7°, P$0.046; nonstroke side: 4.7°%14.1°
versus 7.8°%11.5°, nonsignificant) compared with control
subjects.

Vasoreactivity to CO2 challenges was smaller in the stroke
group compared with control subjects (stroke side
0.49%%1.2% versus 0.88%%0.49%, P$0.03 and nonstroke
side 0.59%%0.87% versus 0.94%%0.46%, P$0.023).

Orthostatic Hypotension
Transient orthostatic hypotension, defined as systolic/diastol-
ic BP reduction &20/10 mm Hg during the first minute of

Table. Demographic Characteristics and Laboratory Results

Group Stroke Control P

Age, years 64.21 (%8.94) 64.48 (%8.07) 0.87

Sex, male, female 23, 20 (43) 23, 44 (67) N$110

Race, W, A, AI, AA, U 37, 1, 0, 5, 0 54, 2, 1, 9, 1

Body mass index,
kg/m2

27.53 (%4.74) 27.59 (%6.48) 0.95

Systolic BP, mm Hg 129.66 (%15.28) 129.43 (%21.18) 0.95

Diastolic BP, mm Hg 61.33 (%9.68) 67.44 (%15.48) 0.02

Years after stroke 6.05 (%4.88) . . . . . .

Stroke side, right, left 24,19 . . . . . .

Infarct volume, cm3 18.69 (%34.06) . . . . . .

National Institutes of
Health Stroke Scale

2.71 (%2.72) . . . . . .

Modified Rankin
Scale

1.2 (%1.14) . . . . . .

Hypertension by
24-hour BP

32 35

Use of
antihypertensives

30 33

MCA right diameters 2.24 (%0.62) 2.44 (%0.26) 0.15

MCA left diameter 2.47 (%0.32) 2.48 (%0.28) 0.98

Internal carotid artery
right diameter

5.02 (%0.35) 5.39 (%0.46) 0.04

Internal carotid artery
left diameter

5.32 (%0.47) 5.39 (%0.47) 0.70

White blood cell
count, k/!L

7.03 (%0.29) 6.56 (%0.27) 0.24

Hemoglobin, g/dL 13.75 (%1.32) 13.84 (%1.33) 0.74

Hematocrit, % 40.41 (%3.73) 40.58 (%3.30) 0.80

Cholesterol, mg/dL 177.79 (%40.03) 203.83 (%35.19) 0.0015

Low-density
lipoprotein, mg/dL

92.71 (%32.77) 110.81 (%32.86) 0.01

Triglycerides, mg/dL 140.31 (%87.16) 149.50 (%68.98) 0.58

History of
syncope/OH-min 1

7/10 11/21 0.08

Statins, yes/no 30/13 12/54 0.0001

Continuous variables are presented as mean%SD. Ordinal variables are
presented as mean%SD (range). Nominal variables are presented as numbers.
Comparison is not significantly different if P&0.05.

W indicates white; A, Asian; AI, American Indian; AA, African American; U,
unknown.

Baseline Tilt Sitting Standing
30

40

50

60

M
ea

n 
bl

oo
d 

flo
w

 v
el

oc
ity

 (c
m

/s
)

Control: randomized side 1
Control: randomized side 2
Stroke: non-stroke side
Stroke: stroke side

*** **
**

*

#

#

#

Baseline Tilt Sitting Standing
80

85

90

95

M
ea

n 
bl

oo
d 

pr
es

su
re

 (m
m

H
g)

Control
Stroke

#

#

Baseline Tilt Sitting Standing
50

60

70

80

90

H
ea

rt
 ra

te
 (b

ea
ts

/m
in

ut
e) Control

Stroke

###
###

A

B

C

Figure 1. Mean BFVs in MCAs (A), mean BP (B), and heart rate
(C) for the control group (RND 1 and 2) and for the stroke group
(stroke and nonstroke side) during supine baseline, tilt, sitting,
and standing. *Between-group comparisons: *P!0.05,
**P!0.001, and ***P!0.0001. #Comparisons between conditions
within each group (mean%SE).
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� {Novak et al., 2010, 
Stroke, 41, 61-6}It should be noted that these reductions in BFV with sitting and 
standing are not due only to orthostatic hypotension which was present in only 23.3% of 
the stroke group and 31.3% of the control. The influence of BP on BFV is shown here
Miscellaneous
In the HYVET study, “Antihypertensive treatment in elderly patients does not statistically 
reduce incidence of dementia.” {Peters et al., 2008, Lancet Neurol, 7, 683-9}
The HYVET (Hypertension in the Very Elderly Trial) study:
Double-blind, randomized, placebo-controlled trial, 3845 hypertensive patients aged >= 
80, with sustained systolic BP >= 160, randomized to a diuretic (indapamide slow upright posture, was detected in 23.3% participants in the

stroke group (8 stroke hypertensive and 2 stroke normoten-
sive) and 31.3% in the control group. Orthostatic hypotension
was independently associated with lower BFV on the stroke
side (P!0.0008), but not on the nonstroke side (P!58), after
adjustment for age, sex, and condition. Dizziness was not
correlated with orthostatic hypotension in the stroke group.
Absence of autonomic symptoms was associated with higher
modified Rankin Scale (P!0.001) independent of infarct
volume.

Stratification of Patients With Stroke by
Hypertension Status
BFVs at similar BP levels were not significantly different
between stroke normotensive and hypertensive subjects.
BFVs were lower in stroke normotensive subjects compared
with normotensive control subjects during baseline, tilt,
sitting, and standing (stroke side P!0.02, nonstroke side
P!0.002; Figure 3A–B). BFVs were also lower in stroke
hypertensive patients compared with hypertensive control
subjects during baseline and tilt, but were similar during
sitting and standing (stroke side P!0.001 and nonstroke side,
P!0.05; Figure 3A–B). BP was higher in participants with
hypertension (P"0.001). Statins had no significant effects on
BFV.

Discussion
This study addressed a clinically important topic on the
pressure–flow relationship in older adults with chronic ische-
mic infarctions.

We showed that BFVs were reduced in the patients with
stroke and were dependent on perfusion pressure. Baseline
BFVs were lower by approximately 30% in the cases com-
pared with the control subjects and declined further by
approximately 13% on the stroke side in upright positions.
Goals for arterial pressure management after stroke are still
debated.19,20 The unresolved issues are whether BP manage-
ment should target the levels "135/85 mm Hg recommended
for optimal hypertension control.12,21 Concerns remain
whether aggressive BP control would bring benefits or
increase the risk of hypotension and hypoperfusion. We
found that BFV on the stroke side was dependent on BP and
that by increasing mean BP above 100 mm Hg (systolic BP
120 to 145 mm Hg and diastolic BP 75 to 95 mm Hg), mean
BFV would increase to approximately 48.5 to 57.5 cm/s.
These BFV values correspond to a normal perfusion in the
MCA territory (35#10 mL/100 g/min).22 BFV dependency
on BP indicates a deficient or exhausted vasomotor reserve.
BFV may decline even more for BP below an autoregulated
range. Therefore, the range of perfusion pressures that would
prevent BFV decline may be narrow.

Transient hypotension was associated with lower BFV on
the stroke side. Orthostatic hypotension affects 5% to 18% of
the elderly population,23,24 and was identified as an indepen-
dent predictor of ischemic stroke9 and all-cause mortality
after adjustment for risk factors.25 Therefore, hypotension
may contribute to repetitive hypoperfusion during daily

70 90 110 130 150
Mean blood pressure (mmHg)

20

40

60

80

100

M
ea

n 
bl

oo
d 

flo
w

 v
el

oc
ity

 (
cm

/s
)

   
 S

tr
ok

e 
si

de
 o

r 
R

N
D

 s
id

e 
1

70 90 110 130 150

20

40

60

80

100

M
ea

n 
bl

oo
d 

flo
w

 v
el

oc
ity

 (
cm

/s
)

   
 S

tr
ok

e 
si

de
 o

r 
R

N
D

 s
id

e 
1

Control HTN
Stroke

B

Baseline

Tilt

R=0.39
Slope = 0.46
p = 0.0022

R=0.37
Slope = 0.40
p = 0.0028

A

Figure 2. A linear regression of mean BFV and BP during base-
line (A) and tilt (B) in the stroke group (dark circles) and hyper-
tensive control subjects (open circles). Normotensive control
subjects had no relationship between BP and BFV; not dis-
played for picture clarity. Dotted lines indicate BFV range in the
control group (mean#SD).
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release 1.5 mg) or placebo. If the target BP of 150/80 was still exceeded, then an ACE 
inhibitor (perindopril 2 or 4 mg) or placebo was added.
Protocol
For elderly patients not on antihypertensive meds
Do not use BP measurements to adjust treatment
Measure BP only to determine whether HTN is present, as HTN is one of several risk 
factors for cardiovascular disease and dementia
If possible, use 24h ambulatory blood pressure monitoring to determine if high BP exists
If there are risk factors for cardiovascular disease and dementia, and blood pressure 
levels are adequate (ie greater than 140/90 in those > 85 years) treat with a so-called 
“antihypertensive”. Choose a  medication based on its comparative efficacy in 
diminishing the risk of interest (ie stroke, MI, or dementia). Use a standard dose. If BP 
drops below 140/90, decrease the dose or switch to another agent.
For new elderly patients who are already taking antihypertensive meds
Unless it is clear from the history or the choice of medications being used that the 
medications are intended to treat or prevent heart failure, gradually taper and 
discontinue antihypertensive medications.
Once off medication, follow the protocol above for patients not on antihypertensive 
meds
If the meds are clearly being used to treat or prevent heart failure, aim for the lowest 
doses consistent with good management. Daily weights and corresponding adjustments 
of diuretic dosage can be useful. Consider using digitalis glycosides.
Possible consequences of low blood pressure
Inadequate perfusion of the brain, leading to cognitive impairment, behaviour problems 
(with frontal lobe hypoperfusion), TIA, stroke, dizziness, and falls.
Inadequate perfusion of coronary arteries, leading to angina or MI
Inadequate perfusion of kidneys, leading to kidney failure; inadequate diuresis which 
can increase risk of acute worsening in patients with heart failure.


