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Summary: Twenty patients with difficulties initiating and maintaining sleep (DIMS) were monitored in their
homes for three consecutive nights using ambulatory polysomnography (PSG). Following each night of monitoring,
patients provided subjective ratings of sleep disturbance and tolerance of the PSG equipment. Friedman analyses
of variance performed on the objective and subjective parameters showed that the sample, as a whole, evidenced
no systematic first night effects (FNE) in response to monitoring. Inspection of the data from each individual subject,
nevertheless, showed that half of the sample did experience multiple FNE. Further, several scales from the Minnesota
Multiphasic Personality Inventory discriminated those patients who showed multiple FNE from those who did not.
However, far more striking was the finding that clinically and statistically significant intrasubject variability across
nights was observed for each sleep parameter measured. Given this finding, a single ambulatory PSG study may
not fully convey the nature of the sleep disturbance experienced by the DIMS patient even when FNE are absent.
We, thus, recommend multiple ambulatory sleep studies for those clinical and research situations in which it is
necessary to document patients’ night-to-night sleep variability. In contrast, when the goal of the PSG study is that
of determining a sleep diagnosis, a single ambulatory study, in combination with other clinical data, may be sufficient.
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Polysomnography (PSG) is a valuable tool for basic
sleep research and the clinical diagnosis of sleep dis-
orders. Nevertheless, abundant research has shown that
a single night of laboratory PSG may fail to provide
representative sleep data. First night effects (FNE) in-
cluding a delay in sleep onset, an increase in time awake
during the night, a reduction in total sleep time, an
increase in stage 1 sleep, and a delay in the onset of
the first rapid eye movement (REM) episode often con-
found the initial night of sleep monitoring (1-4). In
addition, various forms of sleep pathology may con-
tribute to such night-to-night sleep variability that
a single PSG study may not fully convey the nature of
a patient’s sleep disturbance (5-7). As a result, the
practice of conducting multiple PSG studies on each
subject/patient may be desirable in many research and
clinical settings.

However, the majority of available information
about FNE and sleep variability comes from the study
of subjects in the sleep laboratory. Whether multiple
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PSG studies are needed when individuals are moni-
tored in their homes is questionable. Although Sharp-
ley et al. (8) recently found no FNE and negligible
internight variability among young normal sleepers
studied in their homes with ambulatory PSG, similar
studies of patient groups have yet to be conducted. The
current investigation was conducted to evaluate FNE
and sleep variability shown by a mixed group of older
insomnia patients monitored in their homes with am-
bulatory PSG.

METHOD
Subjects

Twenty (8 males, 12 females) patients who com-
plained of difficulty initiating and maintaining sleep
(DIMS) served as subjects for this study. The sample
was composed of 1 45-year-old patient, 5 patients be-
tween 55 and 59 years of age, 13 patients between 60
and 69 years of age, and 1 72-year-old. The mean age
of these patients was 62.3 years, whereas the mean
duration of their insomnia complaints was 11.4 years
(range = 3-44 years).
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Apparatus

PSG was conducted using an Oxford Medilog 9000
(Oxford Medical, Inc., Clearwater, FL) monitor. This
is an ambulatory cassette recording device which in-
cludes an event marker, a digital timer, and the ca-
pacity for monitoring eight channels of electrophysi-
ological data. A previous study conducted in our
laboratory showed that the Medilog produces techni-
cally acceptable recordings with most patients and is
generally well tolerated (9). Other research has shown
that the Medilog and standard laboratory PSG produce
comparable estimates of sleep onset latency, wake time
after sleep onset, total sleep time, total sleep period,
sleep efficiency, sleep architecture, REM latency, and
REM density measures (10,11). Research has also
demonstrated the usefulness of the Medilog system in
the diagnostic evaluation of DIMS patients (11,12).

Procedure

Each patient participating in this study had volun-
teered to take part in one of two DIMS treatment stud-
ies being conducted at our sleep laboratory. The PSG
and other diagnostic information obtained in the cur-
rent investigation were, in fact, used in identifying pa-
tients with periodic leg movements in sleep or psy-
chophysiological DIMS for these treatment
investigations. Prior to undergoing sleep monitoring
all patients completed a sleep history questionnaire
and a clinical interview. These screening procedures
provided diagnostic information and were used to
identify patients who routinely used alcohol or sedative
hypnotics to aid their sleep. Patients using such agents
were required to abstain from their use for a minimum
of 2 weeks prior to undergoing PSG. In addition to the
other screening procedures, 18 of the 20 subjects com-
pleted the Minnesota Multiphasic Personality Inven-
tory (MMPI) prior to their sleep studies. MMPI results
were used primarily to screen subjects for possible mood
disturbance or thought disorder.

To evaluate FNE, each patient underwent three con-
secutive nights of ambulatory PSG monitoring. The
sleep monitoring montage consisted of two electro-
encephalogram (EEG) channels (C,—A,, Oz—Cz), bi-
lateral electrooculogram (EOG) (left eye—A,, right
eye—A)), submental chin electromyogram (EMG), two
channels of anterior tibialis EMG (right and left leg),
and nasal-oral respiration (thermistor). Patients re-
ported to the sleep laboratory where electrodes (except
respiration thermistor) were attached each day be-
tween 12:30 and 4:30 p.m., but they slept in their own
homes each night during the study. Because the nasal—-
oral thermistor is worn on a headstrap, patients were
allowed to put this device on themselves just prior to
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retiring each evening. Patients were instructed to re-
frain from daytime napping prior to each night of mon-
itoring. Also, patients were encouraged to engage in
their usual presleep behaviors and to adhere to their
usual bedtimes and arising times on each study night.
Each morning following a night of monitoring patients
completed a standard sleep diary (described below) and
then returned the PSG equipment to the sleep labo-
ratory.

The sleep diaries required each subject to respond
to four Likert-style items designed to provide subjec-
tive estimates of sleep disturbance and reactions to the
monitoring equipment. Item 1 asked subjects to in-
dicate the difficulty they had falling asleep whereas
Item 2 required them to rate the difficulty they had
staying asleep. In responding to these items subjects
used a five-point scale with 1 = extremely difficult and
5 = very easy. Item 3 required subjects to rate the
overall quality or level of satisfaction with their sleep
using the scale 1 = very poor and 5 = excellent. The
final item asked subjects to rate the extent to which
the PSG equipment disturbed their sleep on a scale
with 1 = a very great deal and 5 = not at all.

An experienced polysomnographer (G.R.M.) scored
all taped PSG data directly on the screen of the Medilog
scanner using standard scoring procedures (13) and a
combination of visual and auditory data for stage as-
signment (14). Screen scoring was chosen for conve-
nience because a previous study conducted in our lab-
oratory demonstrated that this method produces results
comparable to those obtained from epoch-by-epoch
scoring of sleep records printed on paper (15). Because
our main scorer (G.R.M.) did not blindly score the
sleep data, a second accredited clinical polysomnog-
rapher (ACP) scorer (W.V.M.) blindly screen scored a
randomly selected subset (10%) of the 60 records pro-
duced by the subjects. Epoch-by-epoch comparisons
resulted in a highly acceptable interscorer agreement
rate of 82.2% (SD = 5.3%). Thus, scoring results were
regarded as reliable.

Following the check for scoring reliability, estimates
of total sleep time, sleep efficiency percent, percent
time awake after sleep onset, percentage of stage 1
sleep, percentage of stage 2 sleep, percentage of slow
wave sleep, REM percent, REM latency, latency to
stage 1 sleep, and latency to stage 2 sleep were derived
from each record. These PSG data were combined with
sleep history, interview, and MMPI findings to deter-
mine a primary sleep disorder diagnosis for each pa-
tient. Although not employed in subsequent across-
night comparisons, movement-arousal indices were
calculated when appropriate to assist in the diagnosis
of periodic leg movements in sleep. An experienced
sleep disorders clinician (J.D.E.) determined each pa-
tient’s sleep diagnosis using ASDC (Association of Sleep
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Disorders Centers) criteria (16). Consistent with Cole-
man’s (17) procedure, a diagnosis of periodic leg move-
ments in sleep was assigned to patients with a mean
movement-arousal index = 5 across nights. A diag-
nosis of DIMS resulting from a psychiatric disorder
was assigned when a patient met diagnostic criteria
(18) for a major psychiatric disorder and this disorder
was viewed as responsible for the DIMS. After patients
were assigned sleep diagnoses, a series of analyses were
conducted to evaluate FNE and the night-to-night vari-
ability observed for each sleep parameter.

RESULTS
Technical quality of recordings

All recordings were technically acceptable; no re-
cordings were lost due to technical failure. Minor tech-
nical problems were encountered on § of the 60 re-
cording nights. On four of the nights patients either
forgot to wear the respiration thermistor or respiration
data were lost due to the thermistor being out of place.
Data were lost on two nights from an EEG channel,
on one night from the chin EMG, and on another night
from one EOG channel. In each of these cases the
malfunction was caused by an electrode coming loose.
Only 1 of the 20 subjects had any data loss on more
than one recording night. This subject lost an EEG
channel each of the first two recording nights. Despite
these minor problems all nights were scoreable and
sufficient PSG data were available for the diagnosis of
each patient.

Diagnostic findings

All 20 patients met ASDC criteria for a DIMS. The
majority of patients were diagnosed as suffering from
periodic leg movements in sleep (PLMS) (n = 11) or
psychophysiological DIMS (P-DIMS) (n = 7). One of
the remaining patients displayed an alpha—delta sleep
pattern on PSG and was, thus, assigned a diagnosis of
DIMS with atypical polysomnographic features. The
final patient met criteria (18) for a major depressive
disorder and was assigned a sleep diagnosis of DIMS
resulting from a psychiatric disorder.

Evaluation of FNE

Prior to evaluating FNE, the statistical independence
of objective sleep parameters and sleep diary ratings
was tested by computing correlations between selected
objective and subjective measures. On average, sub-
jects’ ratings of their sleep onset difficulties correlated
—0.457 (p < 0.05) with stage 1 sleep latency and —0.542
(p < 0.01) with stage 2 sleep latency across the three
PSG nights. The average correlation between subjects’

ratings of their difficulties staying asleep and the per-
centage of wake time after sleep onset was only —0.338
(p > 0.05). These correlations were all modest and
indicated that only a small portion (<30%) of the vari-
ance seen in these objective parameters could be pre-
dicted from the subjective ratings. Thus, evaluation of
FNE shown by both objective and subjective sleep
parameters appeared warranted.

Table 1 shows the means and standard deviations
for the 10 objective and 4 sleep diary parameters. In-
spection of these data shows that the internight vari-
ations in mean values for most parameters were rather
small relative to their respective variances. FNE were
tested by comparing values of the various parameters
obtained on the first PSG night with values of these
parameters obtained on subsequent nights. Because
these data were not normally distributed and substan-
tial intersubject variability was noted, Freidman’s non-
parametric analysis of variance by ranks was used in
these comparisons. Results of these comparisons in-
dicated no significant differences between nights for
any of the sleep parameters. Hence, when considered
as a group, our subjects showed no systematic FNE.

Despite these results, it was recognized that some
subjects may have evidenced FNE, whereas the group
as a whole did not. To explore this possibility a number
of common markers of FNE were selected to identify
subjects with a relative disruption of their sleep on the
first PSG night. Each of the following findings was
regarded as a FNE:

1) Total sleep time was the lowest on the first of these
PSG nights.

2) The lowest sleep efficiency percentage was observed
on the first night.

3) Percent wake time after sleep onset was highest on
night 1.

4) Stage 1 percentage was highest on night 1.

S) Stage 1 latency was longest on night 1.

6) Stage 2 latency was longest on night 1.

7) REM latency was longest on night 1.

8) The subjective sleep disturbance resulting from PSG
monitoring was greatest on night 1 (sleep diary item
4).

A frequency count showed that 50% (n = 10) of the
sample evidenced four or more of these markers,
whereas the remaining subjects showed two or fewer
such FNE. The subgroup showing four or more FNE
was composed of three subjects with P-DIMS, six sub-
jects with PLMS, and one depressed patient. The other
subgroup was composed of four subjects with P-DIMS,
five with PLMS, and one with alpha—delta sleep. A
statistical comparison of the proportions of P-DIMS
and PLMS subjects in each subgroup was nonsignifi-
cant (Fisher exact, > 0.30). However, t-test compar-
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TABLE 1. Means and standard deviations for the objective and subjective sleep parameters from the three consecutive
recording nights

Night 1 Night 2 Night 3

Parameter Mean SD Mean SD Mean SD
Total sleep time (min) 346.0 82.0 373.8 54.3 352.1 35.0
Sleep efficiency (%) 73.7 15.5 81.1 7.0 78.2 10.4
Wake time after sleep onset (%) 18.8 9.1 16.0 7.3 16.5 10.1
Stage 1 (%) 7.3 6.6 53 33 5.5 4.5
Stage 2 (%) 58.3 11.0 59.6 85 56.7 9.2
Slow-wave sleep (%) 9.8 6.2 11.5 8.1 10.6 7.1
REM sleep (%) 24.7 6.8 23.1 5.4 26.9 7.3
Latency to stage 1 (min) 18.6 36.3 10.7 8.2 16.2 12.9
Latency to stage 2 (min) 43.4 65.5 19.2 26.2 30.8 39.0
REM latency (min)* 63.5 44.4 443 28.6 42.4 25.3
Sleep onset difficulty rating? 34 14 3.3 1.2 2.8 1.3
Sleep maintenance difficulty rating® 2.3 1.1 2.7 1.0 2.6 1.1
Sleep quality ratinge 2.6 1.1 2.9 1.1 2.7 1.1
PSG disturbance rating? 3.6 09 3.8 0.7 3.6 1.0

¢« REM latency was defined as the time between the beginning of the first 10 min of stage 2 sleep (which was interrupted by no more
than 2 min of stages | or W) and the first 3-min period of REM (subtracting out intervening time awake). This conservative definition
and the mean age of the sample likely contributed to the relatively short REM latencies reported.

5 Ratings of 1 = extremely difficult and 5 = very easy.
< Ratings of 1 = very poor and 5 = excellent.
4 Ratings of 1 = a very great deal and 5 = not at all.

isons of MMPI scores from the nine subjects within
each subgroup who had completed a pre-PSG MMPI
showed a number of statistical differences. Subjects
with few or no FNE scored significantly (p < 0.05)
higher on scales F (52.6T vs. 50.3T), K (58.6T vs.
54.7T), and 6—paranoia (59.4T vs. 56.7T) than did
subjects with multiple FNE. In contrast, subjects with
multiple FNE scored significantly higher on scales 7—
psychasthenia (59.9T vs. 53.6T) and O—social intro-
version (57.4T vs. 53.2T) than did subjects showing
few FNE. Thus, personality factors appeared to play a
role in the occurrence of FNE.

Evaluation of intrasubject variability

Intrasubject variability was evaluated by computing
the difference between the highest and lowest value of

TABLE 2. Means, ranges, and t values for the intrasubject
comparisons of the highest and lowest values observed for each
sleep parameter across nights

Parameter Mean Range I

Total sleep time (min) 97.5 15-182.3  8.90%**
Sleep efficiency (%) 15.3 1.6-38.9 6.68%¥*
Wake time after sleep onset (%) 11.2 1.4-21.7  10.64***
Stage 1 (%) 39 04-17.3 4,94*%*
Stage 2 (%) 11.2 3.2-26.2 7.89%**
Slow-wave sleep (%) 8.8 1.3-17.3 7.91%**
REM sleep (%) 9.5 0.4-275 6.79%4*
Latency to stage 1 (min) 22.2 0.3-133.5 2.81*
Latency to stage 2 (min) 40.3 3.0-219.5 3.24%
REM latency (min) 43.2 4.7-175.7  4.47%**
Sleep onset difficulty rating 1.5 0-4.0 6.32%%*
Sleep maintenance difficulty rating 1.0 0-3.0 4, 88*%*
Sleep quality rating 1.2 0-2.0 6.62%**
PSG disturbance rating 0.9 0-3.0 5.36%%*

a*p < 0.05; **p < 0.01; ***p < 0.001.
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each sleep parameter observed for each subject across
nights. Mean intrasubject differences for each sleep pa-
rameter were then computed and ¢ tests for paired
observations were used to test the significance of these
mean intrasubject differences. Table 2 shows the mean
intrasubject differences observed for each parameter,
the ranges of these intrasubject differences, and the
t-test results. Inspection of this table shows that con-
siderable intrasubject variability was observed for each
sleep parameter across nights, Further, the mean in-
trasubject difference (high vs. low value) observed for
each parameter was significantly greater than zero.
Hence, our sample, as a whole, displayed significant
night-to-night variability in both their objective and
subjective sleep measures.

DISCUSSION

This investigation was undertaken, in part, to eval-
uate FNE shown by a mixed group of older DIMS
patients studied in their homes with ambulatory PSG.
Consistent with the results of Sharpley et al. (8), our
patient group showed no systematic FNE. However,
inspection of sleep data from each individual patient
showed that half of our sample did evidence multiple
signs of sleep disruption on the first PSG night. MMPI
scores suggested these patients were more anxious
(higher scale 7—psychasthenia scores) and withdrawn
(higher scale 0—social introversion scores) and were
less externally vigilant (lower scale 6 —paranoia scores),
less willing to report psychological symptoms (lower
scale F scores), and less psychologically defended (low-
er K scores) than were those with few FNE. Our results,
in conjunction with those reported by Sharpley et al.,
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suggest that ambulatory PSG may be an effective means
of reducing adaptation effects in certain patient and
normal sleeper subgroups. Nevertheless, our findings
also suggest that many DIMS patients may manifest
FNE even when studied at home with ambulatory
monitors. Given the relationship between MMPI scores
and FNE observed herein, further empirical investi-
gation of personality factors that contribute to these
adaptation effects seems warranted.

In addition to evaluating FNE, this study was con-
ducted to examine the night-to-night sleep variability
shown by our patient sample. Our analyses showed
statistically and clinically significant intrasubject vari-
ability across nights for each sleep parameter we mea-
sured. This finding is particularly striking when it is
considered that the night-to-night sleep variability ob-
served occurred in the patients’ usual home sleep en-
vironments.

This degree of variability within subjects differs
markedly from the night-to-night consistency found
by Sharpley et al. (8) among young, normal sleepers.
The variability we found is likely, in part, attributable
to the ages of our subjects. Whether similar results
would be found among a group of young DIMS patients
is questionable. However, the variability shown by our
subjects is very similar to that found by Coates et al.
(19) within a diverse (age range = 23-60 years) sample
of sleep-maintenance insomniacs studied at home with
telediagnostic methodology. Both the Coates et al. find-
ings and ours suggest that night-to-night variability in
sleep may be at least as important to consider in eval-
uating DIMS patients as are FNE. In this regard Hauri
(5) has recently concluded that night-to-night vari-
ability, perhaps more than other indices, discriminates
DIMS patients from normal sleepers.

In view of this variability, a single night of ambu-
latory PSG may not provide representative sleep data
even if no FNE are observed. The appropriateness of
a single night of ambulatory monitoring would seem
to depend on the purpose of the PSG study. In those
clinical and research situations where it is necessary to
document the night-to-night variability in a patient’s
sleep pattern, multiple PSG studies would be required.
Documenting the effects of a treatment regimen, for
example, might best be accomplished through multiple
PSG studies performed both before and after treat-
ment. Also, when unexpected environmental/situa-
tional factors interfere with sleep on the first PSG night,
a second night may be needed. In contrast, our expe-
rience with over 200 DIMS outpatients suggests that
a single night of ambulatory PSG, when combined with
other clinical data, usually is sufficient for diagnostic
purposes. In the current sample, those PSG findings
that contributed to each patient’s sleep diagnosis were

apparent on the first night and each subsequent night
of monitoring. Thus, a single ambulatory study would
seem sufficient for the diagnosis of most DIMS pa-
tients. However, as we have noted previously (12), one
or more nights of ambulatory PSG may be less satis-
factory than laboratory PSG for the evaluation of ap-
nea patients who present with DIMS complaints.
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