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Clinical application of electrophysiological
markers in the differential diagnosis of depression
and very mild Alzheimer's disease

G R J Swanwick, M Rowan, R F Coen, D O'Mahony, H Lee, B A Lawlor, J B Walsh,
D Coakley

Abstract
Background-Current evidence indicates
that, on their own, neither flash visual
evoked responses (FVEPs) nor event
related potentials (ERPs) are sufficiently
useful to the clinician in the very early
stages of memory dysfunction. However,
the possibilities for the combined use of
these measures has not been fully
explored.
Methods-This study examined the clini-
cal utility of combined FVEP and ERP-
P300 component latencies as predictive
markers in 16 patients with Alzheimer's
disease, 15 patients with depression, and
21 control subjects.
Results-There were significant group
differences in FVEP P2 latency
(P = 0.004) between the controls and both
the depressive patients and those with
very mild Alzheimer's disease. There
were no statistically significant group
differences for the ERP component
(N2/P300) amplitudes or latencies. The
P300 component latency was positively
correlated with both the FVEP N2 and
FVEP P2 component latencies in the
patients with Alzheimer's disease but not
in the control subjects or the depressed
patients. A discriminant function, using
two ERP and two FVEP component
measures, gave an overall correct classifi-
cation rate for dementia of 78%. In this
study of very mildly impaired patients the
FVEP latencies provided a more sensitive
marker for the presence of cognitive
dysfunction than P300 latency delay.
Conclusions-The findings support the
use of multimodal evoked potentials in
the differential diagnosis of very mild
Alzheimer's disease and normal aging.

(J Neurol Neurosurg Psychiatry 1996;60:82-86)

Keywords: electrophysiology; depression; Alzheimer's
disease

In elderly patients the differential diagnosis of
depression and the very early stages of
Alzheimer's disease poses a common clinical
dilemma. Similar cognitive impairments can
occur in both disorders and, in addition,
Alzheimer's disease is not infrequently compli-
cated by clinical depression."'-

In 1976 Visser et al reported that compo-
nents of the flash visual evoked potential

(FVEP) were delayed in dementia. Several
research groups have since documented FVEP
latency delays in Alzheimer's disease.' I By
contrast, Coben et al9 and Ray et all" reported
no significant delays in FVEP latencies in mild
to moderate Alzheimer's disease. Although the
findings of Philpot et al provided evidence for
FVEP P2 delay in Alzheimer's disease this was
only significant in patients under 75 years of
age.

Investigators using VEPs in depressed
patients have concentrated on amplitude
rather than latency abnormalities. Perris" and
Shagass et all' reported lower VEP amplitudes
in depression and psychotic depression
respectively, whereas Vasconetto et al
reported augmentation. Khanna et al`" showed
accentuation of some FVEP waveforms in
young melancholic patients whereas Knott
and Lapierre'" reported attenuation of FVEP
potentials in patients with psychomotor retar-
dation. More recently Vasile et al I" have
reported FVEP abnormalities in melancholia
which were most prominent in elderly
patients. However, some investigators-for
example, Guidi et al'7 have failed to show
any difference between depressed patients and
normal controls.

Goodin et al15 were the first to suggest that
P300 latency delay might provide a sensitive
and specific marker for dementia. The claims
of high sensitivity for dementia were supported
by further studies.'3 22 However, these studies
used moderately demented patients and,
although one recent study23 did show a signifi-
cant P300 delay in patients with mild
Alzheimer's disease, there are studies which
suggest that P300 latency delay does not have
sufficient sensitivity during the early stages of
Alzheimer's disease when it would be most
useful to the clinician.3 24 26

Goodin27 also suggested that delayed P300
latency could be used to distinguish patients
with "true" dementia from the "pseudode-
mentia" that can be associated with depression
and other "functional" disorders. Unfor-
tunately, the medical literature is far from
unanimous on this issue. Abnormalities of
P300 in depression have been reported by
both Pfefferbaum et al24 and Gordon et al.22
Furthermore, Patterson et a125 and Kraiuhin et
al3 failed, using an auditory "oddball" para-
digm, to discriminate patients with mild
Alzheimer's disease from depressive patients.
Thus current evidence indicates that, on

their own, neither VEPs nor event related
potentials (ERPs) are sufficiently sensitive or
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specific in the very early stages ofmemory dys-
function to be useful to the clinician.
However, the possibilities for the combined
use of these measures has not been fully
explored. For example, a Medline literature
search identified no studies published in
English which have used combined VEP and
ERP ("multimodal") measures. The one
article identified (published in Japanese) did
show the utility of multimodal EPs in the
differential diagnosis of Alzheimer's disease,
dementia of Parkinson's disease, and Bins-
wanger's disease.28
The aim of this study was to assess the clin-

ical utility of combined FVEP and ERP-P300
component latencies as predictive markers in
patients presenting with mild cognitive impair-
ment who could otherwise only be distin-
guished as normal or as having either
Alzheimer's disease or depression by a period
of follow up.

Methods
SUBJECTS
Sixteen patients with very mild Alzheimer's
disease and 15 age matched patients who met
DSM-III-R criteria for a major depressive
episode29 were recruited. The Alzheimer's dis-
ease group consisted of four men and 12
women with a mean age of 71-4 (SD 6-9) and
a mean mini mental state examination
(MMSE)'0 score of 23-9 (SD 2A4). The
depressive patients were seven men and eight
women with a mean age of 74 2 (SD 7-1) and a
mean MMSE score of 25-8 (SD 3 5). Electro-
physiological data were also recorded from 21
healthy controls. These were seven men and
14 women with a mean age of 70-1 (SD 6 9).
All of these control subjects had an MMSE
score of 28 or greater.

At the time of assessment all of the patients
with Alzheimer's disease had very mild cogni-
tive impairment as defined by an MMSE score
of > 20 and a clinical dementia rating (CDR)3
of 0-5/"questionable dementia." All of these
CDR 0 5 patients were followed up to ensure
progression from "questionable dementia" to
CDR 1/mild dementia meeting NINCDS-
ADRDA criteria for probable Alzheimer's
disease.32 All of the evoked potential measure-
ments were carried out at the initial assess-
ment and any patients who had not progressed
within 12 months were excluded from the
analysis. Any patient with Alzheimer's disease
who fulfilled DSM-III-R criteria for depres-
sion was also excluded.
The depressed patients were followed up for

a minimum of 12 months to ensure that any
cognitive deficits did not progress. (In addition
to the 15 depressed patients entered into the
study for analysis, five patients who initially
met DSM-III-R criteria for a major depressive
episode later met DSM-III-R criteria for
dementia. These five patients were excluded
from the analysis because they had dual
pathology.) Severity of depression was
assessed with the Hamilton scale for depres-
sion (Ham-D).3 The mean Ham-D for the
depressed patients was 20-8 (SD 4 6). Electro-

physiological measurements were carried out
before response to treatment. The aim was to
examine the clinical application of evoked
potentials and, as any technique that requires
patients to be drug free or to have a wash out
period will be of limited practical use, it was
not appropriate to withhold antidepressants
from depressed patients. However, the inclu-
sion of patients on medication did have impli-
cations for the choice of electophysiological
variable to be measured. Benzodiazepines
have been reported to produce a reduction34
and imipramine an increase35 in FVEP ampli-
tude but FEVP latency effects have not been
convincingly shown. Given these facts it was
intended that latency measures only would be
considered.
The control subjects were fully independent

in the community. They had no history of
psychiatric disorder, neurological disorder,
cognitive symptoms, alcohol dependence, or
substance misuse and were not on psy-
chotropic medication. The study was
approved by the Federated Dublin Voluntary
Hospitals ethics committee and informed con-
sent was obtained from each subject.

ELECTROPHYSIOLOGICAL PROCEDURES:
ERP RECORDING
Recordings were carried out, within three
hours of eating either breakfast or lunch, in a
sound and electrically attenuated room with
the temperature kept relatively constant
(18-20°C). Time of day and seasonal factors
were matched across the diagnostic groups.
Subjects were seated in a comfortable chair
and were trained to respond to the target stim-
uli by raising the index finger of the dominant
hand.
The responses were recorded from frontal

(Fz), vertex (Cz), and parietal (Pz) midline
electrode sites with a left mastoid reference
using an auditory "oddball" paradigm gener-
ated by the Medelec "Mistral II" system. A
midline forehead electrode was used to monitor
eyeblink artifact. The stimuli used were binau-
ral tones with a frequency of 2000 Hz for the
target tones, which amounted to 15% of stimuli
presented, and 1000 Hz for the non-target
tones. Once the subject had responded cor-
rectly to 32 target stimuli the procedure was
discontinued. Signals were filtered using a
0-1-30 Hz bandwidth and amplified by a fac-
tor of 5 x 104. The P300 component was
defined as the largest positive peak occurring
after the NI, P2, and N2 components which
increased in amplitude from the frontal to the
parietal scalp areas. The P3MAX method36
was employed to identify the P300 component
latency when bifurcated peaks occurred. The
Fz and Cz electrodes were included to assist in
P300 component identification and the analy-
ses were restricted to the Pz recordings.

ELECTROPHYSIOLOGICAL PROCEDURES:
FVEP RECORDING
The FVEPs were recorded using left (O1) and
right (02) occipital electrode sites referenced
to Fz (midline frontal site). Binocular flash
stimuli were presented at a rate of 2 Hz using a
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stroboscope placed 30 cm from the eye. The
stroboscope was triggered by a Medelec
"Mistral II" system. A filter band width of
0 1-30 Hz was applied and the response sig-
nals were amplified by a factor of 5 x 104.
Taking a mean from the two channels (01,
02), the N2 and P2 components were derived
from 128 averaged evoked response sweeps.

DATA ANALYSIS
Group differences for each type of measure
were assessed using analyses of variance
(ANOVA) and post hoc Scheffe's F tests. The
electrophysiological measures giving the
strongest findings from the FVEP and ERP
studies were then combined by multivariate
discriminant analysis. Using minitab statistical
software a discriminant analysis was applied
with the aim of classifying the findings into
two groups (dementia v no dementia). The
data from the depressed patients and the con-
trol subjects were classified together as the pri-
mary aim was to distinguish Alzheimer's
disease from other diagnostic groups rather
than depressed patients from controls. To
compensate for an optimistic apparent error
rate (AER) a cross validation procedure was
also applied to the data. This procedure omits
the first observation from the data set, devel-
ops a classification function using the remain-
ing observations, then classifies the omitted
observation. Next, it returns the first observa-
tion to the data and repeats the process with
the remaining observations.37

Results
There was no significant age difference
between the groups (ANOVA: P = 0'23). The
FVEP N2 and P2 components were well
formed in all 52 subjects. Similarily, the ERP
P300 component peak was identifiable at the
Pz electrode site in all subjects; however, the
N2 component was not clearly identifiable in
two subjects. None of the FVEP or ERP com-
ponent measures (FVEP N2 and P2 latencies,
ERP N2 and P300 latencies and amplitudes)
were significantly correlated with either the
degree of depression (Ham-D) or the degree
of dementia (MMSE).

FVEP COMPONENT LATENCIES
There was a statistical trend towards a group
difference in FVEP N2 latency between the
depressive patients and the healthy controls
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with the latency being delayed in the depres-
sive patients (ANOVA: P = 0-08; post hoc
Scheffe's F test: 2 03). There was no FVEP
N2 latency delay in the patients with very mild
Alzheimer's disease relative to the controls.
There were significant group differences in
FVEP P2 latency (ANOVA: P = 0 004)
between the controls and both the depressives
(post hoc Scheffe's F test = 4-2) and the
patients with very mild Alzheimer's disease
(post hoc Scheffe's F test = 4 5).

ERP COMPONENT MEASURES
There were no statistically significant group
differences for the ERP component (N2/
P300) amplitudes or latencies.
The P300 component latency was positively

correlated with both the FVEP N2 and FVEP
P2 component latencies in the patients with
Alzheimer's disease but not in the control
subjects or the depressed patients. The corre-
lations between the P300 and FVEP latencies
in the Alzheimer's disease group were as
follows: P300 and FVEP N2 (r = 0 53,
P = 0-03; fig 1); P300 and FVEP P2
(r = 0 76, P = 0-0006; fig 2). For the ERP
N2 and FVEP N2/P2 latencies the correla-
tions were r = 0 49 and r = 0 54, respec-
tively.
Thus both patient groups showed FVEP

latency delays but the pattern of abnormality
was different and was only correlated with the
ERP latencies in the patients with Alzheimer's
disease.

DISCRIMINANT FUNCTION ANALYSIS
The strongest findings from the FVEP and
P300 recordings were FVEP N2/P2 latency
abnormalities in both the patients with
Alzheimer's disease and depressed patients
and positive correlations between the ERP
N2/P300 and the FVEP N2/P2 latencies in the
patients with Alzheimer's disease. Thus four
variables were used for the discriminant func-
tion analysis namely, the FVEP N2/P2 laten-
cies and the ERP N2/P300 latencies recorded
from the Pz electrode site.
The resulting discriminant analysis (table 1)

gave an overall correct classification rate of
78%. Twelve of the 15 patients with
Alzheimer's disease (80% sensitivity) were
correctly classified as having a dementia,
whereas 27 of the 35 combined controls and
depressive patients were correctly classified as
not demented (80% specificity).
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Figure 1 Relation between FVEP N2 and P300 latencies
in Alzheimer's disease.

Figure 2 Relation between FVEP P2 and P300 latencies
in Alzheimer's disease.
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Table 1 Linear discriminant function

Linear discriminant Alzheimer's Non-
function for group: disease demented
Constant - 63-463 -62-065
ERPN2 0153 0146
ERPP300 0-063 0-066
FVEP N2 0-437 0-528
FVEP P2 0-150 0 079

Squared distance between groups = 1 168.

To compensate for an optimistic AER the
cross validation procedure was applied to the
same data set giving an overall correct classifi-
cation rate of 72%. Ten of the 15 patients with
Alzheimer's disease (67% sensitivity) were
correctly classified, whereas 26 of the 35 com-
bined controls and depressive patients were
correctly classified as not demented (74%
specificity).
As the success of the discriminant analysis

might primarily reflect differences between
patients with Alzheimer's disease and the con-
trols, analyses were also carried out to discrim-
inate the patients with Alzheimer's disease
from the depressive patients and the controls
separately. As it is also possible that the FVEP
measures could be equally successful on their
own the analyses were repeated using only the
two FVEP component latencies. The discrimi-
nant analysis for the patients with Alzheimer's
disease versus control subjects was the most
successful and the addition of the ERP mea-
sures to the FVEP latencies was only helpful
for this same comparison (table 2).

Discussion
In recent years there has been a growing disap-
pointment in the clinical utility of evoked
potential measures. There is little doubt that
there are significant group differences between
moderately demented subjects and controls.
By contrast, the quest for an electrophysio-
logical marker with sufficient sensitivity and
specificity to diagnose mild Alzheimer's
disease in individual patients has been much
less fruitfull.
The patients with Alzheimer's disease in

this study had such early symptoms (CDR 0 5/
questionable dementia) that a period of follow
up (6-48 months) was required to ensure pro-
gressive cognitive impairment and confirm the
diagnosis. Therefore, given that most recent
studies have reported that P300 latency delay
has poor sensitivity for cognitive dysfunction
in the early stages of Alzheimer's disease,' 2426
it was not surprising that comparison of P300
latencies in this study failed to discriminate the

Table 2 Discriminant analysis for groups separately using combined ERP and FVEP
measures or FVEP measures alone

Groups to be Measures Sensitivity forAD Specificity forAD
discriminated used ()/0 (%/0)
AD v "no dementia" ERP and FVEP 80 77

FVEP alone 73 77
AD v controls ERP and FVEP 87 85

FVEP alone 73 85
AD v depressives ERP and FVEP 73 60

FVEP alone 67 67

AD = Alzheimer's disease.

patients with very early Alzheimer's disease
from either the depressed patients or the con-
trol subjects.
On the other hand there was a significant

delay in the FVEP P2 component in both of
the two patient groups relative to the controls.
Additionally, there was a significant delay in
the FVEP N2 in the depressive patients rela-
tive to the controls. These findings add further
support to the medical literature on FVEP
abnormalities in depression, particularly as
previous studies had concentrated on ampli-
tude rather than latency. Although the
depressed patients were not drug free and
pharmacological effects on the findings cannot
be completely excluded, the use of latency
rather than amplitude measures makes this
less likely. For the same reason a sex effect was
unlikely to have a significant influence on the
findings. However, it cannot be ruled out as
the proportion of men was greatest in the
depressed group.
The group difference in FVEP P2 latency

between the patients with very mild
Alzheimer's disease and the controls in the
current study is of particular interest given the
previous negative findings of Coben et at' and
Ray et al.10 The study reported by Ray et al'0
included only six controls and six patients and
may not have had sufficient power to show a
difference. Neither of the previous studies
used the NINCDS-ADRDA criteria for selec-
tion of patients with Alzheimer's disease.
Therefore, differences in the clinical diagnos-
tic criteria provide another possible explana-
tion for the contrasting findings in the present
study.
As there was an almost complete overlap

in the range of MMSE scores in the
Alzheimer's disease (20-27) and depressed
(16-30) patients the two patient groups
reflected the common clinical dilemma posed
by the differential diagnosis of very mild cog-
nitive dysfunction. The present findings sug-
gest that FVEP measures may provide a more
sensitive marker for cognitive dysfunction than
P300 measures. Although the FVEP findings
were not specific for dementia there was an
indication that in combination with P300
measures they might have diagnostic utility.
The finding of a strong correlation between
the P300 component and FVEP component
latencies in the patients with Alzheimer's dis-
ease but no relation in the depressive patients
might indicate different pathophysiological
processes underlying the FVEP abnormalities
in the two groups. Furthermore, it adds sup-
port to the notion that "multimodal" EPs
might provide a more sensitive and more spe-
cific marker for Alzheimer's disease in patients
with mild cognitive impairment.

Although the approach was less successful
at discriminating very mild Alzheimer's dis-
ease from cognitive impairment secondary to
depression, the finding that a discriminant
function, using two ERP and two FVEP com-
ponent measures, was a useful diagnostic val-
idator in very mildly impaired patients is
promising and provides further support for
this approach. This will clearly need to be
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replicated on an independent group of
patients. However, the results of the cross vali-
dation analysis are also encouraging.

Conclusions
In this study of very mildly impaired patients
the FVEP latencies provided a more sensitive
marker for the presence of cognitive dysfunc-
tion than P300 latency delay. The FVEP
abnormalities were not specific for dementia.
However, the findings did suggest that differ-
ent pathophysiological processes might be
responsible for the latency delays in the two
patient groups. Thus the present findings sup-
port the use of multimodal evoked potentials
in the differential diagnosis of very mild
Alzheimer's disease and normal aging but
additional measures (for example, pattern
reversal VEPs) may need to be added if this
approach is to have a role in discriminating
very mild Alzheimer's disease from cognitive
impairment secondary to depression.

We thank Irene Bruce and Fiona Buggy, Mercer's Institute for
Research on Ageing, for their invaluable assistance with the
running of this study. GRJS is a Health Research Board
Research Fellow.
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