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It has long been recognized that asthma often worsens at
night. The nature of nocturnal asthma is unclear. Previ-
ously we have demonstrated that acute asthma attacks
can be induced by exposing the body to cold, and that
such attacks can be prevented by breathing warm, hu-
midified air (WHA). Since body temperature begins to
decrease late at night and continues through the early
morning hours, we suspected that part if not all of
nocturnal asthma may be triggered by the same mecha-
nism as asthma induced by body cooling. To test this
hypothesis, eight asthmatic patients were studied on four
occasions. The subjects breathed either ambient room
air (RAj 23°C, 20 percent relative humidity) or WHA
(37°C, 100 percent relative humidity) for eight hours

I t has been recognized for a long time that bron-
chial asthma often worsens during the night or

early morning. The mechanism of nocturnal asthma
is not clear.

Nearly a hundred years ago Salter! hypothesized
that the horizontal sleeping position caused noc-
turnal asthma, but Clark and Hetzel- later showed
that nocturnal asthma was not related to the night-
time sleeping position. Sleeping itself was also con-
sidered, but the nocturnal fall in pulmonary func-
tion persisted despite sleep interruption and de-
privation." Plasma corticosteroids were said to be
responsible, since urinary secretion of steroids is
low at night." however, cortisol infusion was un-
able to prevent deteriorations of peak expiratory
flow." Since the correlation between peak expiratory
How rate and urinary catecholamines was good, it
was suggested that a decrease in the sympathetic
tone could be responsible for nocturnal asthma.v"
Gastroesophageal reflux at night was also suspected
as the trigger, since prohibiting food and fluid in-
take after the evening meal, in addition to elevating
the head of the bed, was reported to prevent the
nocturnal symptoms."

There are circadian rhythms for many hormones
and physiologic parameters in addition to the corti-
costeroids and catecholamines cited above. There
is a clear diurnal variation in body temperature:
oral temperature increases slowly in the morning
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during the night with or without taking their regular eve-
ning medication. Each night, oral temperature and pul-
monary function were measured at 9:45 PM (baseline
measurement) and again at 6:15 AM (morning measure-
ment). Results showed that when RA was used, morning
pulmonary function and oral temperature decreased sig-
nificantly from baseline. Using WHA in conjunction
with regular evening medication completely prevented
both nocturnal asthma and changes in oral temperature.
Using WHA without regular evening medication did not
prevent but substantially reduced bronchoconstriction
compared with RA. These results suggest that airway
cooling, which occurs as a consequence of body cooling,
plays a significant role in triggering nocturnal asthma.

and reaches its peak of 37.2°C between 6 PM and
10 PM, and then declines gradually to reach a mini-
mum of 36.1°C between 2 AM and 4 AM.9 The tem-
perature curve is related mostly to variations in
muscular activity and metabolism, which are at a
maximum in the late afternoon and at a minimum
in the early morning. The temperature curve is also
partly related to the specific dynamic action of food.

Changes in body temperature can have an im-
mediate impact on airways of asthmatic patients.
In recent studies we have shown that a fall in body
temperature of O.7°C (as a consequence of brief
cold exposure) results in acute asthma attacks in
most asthmatic patients.10, 11 We postulated that
body cooling first leads to vasoconstriction and
cooling of respiratory mucosa, and that cooling of
respiratory mucosa consequently initiates broncho-
constriction in patients with asthma. When airway
mucosa was maintained warm by breathing warm,
humidified air (WHA) during body cooling, asthma
attacks did not occur.P Since body temperature
normally decreases at night, it suggested itself as a
possible trigger for nocturnal asthma. If this is the
case, the nocturnal fall in pulmonary function
should be substantially reduced or entirely pre-
vented by breathing warm, humidified air. The
present study was conducted to test this hypothesis.

MATERIALS AND METHODS

Eight asthmatic patients of the National Asthma Center,
who ranged in age from 10 to 61 years, volunteered to be
subjects for the study (Table I). For all studies, the pa-
tients stayed overnight at the hospital, going to bed at 10
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Table I-Baseline Pulmonary Function and Medications of the Subjects

Subject/Sex/Age, yr

O/F/61

A/M/13

B/M/14

C/M/15

D/M/16

E/M/15

F/F/17

G/M/IO

-Baseline Function,
% pred FEV\

67

76

67

75

92

95

97

95

Medication Amount Frequency

Aminophylline 200 mg 3 times daily
Metaproterenol 2 whiffs 3 times daily
Prednisone 5mg Alternate day

Theophylline* 550 mg 3 times daily
Terbutaline 5 mg 3 times daily
Beclomethasone 3 whiffs 3 times daily

Theophylline* 500 mg 2 times daily
Beclomethasone 4 whiffs 3 times daily

Theophylline* 600 mg 2 times daily
Cromolyn 20 mg 3 times daily

Theophylline* 350 mg 2 times daily
Terbutaline 5mg 3 times daily
Metaproterenol 2 whiffs 3 times daily
Beclomethasone 4 whiffs 3 times daily

Theophylline* 300 mg 3 times daily
Terbutaline 5 mg 3 times daily
Beclomethasone 3 whiffs 3 times daily

Theophylline* 500 mg 3 times daily
Metaproterenol 2 whiffs 4 times daily
Beclomethasone 4 whiffs 4 times daily

Theophylline* 350 mg 2 times daily
Terbutaline 2.5 mg 3 times daily
Metaproterenol 2 whiffs 2 times daily

*Sustained-release theophylline.

PM and arising at 6 AM. Most patients were on a medication
schedule of either twice a day (7 AM and 7 PM) or three
times a day (7 AM, 3 PM, and 11 PM), but one, subject F,
was on a four times a day schedule (7 AM 1 PM 4 PM

and 11 PM). Patients receiving alternate-day'
were studied on the days they received no steroids. A
preliminary observation was conducted on patients 0 A
and B to determine whether they were able to sleep eight
hours without an asthma attack when their regular evening
medication was withheld. Patients A through G participated
in, and completed, the subsequent two series of studies.
Patient 0 discontinued after the preliminary study due to
poor health. The study was approved by the institution's
research and ethics committees, and informed consent was
obtained from all subjects as well as the parents of the
minors.

To evaluate effects of inspired air, a rolling-seal spirom-
eter (Model 840, Ohio Medical Products) was used to meas-
ure forced vital capacity (FVC), the forced expiratory vol-
ume in one second (FEV1), and the forced expiratory flow
during the middle half of the FVC (FEF25-75%). The
pulmonary function tests were performed in a laboratory
of ambient room temperature and humidity at 9:45 PM

(baseline function) and 6: 15 AM ( morning function) .
Prior to the pulmonary function tests, oral temperature was'
measured by placing a mercury thermometer (Terumo)
sublingually for at least three minutes.

In the preliminary observation, the subjects went to
sleep breathing ambient room air without taking their eve-
ning medication. If they awakened due to nocturnal asthma,
the time and oral temperature were recorded prior to
measuring their pulmonary function. After their routine
medication and an inhaled bronchodilator were given, the
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patients went back to sleep until 6 AM, when they were
awakened for oral temperature and pulmonary function
measurements.

The main study was conducted in two series. In the first
series, each subject was studied on two different nights
separated by at least three days while receiving their reg-
ular medication. Between 10 PM and 6 AM the subject ran-
domly breathed room air (RA) one night and WHA (36.5±

and 100 percent relative humidity) the other night.
The room temperature of the hospital averaged 23°C, with a
daily variation of less than one degree. The relative humidity
of the room air ranged from 17 percent to 24 percent during
the period of the study. The WHA was generated by an
apparatus described elsewhere in detaiJ.13,14 Briefly, ambient
air that was saturated with water at room temperature was
pumped from a storage reservoir over hot water for warm-
ing and further humidifying. The WHA was then conducted
via insulated tubing (3 em in diameter) to a semitight tent
that extended over the patient's head. The temperature
inside the tent was continuously monitored and maintained
at the desirable range of 36° to 37°C; the relative humidity
in the tent was always at 100 percent saturation.

In the second series of experiments, each patient was
studied for two nights, both nights with their evening med-
ication withheld. To avoid severe dyspnea that would inter-
rupt the studies during the night, the medication hours
were changed slightly for the two days. The last medication
for patients requiring twice a day therapy was given at
10 AM (instead of 7 AM); and the last two medications for
patients taking medication three times a day were given
8 AM and 4 PM (rather than 7 AM and 3 PM). Each subject
randomly breathed RA one night and WHA the other night,
with at least three days in between the two night studies.
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Table 2--Oral Temperature and Pulmonary Functi,on at
Bedtime, During Nocturnal Asthma Attack, and on

Arising in the Morning

Oral
Temperature, FEF25-75%,

Subject Time °0 FEV"L Lisee

9:45 PM 36.6 1.33 .79

0 2:50 AM 36.0 .85 .45

6:15 AM 36.2 1.54 1.00

9:45 PM 36.8 3.12 2.43

A 5:00 AM 36.0 1.42 1.01

6:15 AM 36.4 2.80 1.69

9:45 PM 36.9 1.98 .83

B 2:24 AM 36.0 1.09 .49

6:15 AM 36.4 2.01 .95

The data were analyzed using a two-way analysis of vari-
ance with repeated measures on both factors.t" Pulmonary
function studies of the subject in the morning were also
compared with those of the previous evening (baseline) by
means of the paired t test. The level of significance accepted
wasP< 0.05.

RESULTS

In preliminary observations, patients 0, A, and B
had their regular medication at 7AM and 3 PM dur-
ing the day, but the 7 PM or 11 PM drugs were
omitted. At 9:45 PM their mean baseline readings
were: oral temperature 36.8°C, FEV1 = 2.14 (L),
and FEF25-75% = 1.35 (L/sec). Breathing ambient
room air (RA), they could not sleep through the
night without treatments. During asthma attacks
that occurred between 2:24 AM and 5 AM (Table 2)
the averaged oral temperature, FEV1, and FEF25-
75% were 36.0°C (a decrease of O.8°C), 1.39 L (65
percent of baseline), and 0.68 L/sec (50 percent of

baseline), respectively. After taking their regular
medications and using an inhaled bronchodilator,
they were able to sleep until 6 AM. At 6:15 AM the
averaged oral temperature, FEV1 and FEF25-75%
were 36.3°C, 2.5 (L), and 1.21 (LIsee), respec-
tively.

The oral temperatures of the patients at 9:45
PM and 6:15 AM in the four sessions of the main
study are presented in Table 3. After breathing RA,
the morning oral temperature of all patients was
decreased. The averaged decrease was 0.3°C when
the patients had taken their regular evening medi-
cation, and 0.7°C when the evening medication had
been withheld. These decreases from the evening
(baseline) temperatures were statistically signifi-
cant (P<O.OOl). When the magnitude of tempera-
ture decrease was compared between the session
with and without regular evening medication, there
was no significant difference. When WHA was used,
the morning temperature was not different from
the evening temperature.

The baseline and morning pulmonary function for
each subject after RA and WHA breathing are pre-
sented in Figures 1 and 2. Figure 1 shows FEV1 and
FEF25-75% with regular evening medications, and
Figure 2 shows the same indices when regular eve-
ning medications were omitted. In the session using
RA with regular evening medication, morning FEV1

decreased significantly (P < 0.05) from an average
of 2.9 (L) to 2.7 (L), and morning FEF25-75% also
decreased significantly (P < 0.05) from an average
of 2.4 (LI sec) to 2.0 (L/ sec). There was no signif-
icant change in morning pulmonary function when
WHA was used with the regular evening medication.
Analysis of variance revealed that the effects of RA
vs WHA on morning FEV 1 (P < 0.05) and FEF25-
75% (P < 0.01) were significantly different. In the
session using RA without regular evening medica-

Table 3-OralTemperature at Bedtime and on Arising in Four Sessions 0/ Study
Breathing Room Air (RA) or Warm, Humidified Air (WHA) During the Night

With Regular Evening Medication Without Regular Evening Medication
" "RA WHA RA WHA

Patient 9:45 PM 6:15 AM 9:45 PM 6:15 AM 9:45 PM 6:15 AM 9:45 PM 6:15 AM

A 36.7 36.3 36.9 36.8 36.8 36.0 36.6 36.7

B 36.4 36.1 36.2 36.3 36.5 36.1 36.1 36.3

0 36.2 35.6 36.7 36.7 36.9 36.2 36.1 36.3

D 37.0 36.8 36.7 36.6 37.0 36.0 36.9 36.7

E 36.9 36.4 36.5 36.3 36.4 35.7 37.0 36.6

F 36.4 36.3 36.7 36.7 36.3 36.1 36.7 37.0

G 36.9 36.6 36.8 36.6 36.8 36.2 36.5 36.4

Mean 36.6 36.3* 36.6 36.6 36.7 36.0* 36.6 36.6

"P < .001 decreased significantly from evening temperature.
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tion, morning FEV1 decreased significantly from the
avemged baseline of 2.9 to 1.8 (L) (P < 0.005), and
FEF25-75% decreased from the averaged baseline of
2.3 to 1.2 (LI sec) (IP < 0;05). When WHA was ap-
plied without regular evening medication, the aver-
aged FEV1 also decreased significantly, but only
from 2.8 to 2.4 (L) (P < 0.005), and FEF25-75%
decreased only from 2.1 to 1.5 (LI sec) (P < 0.05).
The effects of RA vs WHA on morning FEV1 (P <
0.025) and FEF25-7'5% (P < 0.05) were also signif-
icantly different. Although the deterioration in pul-
monary function from evening to morning was in
the same direction as the decrease in oral tempera-
ture, a significant correlation between the decrease
in oral temperature and the pulmonary function
could not be established from the present data.

DISCUSSION

All three subjects who participated in the pre-
liminary observation suffered severe dyspnea at
night. Since regular evening medication had not
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FIGURE 1. Pulmonary function at
bedtime (dots) and on arising ( x )
when patients received their regular
evening medication and breathing

G mean either ambient room air (solid line)
or warm, humidified air ( dashed
line) for eight hours during night.

been given, extracellular fluid concentration of
drugs must have been critically low at the time
of asthma attack. After receiving oral and inhaled
drugs, their asthma improved, and they were able
to sleep again. The pulmonary function and oral
temperature of these subjects rose considerably by
morning after treatment. These observations
prompted us to shift the medication time a few
hours toward the evening so that patients could
stay in bed continuously for eight hours without in-
terruption when regular evening medication had to
be withheld. These observations indicate that eve-
ning medications appear to be essential for those
who are prone to nocturnal asthma."

However, even with regular evening medication,
the patients had a significant deterioration of pul-
monary function in the morning when they breathed
ambient room air; this decrease in morning lung
function was entirely prevented by breathing WHA
(Fig 1). Morning bronchoconstriction was severe
when regular evening medication was withdrawn
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ture; although indoor air temperature may remain
constant, body heat loss can be enhanced by an in-
creased rate of heat radiation from the bed cover-
ing and body surface to the walls and windows.
Since body cooling leads to airway cooling and air-
way cooling in turn triggers bronchoconstriction in
asthmatic patients,10,11 it can be speculated that
nocturnal asthma is related to body cooling during
the night.

Breathing WHA prevented nocturnal asthma
when regular evening medication was given (Fig
1), but WHA did not prevent deterioration of pul-
monary function when evening medication was
omitted (Fig 2). This can be explained on the basis
that when evening medication was withheld, the
concentration of circulating bronchodilator drugs
decreased during the period of 8.5 hours between
the evening and morning pulmonary function meas-
urements. As the concentration of bronchodilator
drugs decreased, pulmonary function deteriorated.
Application of WHA was unable to compensate fully
for the effects of diminished bronchodilator agents.

G mean
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(Fig 2); nevertheless, withdrawal of medication can
result in severe asthma any hour of the day. Al-
though WHA did not prevent nocturnal asthma
when regular evening medication was omitted, it
reduced bronchoconstriction significantly compared
with RA.

Thus, breathing WHA for eight hours continuous-
ly during the night was beneficial to patients with
asthma. Warm, humidified air probably exerted its
beneficial effects on nocturnal asthma in a similar
way that WHA prevents exercise-induced asthma
and asthma induced by body cooling.10-14.17.20

Airway cooling is a direct consequence of body
cooling. Body temperature can decrease signif-
icantly during the night for several reasons, which
include: (1) the metabolic rate decreases, and con-
sequently the rate of body heat production is re-
duced; decreased secretion of catecholaminesv? and
corticosteroids" contribute to a lower rate of metab-
olism; (2) the outdoor temperature decreases mark-
edly at night, creating a greater temperature grad-
ient between inside and outside of a building struc-

FIGURE 2. Pulmonary function at bed-
time (dot) and on arising (x) when
patients breathed either room air (sol-
id line) or warm, humidified air
(dashed line) for eight hours during
night without their regular evening
medication.
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Even though WHA was unable to prevent declines
of pulmonary function when regular evening med-
ication was omitted, the deterioration was substan-
tially less compared with RA.

Although there was a distinct trend between the
decrease in oral temperature and deterioration in
pulmonary function, analysis of variance failed to
establish a significant correlation between these two
parameters. In asthmatic patients, a small change
in body temperature could result in a large decline
in pulmonary function. Since oral temperature
changes are only within a degree or so, mercury
thermometers may have measured only gross
changes. Thermal instruments with a higher degree
of resolution may be desirable for this type of study.
Also, the small number of subjects may be a factor
in failing to establish a statistical significance.

Besides prevention of airway cooling, application
of WHA may exert other effects that result in im-
provement of respiratory air How. According to
Hilding'" and others," ciliary action and mucus
How are intimately related to temperature and
humidity; ciliary beat and mucus How can be
slowed or stopped by cooling or by excessive dry-
ness. Thus, application of WHA in our patients
could have facilitated ciliary beats, increased rate
of mucus How, and consequently enhanced airway
clearance resulting in a superior pulmonary func-
tion.

Using various combinations of temperature and
humidity of inspired air while maintaining the room
air and other conditions constant, we have previous-
ly demonstrated that increasing water content of
inspired air to 43 mg/L of air (which is equivalent
to the water content of WHA) is not beneficial in
attenuating exercise-induced asthma· 14,20 however
increased heat content of inspired ai; is beneficial:
In the present study, the better morning pulmonary
function after WHA was probably also related to
the high heat content of the inspired air.

Breathing WHA has now been found to prevent
or reduce airway obstruction in three forms of
asthma. Previously, WHA breathing was shown to
prevent exercise-induced asthma and asthma in-
duced by body cooling, and now it has been shown
to prevent or substantially reduce nocturnal asthma.
The beneficial effect of WHA appears to act by
preventing the cooling stimulus to the airways
through the physical properties of warm, humidified
air.
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