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Longitudinal Effects of Nortriptyline on EEG
Sleep and the Likelihood of Recurrence in
Elderly Depressed Patients
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Our objectives were to determine the effects of nortriptyline
and placebo on subjective and EEG sleep measures over 1
year of maintenance therapy in elderly depressed patients
and to determine the relationship of such effects to
recurrence in nortriptyline or placebo-treated patients
during maintenance therapy.

EEG and subjective sleep assessments were conducted
before and during a maintenance therapy study of patients
suffering from major depression. During acute treatment all
patients received nortriptyline plus interpersonal
psychotherapy (IPT). During maintenance treatment
patients were randomly assigned to double-blind treatment
in one of four cells: nortriptyline with IPT; nortriptyline
with medication clinic (no IPT); placebo with IPT;: or
placebo with medication clinic. Sleep evaluations were
conducted at one point before treatment, one point following
remission during continuation nortriptyline/IPT treatment,
and at three time points after random assignment to
maintenance treatment.

The setting was the sleep laboratory of the outpatient
depression treatment clinic, and subjects were a
convenience sample of media-recruited and clinically
referred elderly outpatient depressed patients (n = 72).
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Complete sleep analyses were conducted for 21 nortriptyline-
and 10 placebo-treated patients throughout 1 year of
maintenance treatment. The main outcome measures were
subjective and EEG sleep measures and the recurrence of
major depression.

Our results show that nortriptyline acutely and
persistently decreased REM sleep, increased phasic REM
activity, decreased sleep apnea, and had no effect on periodic
limb movements during sleep. Recurrence on maintenance
nortriptyline was associated with lower phasic REM
activity during early continuation therapy, but EEG sleep
measures did not predict recurrence during placebo
maintenance therapy. Patients treated with nortriptyline
had a lower recurrence rate than those treated with placebo.
Better subjective sleep quality and maintenance IPT were
associated with a lower rate of recurrence regardless of
nortriptyline treatment. It seems that nortriptyline has
persistent effects on REM sleep and sleep apnea in elderly
depressed patients. Maintenance nortriptyline, maintenance
IPT, good subjective sleep quality, and high-phasic REM
activity are associated with a reduced likelihood of the
recurrence of depression during maintenance therapy.
[Neuropsychopharmacology 14:243-252 1996]

Major depression is associated with consistent EEG
sleep changes that are particularly evident among
elderly patients (Reynolds and Kupfer 1987; Knowles
and MacLean 1990; Benca et al. 1992). Sleep EEG fea-
tures in depressed patients, such as the delta ratio
(Kupfer et al. 1990) and REM latency (Giles et al. 1987),
are also associated with the likelihood and timing of
future depressive recurrences. Furthermore, the base-
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line measure of delta ratio interacts with continued psy-
chotherapy during maintenance treatment to influence
time to recurrence (Kupfer et al. 1990).

Antidepressant medications also have well-recog-
nized effects on EEG sleep that “normalize” some of the
typical depressive sleep changes (summarized in Buysse
1991). The most consistent antidepressant drug effect is
REM sleep suppression, although the potency of this
effect ranges from very strong, with agents such as clo-
mipramine and monamine oxidase inhibitors (Dun-
leavy and Oswald 1973; Kupfer et al. 1989) to relatively
minor, with agents such as trimipramine (Dunleavy et
al. 1972; Ware et al. 1989). In general antidepressant
drugs do not increase slow-wave sleep, but some drugs
such as trazodone increase the total amount of stage 3 and
4 sleep (Montgomery et al. 1983; Mouret et al. 1988), and
drugs such as nortriptyline and clomipramine increase
the amount of delta EEG activity during the first NREM
period relative to the entire night (Reynolds et al. 1991;
Kupfer et al. 1993). Some studies have demonstrated
that specific patterns of change in EEG sleep during
early drug therapy also correlate with ultimate clinical
response (Kupfer et al. 1981; Reynolds et al. 1991).

Although the acute effects of antidepressant drugs
(up to 4 weeks) have been well documented, there have
been very few studies of longer-term treatment. Given
current recommendations for longer treatment dura-
tions in acute major depression (American Psychiatric
Association 1993), understanding the longer-term effects
of these medications on sleep could improve further
our understanding of their neurobiology and mecha-
nisms of action. Kupfer et al. (1994) recently reported on
EEG sleep effects of imipramine over 3 years of mainte-
nance therapy in middle-aged depressed patients. The
study showed persistence of changes observed in the
acute medication treatment phase throughout the main-
tenance interval. Furthermore, Kupfer and colleagues
have also demonstrated that delta EEG counts during
continuation therapy with imipramine were signifi-
cantly associated with the likelihood of recurrence dur-
ing a 3-year follow-up (Kupfer et al. 1993).

The current study also examines long-term effects of
antidepressant medications on sleep, but we have focused
on a group of elderly patients with recurrent major
depression. The long-term sleep effects in this group
may be particularly salient because of their high fre-
quency of subjective sleep complaints on the one hand
and concern about anticholinergic and cardiovascular
effects of medications on the other hand. We examined
EEG sleep during a 1-year maintenance pharmacother-
apy with nortriptyline in elderly depressed patients,
contrasting these results with a parallel group of
patients randomized to maintenance placebo treatment
for 1 year; within each group patients were further ran-
domized for maintenance interpersonal psychotherapy
(IPT). The specific goals of the current study were (1) to
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examine the effects of nortriptyline on EEG sleep over
12 months of maintenance therapy in elderly depressed
patients; (2) to determine whether EEG sleep measures
at baseline or during continuation nortriptyline therapy
are associated with recurrence during a 1-year follow-
up; and (3) to determine whether maintenance IPT fur-
ther influences the likelihood of recurrence or contin-
ued wellness. Based on the results reported by Kupfer
and colleagues, we predicted that acute nortripytline
effects on sleep would persist during maintenance and
that reduced delta EEG counts would predict recur-
rence in both placebo- and nortriptyline-treated groups.
We also expected maintenance nortriptyline and main-
tenance interpersonal psychotherapy to increase the
likelihood of continued wellness during the 1-year fol-
low-up.

METHODS
Study Description

The current results are part of a larger study of EEG
sleep and clinical outcome during maintenance phar-
macotherapy and psychotherapy of late-life depression
(Reynolds et al. 1991, 1992). Elderly patients with recur-
rent unipolar major depression first receive acute treat-
ment with a combination of nortriptyline and IPT.
Remission of the depressive episode is defined by three
consecutive weeks of a Hamilton Depression Rating
Scale (HRSD); (Hamilton 1960) score of =10. The acute
treatment phase typically lasts for 12 to 24 weeks. Once
initial remission has been achieved, patients continue
nortriptyline in the same dose for an additional 16 weeks,
together with IPT every other week. At this point, a
6-week transition phase begins, wherein subjects are
randomly assigned to one of four cells for maintenance
therapy: nortriptyline plus IPT; nortriptyline plus “medi-
cation clinic”; placebo plus IPT; or placebo plus “medica-
tion clinic.” For those assigned to placebo, nortriptyline
is gradually tapered and discontinued over this 6-week
period. Medication clinic consists of brief (15-minute)
weekly meetings with a clinician and physician focus-
ing on symptoms of depression and medication effects
or side effects; no interpersonal or other specific psy-
chotherapy issues are addressed. Patients in the four
maintenance cells did not differ significantly on clinical
characteristics including age, sex ratio, duration of
depressive episode, number of previous episodes, or
severity of the index episode. Following the transition
phase a 3-year maintenance phase begins. All patients
are followed monthly during maintenance therapy,
with the goal of rapidly identifying recurrence of major
depression. Recurrence is defined by syndromal major
depression (RDC) with a HRSD score =17 for 2 consec-
utive weeks.

The current study focused primarily on two groups
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of patients, placebo- and nortriptyline-treated patients,
each treated over a period of 12 months. Within nortrip-
tyline and placebo groups, we further identified two
subgroups, those with a recurrence within 12 months,
and those successfully completing 12 months of mainte-
nance therapy. The nortriptyline group consists of 33
patients, including 24 who completed 12 months of fol-
low-up and 9 who suffered a recurrence. Among the
placebo-treated group, 14 completed 1 year of mainte-
nance treatment without recurrence and 25 suffered a
recurrence.

Patients

The study group included patients aged 60 to 80 years
with a diagnosis of recurrent unipolar nonpsychotic
major depression determined by the Schedule for Affec-
tive Disorders and Schizophrenia (Spitzer 1978). A
severity rating of =17 on the 17-item HRSD is required
for study entry. Furthermore, patients are required to
have stable medical conditions posing no contraindica-
tion to nortiptyline, and not to be taking any medica-
tions that could directly cause depressive symptoms. A
total of 46/72 depressed patients in the final sample
were taking medications at the baseline evaluation.
These medications included nonsteroidal antiinflamma-
tory drugs (n = 18), diuretics (n = 14), calcium-channel
antagonists (n = 11), thyroid replacement hormones (n =
8), digoxin (n = 5), and estrogen/progresterone (n = 5);
fewer than five subjects were taking medications of
other classes (e.g., vasodilators, hypoglycemic agents).
Wrritten informed consent was obtained for each subject
before participation in the study.

To date, a total of 148 patients have been accepted
into the study and 86 have been randomly assigned to
maintenance treatment. The smaller number of patients
reported in the current analysis (72) reflects the number
of patients who had sleep studies at the relevant time
points and for whom we could determine a one-year
outcome (recurrence or completion). Some patients did
not have baseline sleep studies because the acuteness of
their depression required immediate intervention or
because of medication factors that would preclude an
adequate study. Other subjects have not yet completed
1 year of maintenance treatment. Figure 1 displays sub-
ject flow for patients included in this report.

EEG Sleep Studies

We report EEG sleep studies from five time points: (1)
baseline while depressed and not on medication (T);
(2) after remission of clinical symptoms during nortrip-
tyline continuation treatment (T2); (3) at 1 month into
maintenance treatment after placebo-nortriptyline assign-
ment (T3); and again (4) at 6 (T4) and (5) 12 months (Ts)
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into the maintenance phase of treatment (Figure 1).
Thus all patients in the current report were antidepres-
sant-medication free at the initial time point, and all
were taking nortriptyline during the second sleep eval-
uation. The mean nortripytline dose at T; was 85.2 *
36.9 mg (range 20-200), producing a mean plasma level
of 90.5 * 24.0 ng/ml (range 34-149). The nortriptyline-
and placebo-assigned subjects diverged in medication
status at the 1-month (T3), 6-month (T4), and 12-month
(Ts) maintenance therapy time points. At each evalua-
tion point, the patients completed three consecutive
nights of EEG sleep studies. In addition to routine EEG,
EOG, and EMG measurements, patients were moni-
tored for sleep apnea and periodic limb movements
(PLM) on the first night of each series. High- and low-
filter frequency settings for the EEG and EOG were 30
and 0.3 Hz, with a sensitivity of 5 uV/mm. All records
were visually scored for traditional domains of sleep
continuity, sleep architecture, and REM phasic and tem-
poral measures. Each EEG record was also analyzed
with period analysis for determination of 0.5- to 3.0-Hz
EEG delta activity during NREM sleep, and with an
automated REM detection algorithm during REM epochs
(Kupfer et al. 1984; Doman et al. 1995). These analyses
exclude epochs identified as awake or movement time.
In addition to EEG sleep measures, we also examined
subjective sleep quality using the Pittsburgh Sleep Qual-
ity Index (PSQI; Buysse et al. 1989).

Statistical Analyses

We selected nine sleep measures a priori as outcome
variables. These represent the domains of sleep continu-
ity, sleep state architecture, phasic REM, and delta EEG
activity and were selected because each has been found
to characterize depressive sleep disturbance in previous
investigations.

Descriptive statistics are presented as means with
standard deviations or medians with ranges, as appro-
priate. Group comparisons were performed using ¢-tests.
Repeated-measures analyses of variance (ANOVA) was
used to contrast sleep variables in nortriptyline- and
placebo-treated patients during the maintenance phase;
this analysis used one between-group factor and one
repeated measure with four time points (continuation
treatment with nortriptyline, and 1-, 6-, and 12-month
maintenance treatment after nortriptyline-placebo ran-
domization). Exploratory analyses for placebo compl-
eters and recurrences used group t-tests. The effects of
nortriptyline on sleep apnea and PLMs were assessed
using the Wilcoxon sign-rank test, a nonparametric
paired test of central tendency. Finally, we used Cox
proportional hazards models to identify significant
sleep and clinical covariates of time to recurrence dur-
ing maintenance treatment. The Wald x? was used as a
test of statistical significance in these analyses.
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Figure 1. Study outline. Clinical phases and sleep evaluation points are shown in parallel.

RESULTS

Effects of Nortriptyline versus Placebo during
Maintenance Treatment

For these analyses we contrasted the 21 patients who
remained well for 1 year during nortriptyline mainte-
nance therapy with the 10 patients who remained well
during placebo maintenance therapy. (This represents
the subgroup of patients who have completed sleep
studies at each time point and who have remained well
throughout the first year of maintenance tyerapy.)
Results of these analyses are summarized in Table 1 and
Figures 2—4.

Group Effects (Nortriptyline versus Placebo). Neither
subjective sleep quality measured by the PSQI nor EEG
sleep maintenance showed significant group differ-
ences over the 12 months of maintenance therapy. Sleep
architecture showed a significant and persistent reduc-
tion in REM sleep percent among the nortriptyline-
treated group (p < .04). REM density was significantly
elevated in this group (p < .0001). The groups did not
differ in total delta EEG counts, but the nortriptyline-
treated group showed some evidence for increased
delta counts early in the sleep period, as evidenced by a
higher delta sleep ratio (average number of delta counts
per minute in NREM 1 divided by average number of
delta counts per minute in NREM 2; p < .09). REM
latency did not differ between the two groups.

Time and Group X Time Interaction Effects. There was
an overall trend toward decreasing PSQI scores, that is,
improved sleep quality, over time. The group-by-time
interaction was not significant, indicating no difference
in the temporal trends of the nortriptyline and placebo
groups. None of the sleep EEG measures showed any
significant change over time. Furthermore, the nortrip-
tyline- and placebo-treated patients did not have differ-
ent time courses, as indicated by the absence of significant
group-by-time interactions for any sleep EEG measure.

Apnea and Periodic Limb Movements. To examine
sleep apnea and PLMs as a function of nortriptyline
treatment, we compared subjects at T; and T>. Of the
total sample, 53 subjects had complete apnea and PLM
data at Ty and T. Among this group the apnea-hypo-
pnea index decreased from a mean of 5.5 * 7.5 events
per hour at baseline (T}) to a mean of 3.3 + 5.0 events
per hour during continuation (T3) (Wilcoxon sign rank
test, p < .005); median values decreased from 2.3 to 1.4.
The total number of NREM apneas decreased from a
mean of 22.1 + 42.4 to 13.8 * 24.0 (Wilcoxon sign rank
test, p < .08), but the mean number of events during
REM sleep did not change significantly. In a similar way,
the apnea-hypopnea index during NREM decreased
significantly, from 5.6 * 8.9 to 2.7 + 5.2 (Wilcoxon sign
rank test, p < .05), but the apnea-hypopnea index dur-
ing REM did not change significantly (8.8 + 14.1to 7.1 £
8.5). For 38 patients with complete oximetry data, the
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Figure 2. Nortriptyline suppresses REM sleep acutely and
persistently. Nortriptyline and placebo-treated patients dif-
fered significantly (F = 5.14, p < .04). Data are shown as
means with standard error bars. @ Nortriptyline (n = 21) ®
placebo (n = 10)

mean minimum saturation was 82.2 * 8.2 at baseline
and 81.6 = 7.5 during continuation (NS). The PLM
arousal index was 10.2 = 14.6 at baseline and 10.5 =
13.1 during early nortriptyline continuation, and median
PLM arousal indices were 4 and 5.1. These differences
were not statistically significant.

As a further measure of nortriptyline effects on
apnea and PLMs over time, we compared 15 nortrip-
tyline patients with complete data at both continuation
(T2) and 12-month maintenance (Ts) with six placebo-
treated patients with complete data at the same time
points. We found no significant difference between groups
in the change of the apnea-hypopnea index, total events
during NREM or REM sleep, or periodic limb move-
ment arousal index.

Clinical and Sleep EEG Correlates of
Treatment OQutcome

Nortriptyline maintenance treatment was associated
with a significantly lower recurrence rate compared to
placebo (27% vs. 62%; x> = 8.56, p < .003). We examined
whether baseline (T1) clinical or sleep EEG baseline mea-
suges significantly influenced time to recurrence using a
Cox proportional hazards model stratifying on medica-
tion group (nortriptyline vs. placebo). This analysis
included 33 patients eventually randomized to nortrip-
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Figure 3. Nortriptyline increases REM density acutely and
persistently. REM density is defined as the amount of visu-
ally estimated REM phasic activity divided by total REM
sleep time. Nortriptyline and placebo-treated patients dif-
fered significantly (F = 21.40, p < .0001). @ Nortriptyline (n =
21) B Placebo (n = 10)

tyline and 39 patients eventually randomized to placebo
maintenance. An initial analysis with clinical measures
found no effect of sex, age, or educational status on
treatment outcome. A separate analysis used baseline
(T1) measures of sleep quality (PSQI global score), REM
density, and REM latency as continuous covariates, as
well as the presence or absence of IPT during mainte-
nance therapy as a dichotomous covariate. This analysis
included 25 patients subsequently randomized to nor-
triptyline, and 32 subsequently randomized to placebo.
Again we found no significant correlates. Finally, we
used the same four measures during early nortriptyline
continuation therapy (T,). For this analysis complete data
were available for 33 patients subsequently randomized
to NT and 37 patients subsequently randomized to pla-
cebo maintenance. PSQI global score, REM density, and
maintenance IPT were significant correlates of time to
recurrence (x% = 6.54, p < .02; x* = 4.29,p < .05;and X% =
4.05, p < .05, respectively). Patients with better subjec-
tive sleep quality and higher REM density at the contin-
uation assessment (T,) and who received maintenance
IPT were less likely to suffer recurrence during the first
year of maintenance therapy. Risk ratios were 0.491 for
IPT, 0.59 for REM density, and 1.150 for PSQI.

Acute changes in sleep with drug treatment may also
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Figure 4. Nortriptyline increases delta EEG counts early in
the night both acutely and persistently. Delta ratio is defined
as the number of EEG delta counts per minute in the first
NREM period divided by the number of EEG counts per
minute in the second NREM period. A higher number repre-
sents the more “normal” physiological state, with maximal
delta activity in the first NREM period. Nortriptyline and
placebo-treated patients showed a trend toward a group dif-
ference (F = 3.24, p < .09). @ Nortriptyline (n = 21) B Pla-
cebo (n = 10)

predict outcome. We examined the change in REM
latency from baseline (T1) to early nortriptyline treat-
ment (T7). Patients who suffered a recurrence during
the subsequent year had a greater REM latency than
those who remained well (t = 2.20, p < .03).

In the next analysis we contrasted a group of patients
who completed 1 year of maintenance treatment on pla-
cebo (n = 14) with those who had a recurrence during
maintenance treatment with placebo (n = 25). At the
baseline (T1) sleep evaluation we found no significant
differences among completers versus recurrences on
any of the sleep measures outlined in Table 1. We
repeated this analysis during early nortriptyline contin-
uation (T2) found that placebo-treated patients who
completed 1 year of maintenance therapy had a lower
T2 PSQI score, that is, better subjective sleep quality,
than those who subsequently had a recurrence (3.9 +
22vs. 72 *42;t= —3.05 p < .005).

We completed a similar analysis contrasting nortrip-
tyline-treated patients who completed 1 year of mainte-
nance pharmacotherapy (n = 24) with those who

Nortriptyline and EEG Sleep 249

suffered a recurrence (n = 9) during maintenance phar-
macotherapy. Completers had significantly higher T
REM density than subjects having recurrences (2.6 = 1.0
vs. 2.0 = 0.5; t = 2.21, p < .05) and significantly greater
T> automated REM counts (945 * 470 vs. 635 = 225; t =
251, p < .02) during early continuation therapy with
nortriptyline. The groups did not differ for the other
EEG sleep measures shown in Table 1.

Because PSQI scores were related to recurrence or
time to recurrence in several of the previous analyses,
we examined whether subjective sleep quality may
reflect depression severity or personality style. Among
the 69 patients randomized to nortriptyline or placebo,
PSQI scores at Ty correlated significantly with HRSD
scores (r = 0.49, p < .0001), but not with either the total
score or the eccentric, dramatic, or anxious subscales, or
the Personality Assessment Form (Shea et al. 1987).
However, when we entered Hamilton scores into the
Cox proportional hazards model with T» sleep variables
as above, HRSD scores were not significantly associated
with time to recurrence.

DISCUSSION

The acute effects of nortriptyline on EEG sleep persist
over the course of 1 year. Specifically, maintenance
nortriptyline treatment decreases REM percent and
increases REM density and shows a trend toward
increasing delta EEG activity in the first NREM period.
Nortriptyline has a mild salutary effect on sleep apnea
and did not increase PLMs. Better subjective sleep qual-
ity and greater phasic REM activity during continuation
treatment, as well as maintenance treatment with nor-
triptyline and IPT, all decreased the likelihood of recur-
rence over 1 year of maintenance treatment.

The results of this investigation largely, but not com-
pletely, parallel those reported by Kupfer et al. (1994) in
a sample of midlife depressed patients treated with imi-
pramine. In particular, neither found any significant
effects of antidepressants on sleep continuity and rela-
tively minor effects on sleep stage architecture. In con-
trast, REM sleep percent was diminished, REM phasic
activity increased, and delta ratio increased both acutely
and persistently. The similarities between our study
and that of Kupfer et al. demonstrate some generaliz-
ability for different specific tricyclic agents across
midlife and late-life depressed patient samples.

Our patients did not have clinically significant sleep
apnea or PLMs. Nevertheless, nortriptyline decreased
the number of apnea events, both acutely and during
maintenance treatment. Tricyclic and SSRI antidepres-
sants have previously been reported to decrease obstruc-
tive sleep apnea (Brownell et al. 1982; Hanzel et al.
1991). These studies have also found a beneficial effect
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of antidepressants during NREM apneas, suggesting
that changes in muscle tone, rather than a reduction in
REM sleep, are likely responsible for this effect.

Although antidepressant medications are often
assumed to worsen PLMs (Ware et al. 1984), we did not
find such an effect in our patients. In fact, there is little
evidence of any change in PLMs during nortriptyline
treatment. Alhtough it remains possible that patients
with increased PLMs during tricyclic therapy would
not respond to initial treatment and thereby not enter
these types of analyses, our previous study on the acute
effects of nortriptyline suggests that this is not the case
(Reynolds et al. 1991).

Our main measure of the longitudinal effects of
nortriptyline contrasted patients who remained well
on nortriptyline and those who remained well while
taking placebo during maintenance therapy. This type
of comparison may have biased against finding more
potent effects of nortriptyline on EEG sleep; the group
of patients who remained well on placebo might be
expected to have better sleep in general than other
patients. Furthermore, they may represent a “special”
group of survivors who do not require continued med-
ication. However, the absence of significant differ-
ences in baseline sleep EEG measures between placebo
completers and recurrences argues against this expla-
nation.

Low phasic REM activity was associated with recur-
rence, particularly among patients maintained on nor-
triptyline. This finding is compatible with Vogel’s
“REM pressure” hypothesis (Vogel et al. 1980). Specifi-
cally, patients who benefit most from a treatment that
suppresses the expression of REM sleep (e.g., REM dep-
rivation, REM-suppressing drugs) are those who show
the greatest “REM pressure.” In this case REM pressure
is expressed through phasic REM activity.

In contrast to earlier reports (Kupfer et al. 1990,
1993), we did not find that either total delta EEG activity
or the temporal pattern of delta activity (reflected by
delta ratio) were associated with recurrence of depres-
sion or time to recurrence. However, our patients have
been followed for only 1 year, compared to the 3-year
follow-up in Kupfer’s study. This difference is impor-
tant, because the median time to recurrence of the
Kupfer subgroups was 40 to 100 weeks. Results of the
current study, together with Kupfer’s findings on recur-
rence and previous data suggesting an association
between acute REM suppression and acute treatment
response (Kupfer et al. 1981; Reynolds et al. 1991); raise
the following hypothesis—that acute treatment response
and early recurrence relate to tonic and phasic REM, but
that longer-term recurrence relates more to EEG delta
activity.

In neurobiological terms, both increased REM and
reduced delta activity can result from increased cholin-
ergic activation relative to monoaminergic and GABA
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ergic activity in brainstem nuclei and in thalamo-corti-
cal projecting neurons (Steriade 1992). Augmentation of
REM sleep and phasic REM activity appear early in epi-
sodes of depression (Kupfer et al. 1988), whereas delta
activity and slow-wave sleep are more persistent char-
acteristics. Thus, a reduced delta may represent an
underlying vulnerability factor for depression resulting
from relative cholinergic overactivity. With further height-
ening of cholinergic activation during an episode of de-
pression, state-related REM changes may then appear.
One study of cholinergic REM induction supports the
hypothesis of greater cholinergic sensitivity during an
episode of depression compared to recovery (Riemann
and Berger 1989), although this finding has not been
consistent (Sitaram et al. 1982). Longitudinal studies of
cholinergic sensitivity using spectral analysis or period-
amplitude measures of delta EEG activity would be
more sensitive to subtle changes in slow-wave sleep.

A second potential explanation for the lack of associ-
ation between delta EEG activity and recurrence in the
present study is that delta EEG activity decreases dra-
matically with age among depressed patients (Reynolds
et al. 1990). Age-related changes result from decreased
delta-wave amplitude, rather than delta wave incidence
(Feinberg et al. 1984), but our detection algorithm is
sensitive to both aspects. Elderly depressed patients
may have insufficient delta activity over 75 pV for an
association with recurrence to be seen. It is conceivable
that higher-amplitude delta activity in particular is cor-
related with protection against recurrence.

Subjective sleep quality measured by the PSQI was
also associated with recurrence. We have previously
found that the PSQI changes significantly during acute
nortriptyline treatment, although it does not correlate
with acute changes in sleep EEG or HDRS scores (Reyn-
olds et al. 1991). In the current study PSQI changes cor-
related significantly with depression ratings. However,
depression ratings did not correlate with time to recur-
rence, suggesting an independent association between
sleep quality and recurrence. Among healthy elderly
subjects, “good” and “poor” sleep quality do not
appear to relate to objective EEG sleep measures or the
frequency of daytime napping (Buysse 1991). Thus,
subjective sleep quality appears to reflect a unique
dimension of subjective state, distinct from objective
sleep measures, with implications for long-term func-
tioning,.

Finally, we found that maintenance treatment with
nortriptyline and IPT were significantly associated with
a decreased likelihood of recurrence. This finding con-
firms previous reports by Kupfer et al. (1990) and Frank
et al. (1990, 1991) on the role of both medications and
IPT in preventing recurrences. Our findings also sup-
port the utility of examining both biological and non-
biological treatment variables in depression outcome
research.
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