Br J clin Pharmac 1994; 37: 539-543

Effects of zolpidem on sleep architecture, night time
ventilation, daytime vigilance and performance in
heavy snorers
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1 In a double-blind, crossover, placebo controlled trial, zolpidem 10 mg, a new
imidazopyridine hypnotic drug, was administered in a single dose to 10 healthy
non-obese heavy snorers.

2 Nocturnal polysomnography showed that zolpidem increased total sleep time,
sleep efficiency and the percentage of stage 2.

3 Respiratory monitoring showed that zolpidem did not modify the percentage of
total sleep time spent snoring. The percentages of total sleep time with a Sa0O, <
4% of the baseline value and with a SaO, < 90% and the mean SaO, were also
unchanged with zolpidem. The respiratory disturbance index was modestly
increased by zolpidem although in all but one subject it remained < 5 with both
treatments.

4 Zolpidem intake did not impair daytime vigilance and performance evaluated the
day after.
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Introduction

Heavy snoring affects 19% of the general population:
24.1% of men and 13.8% of women [1]. Insomnia is a
common problem; in a recent survey, 6.2% of a repre-
sentative sample of the French population were taking
hypnotics on a regular basis [2]. In addition, snorers
frequently complain of disturbed nocturnal sleep with
sleep fragmentation. Consequently, they are often sleepy
during the day [3] and may be prescribed hypnotics to
reduce their complaints.

Benzodiazepines, especially those with long acting
effects are known to depress the central control of
ventilation [4, 5] and have a myorelaxant effect: this
may favour upper airway collapse in a snoring popula-
tion whose upper airway resistance is already increased
[6].

Zolpidem is a new imidazopyridine hypnotic which
has been shown to be an effective sleep inducer [7-10].
It binds selectively at omega 1 (BZD 1) receptors and
has specific hypnotic properties [11]. Zolpidem has less
myorelaxant action than benzodiazepines [12-14]. It
may thus be less likely to induce sleep related ventila-

tory disturbances (apnoeas, hypopnoeas and oxygen
desaturations) than benzodiazepines in a snoring popu-
lation.

The aim of the present study was to document the
effects of a single dose of zolpidem 10 mg in compari-
son with placebo on nocturnal ventilation and daytime
vigilance in heavy, non-obese, heavy snorers.

Methods

The study was performed under double-blind conditions
according to a crossover design. The protocol had been
approved by the Necker-Enfants Malades Hospital
Ethics Committee. Healthy male snorers aged 35-50
years, with a body mass index (BMI= weight in
kg/body surface in cm?) < 28 [15] gave their written
informed consent for the study. Subjects were consid-
ered as healthy following a normal physical examina-
tion, laboratory tests (creatinine, glucose, SGOT, SGPT,
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GGT), ECG and normal vital capacity and FEV /FVC
on spirometry.

Heavy snorers were defined as following: (1) to snore
every night, but not necessarily throughout the night, (2)
to snore loudly or very loudly, the noise being heard
from other rooms and disturbing their bed-partners, (3)
no history of apnoeas.

Patients were excluded if they had any history of cur-
rent medical illness, serious psychiatric antecedents,
current insomnia or abnormal scores on the SCL 90 R
questionnaire [16]. All subjects taking medications
known to affect sleep or vigilance were also excluded.
In addition, they were required to drink habitually four
or less caffeinated drinks per day and not to have a his-
tory of heavy alcohol intake. Drinks containing alcohol
or caffeine were prohibited during the day of perfor-
mance tests.

Nocturnal polysomnography was carried out in the
standard way with electroencephalogram (C4-Al, Ol-
A2), electrooculogram (ROC-A1l, LOC-A2) and elec-
tromyogram (submental). Nasal and buccal airflow were
measured using thermistors and respiratory movements
with abdominal and thoracic strain gauges. Oximetry
was carried out using a Biox 3 (Ohmeda) oximeter.
Duration of snoring was measured using an interphone
connecting the subject’s room to the technical control
room. A diagnostic nocturnal polysomnographic study
was carried out 1 week before the main study in order to
exclude sleep pathology and to help subjects adapt to
the procedures.

All sleep recordings were examined by one indepen-
dent analyst. Sleep architecture was scored according to
the criteria of Rechtschaffen & Kales [17]. Cessation
of airflow for 10 s or more was scored as an apnoea. If
abdominal and thoracic movements continued it was
called obstructive. If all movements ceased it was
categorised as being central. Hypopnoeas (reduction in
airflow of at least 50% for at least 10 s) were only taken
into account if there was an associated drop in SaO, of
at least 4% of baseline. The number of apnoeas and
hypopnoeas per hour of sleep was calculated (respira-
tory disturbance index: RDI). The RDI is considered
abnormal when it is greater than 10 [18, 19].

The multiple sleep latency test (MSLT), a standard-
ized method used in the assessment of daytime sleepi-
ness [20], was carried out after the night-time
polysomnography. The MSLT consists of five con-
secutive tests starting 2 h after awakening and is done at
2 hourly-intervals throughout the day. This test evalu-
ates the propensity to fall asleep. In addition, three
performance tests were realized just before each sleep
latency test. The performance tests were the following:

— Critical flicker fusion (CCF) [21]. The threshold was
determined using the psychophysiological method of
limits, on ascending and descending scales. It was
measured in hertz and the response taken into account
was the average of 6 stimulus presentations.

— Choice reaction time (CRT) [22]. During this test, the
subjects were required to extinguish 1 of 6 stimulus
lights, illuminated at random, by touching the appro-
priate button. The CRT response measure was the
mean latency of response to 20 stimulus presentations
in milliseconds.

— Digit symbol substitution test (DSST) [23]. The sub-
jects were asked to complete as many substitutions as
possible in a 90 s period. The number correctly per-
formed gave the measure taken. Different grills were
given for each performance test battery_ to avoid a
practice effect.

The two treatment nights were separated by an inter-
val of 1 week. Medication (zolpidem or placebo) was
administered at 22.45 h; sleep recordings were started at
23.00 h and terminated at 7.00 h. Every treatment night
was followed by MSLT and performance tests through-
out the day.

The Wilcoxon non-parametric test was used for
comparisons between the two treatments and the two
nights (night 1 and night 2).

Results

Ten patients aged between 33-51 (mean 42) years took
part in the study. Their BMI was between 24-28 (mean
26.5). All patients completed the study.

Table 1 shows the sleep architecture data for the two
treatment nights. The sleep continuity was significantly
improved with zolpidem: total sleep time was longer
(P < 0.02), wake after sleep onset was shorter (P <
0.02) and sleep efficiency index (total sleep time/total
sleep period) was higher (P < 0.01). The time and the
percentage of total sleep time spent in stage 2 was
significantly greater on the zolpidem night (P < 0.01).
No significant differences were found, in relation to the
other sleep architecture parameters. The comparison
between the sleep architecture variables on night 1 and

Table 1 Effects of treatments on various sleep measures, on
percentages of total sleep time occupied by sleep stages over
the whole night, and on respiratory variables (mean * s.d. for
10 heavy snorers)

Measure Zolpidem 10 mg Placebo
Total sleep time (min) 434.0 £ 36.0*  379.0 £ 70.5
Sleep latency (min) 9.5+8.0 12.5+16.0
Number of awakenings 45%35 7.5+4.0
Wake after sleep onset (min) 34.5 £ 23* 91.5+58.5
Sleep efficiency index 90.5 £ 5.5%* 78.5+14.0
Stage 1 240+ 12.0 25.0 £ 14.0
Stage 2 44.0 + 8.0%* 38.0+9.0
Stages 3 + 4 13.5+8.5 16.5+5.5
REM 185+5.5 20.5+ 8.0
Respiratory disturbance index 3.0 £ 3.0% 1.5%+1.5
Minimum value of SaO, 86.5 £ 3.5% 88.5+3.0
Percentage of total sleep time 1.5£25 0.5+0.5

spent with Sa0O, < 90%
Percentage of total sleep time 1.5£2.5 0.0+0.0

spent with SaO, < 4% of base

line value
Mean SaO, 94+1.5 945+ 1.0
Percentage of total sleep time 35,0+ 140 24.0+14.0

spent snoring

Significance levels: *P < 0.002; **P < 0.001.
*Sleep efficiency index: total sleep time/time in bed.
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night 2 indicated that the order of the treatment admini-
stration did not play a role.

Table 1 also shows the respiratory variables for the
two treatment nights. A significant difference was found
between the two treatments in relation to the number of
apnoeas and hypopnoeas per sleep hour (P < 0.02). The
mean RDI was 3.0 £+ 3.0 (range: 0.5-10) for zolpidem
and 1.5 £ 1.5 (range: 0-3) for placebo. The RDI did not
exceed 5 on the zolpidem night, except for one subject
with an RDI of 10 (3 on the placebo night). The mini-
mum value for SaO, was significantly lower after
zolpidem. For all subjects the minimum value of SaO,
was 81% for the zolpidem night and 84% for the
placebo night. With zolpidem, eight subjects had a mini-
mum Sa0, < 90% (range: 81-89) compared with seven
subjects with placebo (range: 84-89). Looking at Sa0,
in further detail we did not find any differences
between zolpidem and placebo for the percentage of
TST spent with a SaO, < 90% or with a SaO, < 4% of
baseline value (mean SaO, value after 20 min, the
patient being awake and in a supine position). The mean
Sa0, value was also similar on both nights. The
percentage of TST spent snoring did not differ signifi-
cantly between zolpidem and placebo.

Table 2 shows the mean sleep latency values in the
MSLT. They were lower with both treatments than those
expected in a normal population [20]. Sleep latency val-
ues after zolpidem (9.8 + 5 min, range: 3.5-17.5) did

Table 2 Daytime vigilance evaluations at different hours of
the day after zolpidem 10 mg or placebo medications adminis-
tered at bedtime (mean * s.d. for 10 heavy snorers)

Zolpidem Placebo
Multiple sleep latency test (min)
09.30 h 11.5+7.0 125+ 7.0
11.30 h 100+ 5.5 10.0 £ 6.0
13.30h 8.0+5.0 85+5.0
15.30 h 85+5.0 7.5+50
17.30 h 11.0+ 7.0 11.0+7.0
Mean 9.5+55 10.0+5.0
Critical flicker fusion test (Hz)
07.00 h 30.0+2.5 30.0+£3.0
09.00 h 29.5+3.0 295+25
11.00 h 30.5+2.5 30.5+2.0
13.00 h 30.5 + 3.0% 29.5+25
15.00 h 30.5+3.0 30.0+£3.0
17.00 h 30.5+3.0 30.0+ 3.0
Choice reaction time (ms)
07.00 h 631.0 £ 68.0 628.5+54.5
09.00 h 618.0 £ 65.5 615.0 £ 66.0
11.00 h 621.0 + 82.0 589.5+75.0
13.00 h 644.5 £ 93.5 642.5 +£91.0
15.00 h 596.5 £ 75.5 594.0 + 83.0
17.00 h 618.5+106.0 583.0+87.5
Digital symbol substitution test
07.00 h 53.0 £ 10.5 56.0+9.5
09.00 h 57.5+12.0 56.0+11.5
11.00 h 57.5+11.5 58.5+13.5
13.00 h 59.5+9.5 58.0 £ 10.0
15.00 h 60.5+11.5 56.5 +£10.0
17.00 h 58.5+11.0 60.5 + 10.5

Significance level: *P = 0.007.

not differ from those after placebo (10.0 * 5.0 min,
range: 32.0-17.5). As expected, a diurnal variation
occurred in both groups. The lowest point on the
zolpidem day was at 13.00 h and at 15.00 h for the
placebo.

Table 2 also shows the data of the performance tests.
They also confirmed a lack of hangover effect with little
difference between the two treatments. The CCF values
were similar on both occasions except at 13.00 h where
it was significantly higher with zolpidem (the subjects
were more alert: 29.5 + 2.5 vs 30.5 £ 3.5, P = 0.007).
An obvious diurnal variation was not found on either
day. The CRT and DSST results showed no significant
differences between zolpidem and placebo. On both
treatments a slower reaction time in CRT was noted at
13.00 h and no obvious fluctuations in DSST were seen
throughout the day.

Discussion

Recent epidemiological data suggest a close association
between heavy snoring and cardiovascular disorders [1,
24-27]. The sustained systemic hypertension in heavy
snorers may be related to the repeated inspiratory efforts
against a closed or partially closed airway [1] and/or to
the repeated episodes of hypoxia. Snoring results from
a narrowing of the upper airway, which increases the
turbulence of the incoming air on inspiration, causing a
noisy vibration of the soft tissues of the pharynx.
Normally, on inspiration, the pharynx remains open
because of the action of the airway opening muscles
[28, 29]. However, alcohol intake, sleep deprivation and
some medications, such as CNS depressants and myo-
relaxants, may produce greater degrees of airway
obstruction resulting in a sleep apnoea syndrome [30].
In this way, hypnotic drugs may worsen or induce sleep
apnoea [4], and their use may be associated with an
increased mortality in the elderly [31]. As hypnotics are
widely prescribed to the general population of whom
20% are snorers, it is important that these drugs have as
little effect on respiration as possible.

This study shows that in heavy snorers, zolpidem 10
mg has a hypnotic action when compared with placebo.
With zolpidem, we observed a significant increase in
total sleep time ‘and sleep efficiency, and a decrease in
wake after sleep onset. Furthermore, slow wave sleep
and REM sleep were not decreased by zolpidem. These
results, using a single dose of zolpidem 10 mg, are
comparable with the results of Cirignotta et al. [32] with
a single dose of zolpidem 20 mg in middle aged sleep
apnoea patients.

In the present study, except for one subject whose
RDI was almost pathological with zolpidem (i.e. RDI =
10), all subjects’ RDI were far from being abnormal
with zolpidem (RDI < 5); the different indices of SaO,
desaturation, except for the minimum SaO, and the time
of snoring, were slightly but not statistically
significantly higher with zolpidem for both nights. How-
ever, we consider that the % TST spent with SaO, <
90% and < 4% baseline are better measures of desatura-
tion than the minimum value which may represent only
a few seconds during a whole night. No studies have
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reported the effect of other hypnotics in non-apnoeic
snorers, a population at risk for sleep apnoea syndrome.
Dolly & Block [4] reported that the ingestion of a single
30 mg tablet of flurazepam by asymptomatic volunteers
caused an increase in frequency of apnoea and oxygen
desaturation during sleep, but they questioned the clini-
cal relevance of these findings. Theoretically a hypnotic
drug may cause respiratory problems during sleep either
because of its myorelaxant effect and/or by depressing
the respiratory centre. Zolpidem has little myorelaxant
effect [33]. In addition, it seems that zolpidem has no
respiratory depressing properties. A study was carried
out in awake patients with severe COPD looking at the
effect of various hypnotics, including zolpidem, triazo-
lam and flunitrazepam on respiratory centre function.
The results demonstrated that neither zolpidem nor tria-
zolam had any significant effects on arterial blood gases
or control of breathing in contrast to flunitrazepam [5].
A study monitoring respiration with a simple induct-
ance plethysmograph and oximetry was carried out in a
group of 10 elderly female patients recovering from hip
and knee replacement surgery, to evaluate the respira-
tory effects of zolpidem 10 mg taken over 4 nights [34].
The elderly are known to be a population with a higher
risk of sleep related respiratory disturbances [35, 36].
The incidence of sleep related respiratory disturbances
was not significantly increased compared with placebo
on any night. However, on the zolpidem night the fre-
quency of obstructive apnoeas leading to O, desatura-
tions of < 90% was significantly greater on the first
treatment night than on the last. This is similar to the
findings of Kurtz et al. [37] who found a significant
increase in the number of apnoeas in an elderly popula-
tion after they took a single dose of zolpidem 10 mg for
the first time; but apparently the number of apnoeas
decreased after repeated intake. Cirignotta er al. [32]
reported in middle aged sleep apnoea patients, a non-
significant increase in the RDI after zolpidem 20 mg in
comparison with placebo; nevertheless they observed on
zolpidem a significant reduction in both the minimum
level of SaO, during the apnoeas and hypopnoeas and
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