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Objective: Disturbed sensory gating has been related to atten-
tion deficit and greater distractibility in patients with schizo-
phrenia, and dysfunction of the alpha-7 subunit of the cholin-
ergic nicotinic receptor has been discussed as its biological
basis. Alzheimer’s disease is characterized by a cholinergic defi-
cit, and postmortem studies have reported alpha-7 receptor
loss in patients with Alzheimer’s disease. In this study, the au-

thors tested whether sensory gating is disturbed in patients

with Alzheimer’s disease.

Method: Suppression of the P50 event-related potential fol-

lowing the second click of a double-click paradigm, a measure

of sensory gating, was assessed in 17 Alzheimer’s disease pa-

tients and 17 comparison subjects.

Results: Alzheimer’s disease patients showed less P50 suppres-

sion following the second click relative to the comparison

subjects.

Conclusions: Disturbed sensory gating might result from cho-

linergic dysfunction and possibly from alpha-7 nicotinic recep-

tor loss in patients with Alzheimer’s disease. Prospective studies

should investigate the relationship between sensory gating def-

icit and behavioral disturbances in Alzheimer’s disease patients.

(Am J Psychiatry 2001; 158:1319–1321)

Sensory gating refers to the inhibition of a stimulus-re-
lated neuronal response if the stimulus is preceded by a
warning tone. It can be assessed by the amplitude reduc-
tion of the P50 event-related potential to the second click
of a double-click paradigm. Disturbed P50 suppression
has been related to impairment in sustained attention (1)
and greater distractibility (2) in patients with schizophre-
nia. Animal experiments (3) and postmortem studies (4) of
schizophrenic patients have suggested that sensory gating
is mediated by the alpha-7 subunit of the cholinergic nic-
otinic receptor.

Alzheimer’s disease is characterized by a presynaptic
cholinergic deficit, and there is evidence for alpha-7 re-
ceptor loss (5). Beside cognitive dysfunction, behavioral
symptoms related to attention deficit and greater distract-
ibility occur in the course of Alzheimer’s disease. In this
study, we investigated whether Alzheimer’s disease pa-
tients display disturbed sensory gating expressed by a def-
icit in P50 suppression.

Method

Seventeen patients with Alzheimer’s disease (11 women and six
men; mean age=71.2 years, SD=5.8; Mini-Mental State Examina-

tion [MMSE] score=17.5, SD=5.4) and 17 healthy comparison
subjects (11 women and six men; mean age=67.8 years, SD=7.4;
mean MMSE score=29.1, SD=1.0) participated in the study. Pres-
ence of Alzheimer’s disease was confirmed per the criteria of the
National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders As-
sociation. After complete description of the protocol, written in-
formed consent was obtained from the subjects and their legal
guardians.

The P50 suppression paradigm was performed in three blocks
of 36 click pairs (volume=80 dB, stimulus duration=1 msec, inter-
click interval=500 msec, interpair interval=10 seconds) adminis-
tered through headphones. Electrodes (resistance <10 kΩ) were
placed at the Fz, Cz, and Pz recording sites with linked mastoids
as the reference. EEG responses were band-pass filtered (0.53 to
500 Hz at a sampling rate of 1,024 Hz). Ocular movements were
controlled with vertical and horizontal electro-oculography
(EOG). After eye movement correction (6) and artifact exclusion
(7), the EEG data between 100 msec before the first click and 500
msec after the second click were averaged over the three blocks.
The resulting event-related potential waveforms were digitally
band-pass filtered (10–50 Hz) to remove N100 effects, which can
cover the P50 (8).

The first P50 component was defined as the most positive peak
between 40–80 msec after the first click (S1). The second P50
component was defined as the positive peak after the second
click (S2) that was closest to the latency of the first P50. The am-
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plitudes were measured from the preceding negativity. The ratio
of the second P50 amplitude divided by the first P50 amplitude
was calculated for each subject (S2/S1). The amplitudes of the
first P50 and the amplitude ratios were compared between the
groups (Student’s t test). Even though the age difference between
the groups was not significant (t=1.5, df=32, p=0.14), its influence
on the amplitude ratios in addition to diagnosis was assessed
with an analysis of covariance (ANCOVA). The amplitude ratios
were separately correlated with age in each group and with the
MMSE score in the group of Alzheimer’s disease patients (Pear-
son’s correlation coefficient). Only the data at Cz are presented
here, since the P50 suppression effect is most pronounced at this
site.

Results

The amplitude of the P50 wave following the first click
did not differ significantly between the groups (t=0.70, df=
32, p=0.49). The amplitude ratio, however, was signifi-
cantly larger in the Alzheimer’s disease group (Table 1),
implying a deficit in P50 suppression. The ANCOVA re-
vealed no significant effect of age on the amplitude ratio
(F=0.19, df=1, 31, p=0.66). The amplitude ratio was not
correlated with disease severity as expressed by the MMSE
score (r=0.03, df=15, p=0.90) or with age (r=–0.14, df=15,
p=0.59) within the Alzheimer’s disease group. There was
also no correlation of the amplitude ratio with age in the
comparison group (r=–0.02, df=15, p=0.94).

Discussion

In the present study, Alzheimer’s disease patients
showed diminished sensory gating expressed by a deficit
in P50 suppression relative to healthy comparison sub-
jects. This result is not in agreement with the only other
published study of sensory gating in Alzheimer’s disease,
which did not detect a group difference in P50 suppres-
sion between patients and comparison subjects (9). This
might be explained by that study’s small number of pa-
tients with an identifiable P50 after both clicks (N=6),
which yields a power of 0.62 to detect a difference of the
magnitude as seen in the present study.

P50 suppression is mediated by the alpha-7 subunit of
the nicotinic receptor (3). Alzheimer’s disease is character-
ized by a disturbed presynaptic integrity of the cholinergic

system. Consequently, the observed P50 suppression defi-
cit might result from the presynaptic cholinergic deficit.
The crucial role of the cholinergic dysfunction for early
sensory processing in Alzheimer’s disease has also been
shown in terms of a diminished P1, which has been related
to a disturbed thalamic cholinergic system (10).

Furthermore, there is evidence for alpha-7 receptor loss
in Alzheimer’s disease (4). Perry et al. (11), however, failed to
detect alpha-7 receptor loss. From these controversial find-
ings, it might be speculated that only a subgroup of Alzhei-
mer’s disease patients displays alpha-7 receptor loss. This is
supported by the observation that the diminished P50 sup-
pression is not related to the cognitive status of the patients,
which would be expected if only the presynaptic cholin-
ergic deficits contributed to disturbed sensory gating. Since
sensory gating is attributed to greater distractibility and at-
tentional dysfunction, those patients with alpha-7 receptor
loss might be at particular risk for behavioral disturbances.
Thus, future studies should focus on the relationship be-
tween disturbed sensory gating and the vulnerability for be-
havioral symptoms. P50 suppression might serve as an
electrophysiological predictor for the treatment response of
noncognitive disturbances to cholinesterase inhibitors that
is observed in Alzheimer’s disease (12).
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P50 Characteristic

Alzheimer’s Disease 
Patients (N=17)

Comparison 
Subjects (N=17)

Mean SD Mean SD
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Latency (msec)
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a Significant between-group difference (t=2.72, df=32, p<0.02).
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Objective: The authors assessed frontotemporal function in
patients with geriatric depression, a debilitating and increas-

ingly prevalent disorder that has not been examined with brain
activation paradigms.

Method: Six depressed elderly patients and five healthy com-
parison subjects underwent high-sensitivity [15O]H2O positron
emission tomography scans during a paced word generation
task and a resting condition.

Results: Bilateral activation deficits were noted in the dorsal
anterior cingulate gyrus and hippocampus of the depressed ge-
riatric patients relative to the comparison subjects. Patients had
memory deficits that correlated with lower hippocampal activ-
ity during both rest and activation.

Conclusions: These initial findings suggest that hippocampal
and dorsal anterior cingulate hypoactivation may constitute
contributing neural substrates of geriatric depression. They also
suggest that hippocampal dysfunction is related to the memory
dysfunction characteristic of this disorder.

(Am J Psychiatry 2001; 158:1321–1323)

Memory and executive functions are frequently im-
paired in depressed elderly patients (1). These cognitive
impairments influence the course of geriatric depression
(2, 3) and may be associated with its pathogenesis (1).

Resting neuroimaging studies of younger depressed pa-
tients have shown left-sided or bilateral hypoactivity in the
dorsolateral, inferior, and medial frontal regions as well as
the temporal limbic regions, particularly the amygdala (4–
7). Resting state hypoactivity in the medial prefrontal cor-
tex has been correlated with cognitive impairment (8).
Blunted left cingulate activation has been observed in
younger depressed patients performing a response inter-
ference task (9).

Geriatric depression often occurs in the context of age-
related brain changes that contribute to its pathogenesis
(10). Therefore, findings in younger adults may not neces-
sarily generalize to the elderly. Functional neuroimaging
studies in geriatric depression have reported lower levels

of global blood flow, orbitofrontal and inferior temporal
regional blood flow decreased (11, 12), and abnormalities
in posterior association cortices (13). These valuable find-
ings were noted only under resting conditions and yielded
limited information on the integrity of neural systems that
serve executive functions and memory.

On the basis of clinical findings from elderly depressive
subjects and neuroimaging findings from younger adults,
we used positron emission tomography (PET) during an
activation paradigm (involving a word generation task) in
addition to resting state measurements to test the hypoth-
esis that prefrontal and mesial temporal brain malfunc-
tion exists in patients with geriatric depression.

Method

The patient group consisted of six right-handed older subjects
(four men and two women; mean age=70.7 years, range=59–82)
with DSM-IV major depression, a 24-item Hamilton Depression


