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CLINICAL RESEARCH

Do asthmatics suffer bronchoconstriction during rapid eye
movement sleep?

C M SHAPIRO, J R CATTERALL, I MONTGOMERY, G M RAAB, N J DOUGLAS

Abstract

Many patients with asthma are troubled by nocturnal wheeze.
The cause of this symptom is unknown, but sleep is an important
factor. A study was carried out to determine whether nocturnal
bronchoconstriction is related to any specific stage of sleep.
Eight asthmatics with nocturnal wheeze and eight control
subjects performed forced expiratory manoeuvres immediately
after being woken from rapid eye movement (REM) or non-REM
sleep, wakings being timed to differentiate temporal effects from
those related to the stage of sleep. The control subjects showed
no significant temporal bronchoconstriction or bronchoconstric-
tion related to the stage of sleep. All patients showed broncho-
constriction overnight, the mean peak expiratory flow rate falling
from 410 (SEM 50) I/min before sleep to 186 (49) I/min after sleep.
After the patients had been woken from REM sleep the forced
expiratory volume in one second was on average 300 ml lower
(p<0-02) and peak expiratory flow rate 45 I/min lower (p<003)
than after they had been woken from non-REM sleep. As
wakenings from REM sleep were 21 (8) minutes later in the night
than those from non-REM sleep multivariate analysis was
performed to differentiate temporal effects from those related to
the stage of sleep. This showed that the overnight decreases in
forced expiratory volume in one second and peak expiratory flow
rate were significantly related both to time and to REM sleep.
This study suggests that asthmatics may suffer broncho-

constriction during REM sleep.
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Introduction

Nocturnal wheeze is common in patients with asthma, and many
exhibit falls in forced expiratory flow rates overnight.' 2 Further-
more, deaths and respiratory arrests from asthma, though rare,
tend to occur at night." The mechanism of nocturnal broncho-
constriction is obscure 6: although circadian falls in circulating
corticosteroids and catecholamine concentrations may perhaps
be causative, these seem unlikely to be the only explanation
as treatment to raise nocturnal concentrations to or above
daytime concentrations does not abolish nocturnal broncho-
constriction.' '°a"
An alternative possibility is that bronchoconstriction may result

directly from sleep. Shift workers with nocturnal asthma find that
when they change shifts their bronchoconstriction occurs when they
are asleep rather than at night," " and sleep may be a prerequisite
for overnight bronchoconstriction in some asthmatics.'2 ''I Sleep
influences the respiratory system and can lead to obstruction of the
upper airway' and increased hypoxia in patients with hypoxic lung
disease.' '9 Studies of animals have suggested that the muscle tone
of the airway varies during rapid eye movement (REM) sleep20; we
therefore wondered whether in asthmatics, who have a notably
labile bronchomotor tone, the calibre of the airway might be altered
as a result of REM sleep. This study was designed to determine
whether there was any difference in airway calibre between REM
and non-REM sleep in adult asthmatics and to compare any such
difference with underlying circadian changes.

Subjects and methods
We studied eight patients with asthma (five men, three women; mean age

30 (range 15-54) years); all were within 15% of their ideal body weight.' All
had reversible airways obstruction with at least one normal value for forced
expiratory volume in one second within the past year. The lowest forced
expiratory volume in one second recorded in the year before the study
ranged from 0-8 to 2-9 litres and the highest from 2-8 to 3-9 litres. Seven
patients yielded positive results on skin prick tests to Demodex pteromyssimus
or grass pollens, or both. All complained of nocturnal wheeze and had
documented "morning dips" in peak expiratory flow rates. None had had an
acute attack of asthma for six weeks before the study. Two inhaled sodium
cromoglycate regularly and two took oral prednisolone (5 and 10 mg daily).
All inhaled P2 sympathetic agonists, but these were withheld for six hours
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before the study. Each patient was matched for age and sex with a healthy
subject with no history of respiratory disease, who was studied on the same
night.
Each subject slept for three non-consecutive nights in the sleep laboratory.

The first night was to acclimatise the subjects, and data from only the second
and third nights are reported. On each night the subjects were woken on
three occasions and immediately performed forced expiratory manoeuvres.
The timing of their wakenings was designed to differentiate temporal
changes in airway calibre from those related to stages of sleep. On night A the
patients were woken 10 minutes after the end of the first period ofREM sleep
and again 60 minutes later, before the start of the next REM period (fig 1).
On night B the patients were woken 60 minutes after the onset of sleep
(before the first period ofREM sleep) and five to seven minutes after the start

Nigt A

9>B

A A, A 5I 1
- Non- REM skeep
*OREM sleep

11pm 12 i 2larn.w3 4am - Ss 6am 7cm

FIG 1-Schematic diagram of times of wakening (arrows) on second and third
nights. Broken lines indicate second randomisation, in which wakenings from
REM and non-REM sleep were random.
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FIG 2-Peak expiratory flow rate and forced expiratory volume in one second in
postures indicated after patients were woken from REM and non-REM sleep.
Each line represents average of three time matched comparisons (five patients) or
two time matched awakenings (two). For all four measures p<005.
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of the second period. The order of night A and night B was randomised so
that half the patients did night A first and half night B. The third wakening
was from the first period ofREM sleep after 4 am on one night and the first
period of non-REM sleep after 4 am on the other night; the order of these
nights was randomised independently of the night Alnight B randomisation.
On both nights forced expiratory volume in one second, forced vital

capacity, and peak expiratory flow rate were also measured at 930 pm;
11 pm, just before lights out; immediately on the final awakening in the
morning; and one hour thereafter. On each of these occasions and after the
imposed wakenings the peak expiratory flow rate was measured first with the
subject supine, then forced expiratory volume in one second was measured
with the subject sitting on the bed, and finally both peak expiratory flow rate
and forced expiratory volume in one second were measured while the subject
was standing. All measurements were made in duplicate, except for the
standing forced expiratory volume in one second, which was measured in
triplicate, and on each occasion the highest value was taken.
Each subject slept in a quiet, darkened single room on each night of the

study. The electroencephalogram was recorded by two midline fronto-
parietal electrodes, the electro-oculogram by four electrodes above and
outside the outer canthi, and the electromyogram by two submental
electrodes. The stage of sleep was analysed by standard criteria.22
The subjects gave their informed consent, and the study was approved by

the hospital's ethical committee.
Results are expressed as means (SEM). Statistical analysis was by

Student's t test for paired comparisons. The Wilcoxon signed rank test was
used for the pooled information depicted in figure 2. A log transformation
was used for the time that the subjects took to fall back to sleep. All data
obtained when the patients were woken were analysed by multiple
regression methods to enable the effects of the stage of sleep and time to be
separated.23

Results

NORMAL SUBJECTS

In the eight normal subjects there was no bronchoconstriction overnight
(for example, the peak expiratory flow rate supine was 413 (SEM 38) I/min
before sleep and 400 (40) /min after sleep in the controls; in the asthmatic
patients the peak expiratory flow rate standing was 410 (50) 1/min before
sleep and 186 (49) I/min after sleep).
There was no difference in time matched REM and non-REM measures in

the normal subjects (for example, forced expiratory volume in one second
standing was 3 5 (0 36) litres and 3 5 (0 39) litres on waking from REM and
non-REM sleep respectively). The controls spent significantly more time in
stage 2 sleep (mean 234 minutes, range 190-282) than the patients (mean 201
(range 167-234) minutes; p<0O05). The controls showed more frequent
shifts into stage 3 sleep (on average 18-9 occasions a night) compared with
the patients (14-4 occasions a night; p<0 05).

ASTHMATICS SLEEP

The patients were more wakeful (81 (9) v 64 (6) min) on the acclimatisa-
tion night with less REM sleep (67 (7) v 87 (11) min) than on the subsequent
nights (p<0-01), but there was no difference in duration (3% (16) v 400
(13) min) or quality of sleep between the second and third nights. The
average times taken to fall back to sleep after wakenings from stage 2 and
REM sleep were similar (6 (2) min; n=80), but the times taken after
wakenings from stage 3 and stage 4 sleep were shorter (3 (1) min; n=8;
p<005). One patient, however, stayed awake after the second wakening on
night A and fell asleep only after using his bronchodilator. His subsequent
data from -that night were excluded from the analysis.

FORCED EXPIRATORY MANOEUVRES

Every patient experienced bronchoconstriction overnight. All measure-
ments of forced expiratory flow rates (peak expiratory flow rate both lying
and standing, forced expiratory volume in one second both sitting and
standing) decreased significantly more (range of p values 0-04-0-01) when
there had been intervening periods ofREM sleep (night B) than when there
had not (night A). For example, peak flow rates when the patients were
standing fell by 39 (9) I/min when no REM sleep had intervened but by 120
(33) 1min (p<0 02) when REM sleep had occurred. The intervals con-
taining REM sleep, however, were significantly longer (190 (26) min) than
the intervals without any REM sleep (61 (3) min). Thus this comparison
cannot fully distinguish effects of stages of sleep from those of time.
To examine predicted effects ofstages ofsleep rather than temporal effects

we compared the measurements of forced expiratory volume in one second
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and peak expiratory flow rate made after patients were woken from REM
sleep with those made within 70 minutes of the same time on a different night
when the patients were woken from non-REM sleep (time matched
measurements). When the two or three time matched measures for each
subject were averaged, all forced expiration after wakenings from REM
sleep was significantly lower (p<O-O5) than that after wakenings from non-
REM sleep (fig 2). The data obtained from this time matched comparison of
wakenings from REM and non-REA
(fig 3). The overall decrease in fo
overnight was much greater than th
in one second between REM and nc
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Effect of rapid eye movement sleep X
variables in the linear equation derived
Y=Pi-tS,-DREM+(t-2)SREM*

Pi
Y (mean (range))

PEFR:
Standing 362 (200-534) I/min I
Sitting 322 (162-454) I/min

FEVI:
Standing 2-72 (1-61-3-72)1
Sitting 2-58 (1 50-3-54)1

PEFR= peak expiratory flow rate.
FEV, =forced expiratory volume in one seci
*Y= FEV, (or PEFR) in each posture; Pi= F
the ith patient; t=time after midnight; S-=sl
ith patient; DREM=decrease in FEV, (or PE
effect ofREM sleep on FEV, or PEFR with

decline with time of night, however, this gave a significantly better fit for all
four expiratory manoeuvres (p<OO5). The effect ofREM sleep was greatest
early in the night and declined towards morning for all four measurements.

Discussion
A sleep were plotted against time of night This study suggests that nocturnal bronchoconstriction in adult
irced expiratorv volume in one second asthmatics may be associated with REM sleep but that it is also
Le difference in forced expiratory volume greatly affected by time. The data confirm that the circadian
)n-REM sleep. variation in the calibre of the airway is greater in asthmatics than in

normal subjects,' and indeed the changes in normal subjects are so
small that larger numbers are required to detect it.

It is difficult to distinguish the effects of electroencephalographic
stages of sleep on nocturnal events from those of circadian rhythm.
Studies of asthmatic shift workers have shown that overnight
bronchoconstriction is related to sleep time rather than clock
time. 12 1 Three studies have tried to determine the effects of sleep by

Non-REM keeping asthmatics awake at night, and each has suggested that
sleep is important in the pathogenesis of nocturnal asthma. 1414 15 The
current investigation extends these observations by establishing
that the REM (dreaming) stage of sleep may be associated with
bronchoconstriction.

jJ sPrevious studies have tried to assess whether bronchoconstriction
\.. %is4 "is related to stages of sleep by noting the sleep stage from which

asthmatics awoke with attacks. Despite an early suggestion that
/ " If they woke most often from REM sleep,4 it now seems that such
/ "a/ awakenings are not preferentially related to any stage of sleep but

REM T are distributed throughout the night in proportion to the time spent
in the various stages of sleep.25127 These data, however, must be
interpreted cautiously as asthmatic attacks were often loosely
defined, and it is not known whether the arousal threshold to
bronchoconstriction differs between REM and non-REM sleep.

2am 4am 6am 8am Most animal experiments,2' and those in man involving non-
respiratory stimuli,29 show that it is more difficult to arouse patients

in one second measured standing after from REM than stage 2 sleep, but two recent experiments have
leep at times indicated; values are means shown that arousal in patients with airway occlusion'" and with
m both night A and night B. Solid lines join hypercapnia"3 is more rapid from REM than non-REM sleep.

te twonseparaterandosinsatind eowhenddata Montplaisir et al noted that the most severe hypoxia and falls in
forced expiratory flow rates usually occur in the later hours of sleep,
coinciding with the time when most REM sleep occurs, but pointed
out that this does not prove any relation between bronchoconstric-

*om non-REM sleep occurred an average tion and the stage of sleep.2
minutes) earlier than those from REM The lower flow rates found after patients were woken from REM
tiate sleep effects from temporal effects. sleep might be explained by impaired function of expiratory
values do not use all the data collected to muscles during REM sleep, which is a stage characterised by
ition of time of night from those due to
by fitting a reghtfresonmodthose al the voluntary muscle hypotonia. The subjects were, however, fullydbyfittingaregressionmodeltoalthe awake when they performed the expiratory manoeuvres, withrodel was built up by including the most

normal submental electromyogram tone. Furthermore, the dif-
rate in each posture. In the final model ference in forced expiratory flow rates was seen in each of the four
f forced expiration the most important sequential types of forced expiratory flow manoeuvres, and thus
Taken over the whole night the effect of there was no evidence that the effect was transient after awakening.
ne of the respiratory measures (peak Other studies of the performance of voluntary tasks on wakening
but not significant (0 1>p>0 05) for the from different sleep stages suggest that the worst performance
t allowed the influence of REM sleep to occurs on wakening from stages 3 and 4 sleep, with no significant

difference between stage 2-from which most of the non-REM
awakenings were made-and REM sleep." Additionally, the

on bronchoconstrnction: fitted values of the normal controls would be expected to show such a performance
Ifrom all data from the eight as asthmatics, effect yet did not.

Thus we conclude that the significant effects of REM sleep in
asthmatics on forced expiratory manoeuvres reflect alterations in

Si the calibre of the airway. Asthmatics respond more than normal
(mean (range)) DREM SREM subjects to a wide variety of bronchoconstricting influences, and we

suggest that REM sleep is one such stimulus.
34 ( 2 to 50)L/mih 82 /min 19 [lmnn/h REM sleep could cause bronchoconstriction either by a direct on-13 (2-38) 11mm/h 74 I/min 211 numn/h off effect or by producing an effect that persists after the REM
011 (0-02-020) Lbh 0-461 0-12 1/h period has finished. The results from the modelling procedure and
0-10 (0-01-0-24) I/h 0391 0-10 1/h from the time matched comparison both suggest that REM sleep has

a direct effect, but whether it has a persisting effect on airway tone is
ond. unclear. We may have underestimated the effect of REM sleep in
'EVI (or PEFR)in non-REM sleep at midnightin this study as the decline overnight may partially result from an
opeofdecune in FEV (or PEFR) with time in the accumulative effect of periods of REM sleep throughout the night.IFR) due to REM sleep at 2 am; aREM= change win
itune. A decline in airway calibre, however, was also observed between the
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wakenings without intervening REM sleep, suggesting that there is
a time effect independent of the effect ofREM sleep.
Our suggestion that REM sleep causes bronchoconstriction

requires confirmation as we studied relatively few subjects and, by
waking them, necessarily interrupted the variable under study-
namely, REM sleep. The declining effect ofREM sleep later in the
night also requires confirmation as this was noted only in retrospect.
There have been no satisfactory measurements of bronchomotor

tone in sleeping asthmatics, perhaps because oesophageal intuba-
tion is required for conventional measurement, and patients with
nocturnal asthma sleep poorly anyway.2527 33 One study used a tape
recording of breath sounds to try to detect bronchoconstriction but
found no relation between REM sleep and bronchoconstriction in
asthmatic children.26 As ventilation is on average lower in REM
sleep,3 however, wheeze might even decrease in REM sleep despite
bronchoconstriction. Nevertheless, our data suggest that REM
sleep may be associated with bronchoconstriction.
The mechanism of bronchoconstriction in REM sleep requires

elucidation. In dogs the variability in bronchial smooth muscle tone
during REM sleep can be abolished by cooling the vagus nerve.-'
During sleep cardiac vagal tone is increased.35 It thus seems possible
that changes in airway vagal-tone related to sleep could lead to
bronchoconstriction related to REM sleep and nocturnal asthma,
suggesting that inhaled anticholinergic agents warrant further study
in this common and important condition.

We thank Professor I Oswald for use of facilities and Mrs C Hoy for
technical help. We thank Professor D C Flenley for advice. CMS was
supported by Roussel Laboratories Ltd, Paris, during the study.
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100 YEARS AGO

The following advertisement appeared, under the heading "Sales by
Auction," in the Kensington Express of January 30th:-"Earl's Court House
(nearly facing Earl's Court Station). Messrs. John W. Morley and Letts,
having been favoured with instructions by Mr. James Whittaker, will sell by
auction, on the ground, on Tuesday and Wednesday, February 16th and
17th, 1886, at 12 o'clock each day, the old building materials of the above
historical mansion, the residence of the late John Hunter, the Duke of
Richmond, and the Earl of Albemarle, comprising a large quantity of sound
floor-boarding, beams, joists, roofing and partitioning, rough boarding,
match lining, etc., old staircases, lantern-lights, etc., several tons of lead in
hips, ridges, flats, cisterns, and piping, a quantity of wrought and cast iron
work in railings, gratings, and balconies, verandahs, guttering, and piping,
galvanised iron tanks, zinc work, sheet copper bells, wire, etc., over 120 four
and six-panel doors, a large quantity of sashes, casements, frames, shutters,
etc., a pair of antique six-panel doors, with beautifully painted panels,
numerous old-fashioned fretwork, brass finger-plates and escutcheons, a
quantity of tiling, stone coping-and paving, the fittings of bath-room, w.c.
apparatus, etc., about 100 feet run of glazed corridors, the historical copper,
coving, and fittings, used for the purpose of boiling the remains of the Irish
Giant, 'Byrne O'Brian,' statuary marble chimney-piece, old and modern
grates, ranges, etc., lean-to glass-house, about 50 feet run, a large vinery and
vine, about 42 feet run, with flues, staging, etc., a quantity of choice shrubs,
fine variegated hollies, and some large hollytrees, suitable for cutting up for
turnery-purposes, oak, ash, and elm trees, a quantity of fruit trees and
bushes, some splendid lawn-turf, iron hurdles, garden tile edging, etc., and
sundries. On view day priQr to sale days. Catalogues on the premises, and of

the auctioneers, Earl's Court Road, near the racing station." A -letter,
addressed by Mr. John Merriman, sen., of Kensington, to the editor of the
Kensington Express, in reference to a notice of Hunter as an inhabitant of
Kensington, was published in that journal on Saturday, January 30th. It
shows that the Hunter family mixed with the cream ofthe intellectual society
of the period, including accomplished men of fashion like Horace Walpole.
This fact is occasionally overlooked. John Hunter was devoted to science,
but was no ascetic. Mr. Merriman adds to the notice published in the local
journal of the illustrious John Hunter, and his thirty years' residence at
Earl's Court, Kensington, a few lines concerning the social receptions held
by his wife. Mrs. Anne Hunter was sister of Sir Everard Home, and a very
accomplished lady. On Thursdays, at her receptions, might be seen Sir
Joseph Banks, Dr. Johnson, David Garrick, Horace Walpole, Sir Joshua
Reynolds, Mrs. Montague, Dr. Solander, Mrs. Elizabeth Carter, Oliver
Goldsmith, Miss Berry, Benjamin Stiulingfleet (who was barrack-master at
Kensington), Mie. D'Arblay, Mrs. Chapone, and a host of other artists,
authors, and virtuosi. Mrs. Hunter published a volume of poems of
considerable merit; she wrote a touching epitaph on her husband, which,
however, was not allowed by the rector to be placed in St. Martin's-in-the-
Fields Church; and her sweetly simple charming song, 'My mother bids me
bind me hair,' set to music by Haydn, is too well known to need comment.
Only one of her painted rooms remains in the house shortly to be
demolished. The panels to which Mr. Merriman refers are interesting
specimens of Mrs. Hunter's work, which is of fair amateur quality. (British

(British MedicalJournal 1886;i:314.)
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