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AGEISM IN INTERVENTIONAL STROKE STUDIES

To the Editor: Stroke is a disease affecting predominantly
older adults; in the national stroke audits in the United
Kingdom and Ireland, three-quarters of those admitted to
hospital with acute stroke are aged 65 and older.1,2

Existing research is indicative of ageism in the clinical
management of older adults with acute stroke.3 The data
collected as part of the U.K. National Sentinel Audit of
Stroke in 2004 show that older adults are less likely to be
treated in a stroke unit than younger individuals (≥85 vs
<65, risk ratio = 0.82, 95% confidence interval = 0.75–
0.90), and neuroimaging was performed within 24 hours
of stroke in 71% of individuals younger than 65 but in
51% of those aged 85 and older.

It is undocumented as to whether ageism is also a fac-
tor in the design and implementation of interventional
research studies in stroke, studies on which treatment
guidelines are increasingly based. In other areas of medical
research, alarming trends have been noted of the exclusion
of older people from clinical trials for other conditions,
leading to the paradox that a demographic group in
whom medications have been least well evaluated for effi-
cacy and side-effects are most likely to receive them.4 This
ageism can manifest in at least two different forms: an
arbitrary cutoff at an upper age or recruitment of samples
that fail to represent the demographic profile of those
affected by stroke.

It was therefore decided to review the inclusion and
exclusion criteria and the mean age of participants in a
U.S. government database of clinical trials in stroke.

Data were obtained from the National Institutes of
Health online database of clinical trials, Clinicaltri-
als.gov. All closed and completed interventional stroke
clinical trials up to May 2012 that had reported results
for any evidence of arbitrary age cutoff in inclusion and
exclusion criteria and the mean age of participants were
reviewed.

The age profiles of the studies were compared with
the results of the Irish National Audit of Stroke Care
(INASC) from 20081 and the U.K. National Sentinel
Stroke Audit from 2010.2

There were 110 closed interventional clinical trials with
results available under the search word “stroke.” After
review of the trial description, only 49 studies in the data-
base were directly related to an interventional study in
stroke. Thirteen of the trials (26.6%) had an upper age
cutoff: 80 (n = 7), 85 (n = 4), 86 (n = 1), and 95 (n = 1).

The mean of the mean age of all participants in these 49
trials was 65.8 � 5.1; the mean of participants in trials
without an upper age cutoff (n = 36) was 66.9. Both of
these mean ages are significantly lower than the mean age of
individuals who had a stroke in Irish hospitals in INASC
(75 � 13)1 and the U.K. National Sentinel Stroke Audit in
2010 (75.8 � 13.1).2

The current study confirms that the average age of
participants in interventional trials is more than 10 years
younger than the mean age of individuals in the popula-
tion-based stroke audits performed in the United Kingdom
and Ireland. Although complexity and consent challenges
in the older population may in part explain this, the treat-
ment being provided to this most vulnerable group should
be based on evidence from data collected from individuals
of a similar age.

One encouraging sign is the emergence of trials that
focus on increasing involvement of older adults in clinical
research,4 including trials in stroke such as the Third Inter-
national Stroke Trial,5 specifically designed to investigate
the safety and efficacy for thrombolysis for ischemic stroke
in individuals aged 80 and older. This demonstrates that
the evaluation of medicines can become more attuned to
age and more focused on older adults.

The involvement of geriatricians in stroke care may
also be important in raising consciousness in attuning
the age of stroke care6 and promoting greater awareness
among stroke physicians, researchers, and the pharma-
ceutical industry of the need to mandate that the age
profile of participants in trials in the testing and licens-
ing of drugs must reflect the needs of the eventual con-
sumer groups more accurately, and in particular older
people.
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SUNDOWNING SYNDROME AND
HYPOTHALAMIC–PITUITARY–ADRENAL AXIS
DYSREGULATION IN INDIVIDUALS WITH
ALZHEIMER’S DISEASE: IS THERE AN
ASSOCIATION?

To the Editor: Sundowning syndrome (SDS) in individu-
als with Alzheimer’s disease (AD) is a clinical phe-
nomenon characterized by the intensification of
neuropsychiatric symptoms in the late afternoon.1 This
behavioral disorder is common in subjects with advanced
dementia, with an incidence of 25%. Despite extensive
clinical literature on the features of SDS, the etiology of
this neuropsychiatric manifestation remains unknown.2

Limited exposure to sunlight, disordered circadian rhythm,
low levels of melatonin, sleep disturbances, and the side
effects of various medications have been proposed as
potential triggers of SDS,3 although there is strong evidence
that AD is associated with irregular glucocorticoid secre-
tion, primarily caused by dysregulation of the hypotha-
lamic–pituitary–adrenal axis (HPA axis) and consequently
likely to contribute to the behavioral disorders that indi-
viduals with AD exhibit.4,5 It is not clear whether the high
prevalence of HPA-axis dysfunction in individuals with
AD is associated with SDS, so the aim of this study was to
investigate the potential associations between HPA axis
dysregulation and SDS in individuals with Alzheimer’s dis-
ease.

Fifty-one individuals with a clinically confirmed diag-
nosis of severe AD were selected from among nursing
home residents of the Mons Mazzali Geriatric Institute,
Mantua, Italy. An additional 24 aged-matched individuals
with no symptoms of dementia or depression were selected
as controls. Individuals with AD and controls were
assessed on separate days. On Day 1, the Mini-Mental
State Examination (MMSE)6 was administered, a health
history was taken, a physical examination was performed,
blood pressure was measured, and a blood sample was
taken. To evaluate changes in neuropsychiatric symptoms
throughout the day, on Days 2 and 3, a battery of neuro-
psychological tests was performed in the morning at 7:00
a.m. and at sunset. An increase in neuropsychiatric symp-
toms of more than 15% between morning and sunset was
regarded as an indicator of SDS.1 The neuropsychological
evaluation battery consisted of the Neuropsychiatric Inven-
tory (NPI),7 to measure the person’s behavior, and the
Geriatric Depression Scale (GDS),8 to evaluate depression
symptoms. Saliva samples were collected on Days 4 and 5
using collection devices (Sarstedt Salivette, N€umbrecht,
Germany). Samples were collected at 7:00 a.m., 11:00
a.m., 3:00 p.m., 8:00 p.m., midnight, and sunset. Samples
were centrifuged for 2 minutes at 1,000 revolutions per
minute, and purified saliva was stored at �20°C until it
was analyzed in blind way using a cortisol assay on an

immunoanalyzer system (ROCHE COBAS 6000; Roche
Diagnostics, Mannheim, Germany).9 The relationship
between cortisol levels and changes in neuropsychiatric

Table 1. Subject Characteristics

Characteristic

Controls,

n = 24

Participants

with AD

without SDS,

n = 22

Participants

with AD

and SDS,

n = 29

Age, mean � SD 86 � 8 85 � 10 83 � 9
Body mass index, kg/m2,
mean � SD

23 � 4 22 � 3 23 � 4

Sex, female/male, n/n 19/5 18/4 22/6
Systolic blood pressure,
mmHg, mean � SD

136 � 5 135 � 8 137 � 9

Diastolic blood pressure,
mmHg, mean � SD

89 � 4 88 � 6 88 � 8

Glucose, mg/dL,
mean � SD

92 � 4 95 � 8 96 � 7

Red blood cell count,
106/lL, mean � SD

3.8 � 0.3 4.0 � 0.2 3.9 � 0.3

Hemoglobin, g/dL 12.5 � 1.2 11.6 � 0.5 11.2 � 0.8
High-density lipoprotein
cholesterol, mg/dL,
mean � SD

53 � 8 51 � 9 54 � 6

Low-density lipoprotein
cholesterol, mg/dL,
mean � SD

109 � 12 107 � 11 110 � 14

Comorbidity, n (%)
Cardiovascular disease 5 (21) 3 (14) 5 (17)
Diabetes mellitus 4 (17) 3 (14) 5 (17)
Arthrosis 7 (30) 9 (41) 8 (29)
Cataract 4 (17) 5 (22) 5 (17)
Chronic obstructive
pulmonary disease

2 (8) 3 (14) 5 (17)

Pharmacological treatments, n (%)
Trazodone 1 (4) 12 (54)a 14 (48)a

Quetiapine fumarate – 11 (50)a 13 (45)a

Promazine
hydrochloride

4 (16) 8 (36)a 10 (34)a

Citalopram 2 (8) 5 (22)a 8 (29)a

Lorazepam 2 (8) 4 (18)a 5 (17)a

Salivary cortisol, nmol/L
7:00 a.m. 12 � 1.0 13 � 0.9 17 � 1.1b

11:00 a.m. 7 � 1.1 8 � 0.8 10 � 0.9b

3:00 p.m. 4 � 0.5 4 � 1.1 7 � 0.8b

Sunset 3.5 � 0.8 3.8 � 0.8 5.6 � 0.7b

8:00 p.m. 3.8 � 0.6 4 � 0.6 6 � 0.7b

12:00 a.m. 7.5 � 0.9 7.2 � 0.8 9.9 � 0.9b

Cognitive function, behavioral disorders, and depression (evaluated in
the morning)
Mini-Mental State
Examination

26 � 3 12 � 4a 13 � 4a

NPI 2 � 1 20 � 6a 19 � 5a

GDS 2 � 2 6 � 2a 6 � 3a

Percentage change in neuropsychiatric symptoms and depression
between morning and sunset
NPI 7 � 4 9 � 3 33 � 9b

GDS 8 � 4 6 � 4 31 � 10b

aSignificantly different from controls.
bSignificantly different from controls and participants with Alzheimer’s

disease (AD) without sundowning syndrome (SDS).

SD = standard deviation; NPI = Neuropsychiatric Inventory; GDS = Geri-

atric Depression Scale.
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