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ABSTRACT:  Nocturnal cough in asthma is a common but poorly understood phe-
nomenon.  The aims of this study were to determine the relationship between record-
ed night cough, reported night cough and current wheeze in a population-based
sample of children previously identified as wheezy, and to examine the relationship
of nocturnal cough to current symptoms, markers of asthma severity and environ-
mental exposure.

Children were reassessed in the early school years by measuring current symp-
toms, ventilatory function, bronchial reactivity, peak flow variability, respiratory
symptom diaries and home monitoring of overnight cough, transcutaneous art-
erial oxygen saturation, room temperature and humidity.  Night studies were per-
formed on 59 asymptomatic children and 41 children with current wheeze.

Cough occurred more frequently in current wheezers compared to asymptomatic
children (16 out of 41 (39%) vs 11 out of 59 (19%)), and more cough episodes were
recorded (median 3.5 vs 2.0).  Night cough was not associated with bronchial reac-
tivity, peak flow variability, degree of morning dip, mean overnight arterial oxy-
gen saturation, ventilatory function, maternal smoking or treatment of asthma.
However, it was associated with lower overnight air temperature.

Although night cough is more common  in current wheezers, there is poor agree-
ment between recorded and reported night cough.  Objective tests of asthma sever-
ity are of little use in predicting its presence in this age group.  The sleeping
environment deserves further study.
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Nocturnal symptoms are common in asthma and most
asthmatics have nocturnal bouts of cough, wheeze, dys-
pnoea or chest tightness [1].  Studies of asthmatic adults
have shown that those who are symptomatic have a poor-
er quality sleep [2], and that this in turn interferes with
daytime activities [3]. Nocturnal cough can be a trou-
blesome symptom in asthmatic children and can result
in impairment of daytime performance. Elucidation of
the mechanisms underlying nocturnal worsening of asth-
ma remains incomplete.  Putative explanations relate to
circadian phenomena, such as increased bronchial respon-
siveness [4], increased airway lability [5], increased sen-
sitivity to inhaled allergens [6], autonomic imbalance [7],
and decreased airway calibre [8].  Circadian rhythms
have been demonstrated for peak expiratory flow rate
[9], bronchial responsiveness [10], and catecholamine
secretion [7].  This work has shown that these cyclical
phenomena reach a bathysphase (lowest point) during the
night [7–10].  The timing of nocturnal cough does not
tally with the bathysphase of these same measures, pos-
sibly indicating an imprecise relationship between cough
and other measures of asthma severity.  Clarification of

the precise relationships between nocturnal cough and
measures of respiratory function are further hampered by
the poor reporting of nocturnal cough, particularly in
children [11, 12].  In addition, most reported studies have
concerned children with severe asthma and/or asth-
matics undergoing therapeutic trials to reduce night cough
[13].  Finally, it has been recognized that the analysis of
factors important in determining night cough may be
confounded by environmental exposures, such as tobacco
smoke [14], pollutants [15] and dampness [16].

We have studied night cough in a population-based
cohort of children aged 4–7 yrs, who had previously been
identified as having wheeze in the preschool years, with
the following aims:  1)  to determine the relationship be-
tween recorded night cough and recent wheeze (within
the last year);  2)  to compare the reported frequency of
night cough with that actually recorded at night;  3)  to
define the nature and timing of nocturnal cough in those
with and without wheeze in the preceding year; and 4)
to determine whether factors, such as lung function, bron-
chial reactivity and environmental exposure, predict, or
are associated with, nocturnal cough.
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Subjects and methods

The methods by which the original cohort of 1,422
children were recruited in the preschool period have been des-
cribed in detail elsewhere [17].  At follow-up, all 222
children who had parentally reported wheeze in the pre-
school period were invited to attend Leicester Royal
Infirmary to participate in an update symptom question-
naire and assessment of ventilatory function, bronchial respon-
siveness to inhaled methacholine, atopic status, peak flow
variability, respiratory symptom diary and assessment of
nocturnal symptoms.  The timing of these studies was
arranged so that children were seen when they were free
from viral respiratory infections (at least 4 weeks).

Of the 222 children identified in the preschool period
as having wheeze, 145 were reassessed by questionnaire
to determine current symptoms and 114 (61 boys and 53
girls) attended for physiological assessment.  The aver-
age age (range) of children at follow-up was 6 (4–8) yrs,
and mean follow-up time (range) between the two sur-
veys was 2.9 (1.8–4.0) yrs.  Night studies were carried
out on 100 children.  Fifty nine of these children had
been free of wheeze for at least a year prior to follow-
up and the remaining 41 had wheezed within that year
(current wheezers).  In this latter group, 16 (39%) had
suffered 1–2 attacks in the past year, 21 (51%) had 3–5
attacks, and 4 (10%) had ≥ 6 attacks.  Twenty eight were
in receipt of anti-asthma medication and 13 were not.
In those being treated, 21 were receiving prophylaxis
(inhaled steroids or sodium cromoglycate) and bron-
chodilators when required, and the remaining seven bron-
chodilators alone.  Among the 59 subjects without current
wheeze, 9 were being treated (prophylaxis and bron-
chodilators in four and bronchodilators alone in five).

Questionnaire 

The presence of wheeze was established in the initial
survey by the question "has your child ever had attacks
of wheezing?"  and this question was itself prefaced with
a definition of wheeze as "a high pitch whistling sound
coming from the chest, not the throat".  At follow-up, a
history of night cough was elicited by the question "Has
your child at any time in the last 12 months been wak-
ened at night by an attack of coughing when he/she does
not have a cold or chest infection?"  Positive responses
to the latter question were then followed by an enquiry
as to the regularity of the night cough, and children with
more than four attacks per year were arbitrarily defined
as having current night cough.

Assessment of lung function and bronchial responsive-
ness

Ventilatory function was determined with a pneumo-
screen II/1 (Erich Jaeger) and maximum flow rate for
the middle 50% of forced expiration (MEF25–75%) was
calculated.  Seventy nine children were able to use this
equipment satisfactorily. Bronchial responsiveness to
inhaled methacholine was assessed in 76 children using

the tidal breathing method of Cockcroft, and response to
methacholine was indirectly measured using changes in
transcutaneous oxygen tension (Ptc,O2) [18].  The con-
centration of methacholine required to produce a 20%
decrease in Ptc,O2 from baseline (presaline) was calcu-
lated using linear interpolation of points on the logged
dose-response curve which bracketed the predicted 20%
decrease (PC20Ptc,O2).  All subjects in this report respond-
ed before the final dose (maximum dose 32 mg·mL-1).
Baseline peak expiratory flow rate (PEFR) was measured
in 80 children using a mini-Wright peak flow meter
(Clement-Clarke).  MEF25–75% and PEFR were expressed
as percentage predicted for height using the equations of
ZAPLETAL et al. [19] and WILLE and SVENSSON [20].

Peak flow and respiratory symptom diary

A 2 week diary was completed satisfactorily by 74
children by recording the best of three PEFRs three times
a day at exactly 8 a.m., 4 p.m. and 8 p.m..  At the same
time, a 5-point diary was completed regarding symptoms
and treatment, which included specific separate questions
concerning cough during the day and cough waking the
child at night.  In 47 subjects it was possible to obtain
a measure of morning dip by subtracting the PEFR (as
percentage predicted) recorded at 8 a.m. following the
night study from the recording taken at 8 p.m. on the
night of study.

Overnight study

Cough was recorded overnight using a noise-activated
timed tape system placed in the child's bedroom.  At the
same time, the transcutaneous arterial oxygen saturation
was monitored over the course of the night using a Biox
pulse oximeter and finger probe (Ohmeda, B.O.C).  The
saturation was recorded and stored on data loggers (Grant
Instruments, Cambridge, UK) at 1 min intervals. In addi-
tion, room temperature and the humidity of room air was
also recorded and stored at 1 min intervals throughout
the study.

The following morning, all data were retrieved and
downloaded for analysis.  The cough tape was listened
to and extraneous noises (for example throat clearing and
snoring) were excluded.  The number of cough episodes
per hour of the night and the total number of coughs
heard in that hour were recorded.  For the purposes of
our study, night cough was defined as the presence of
at least one episode of multiple coughing.  This exclud-
ed children with repeated episodes comprising a single
cough. The saturation record was analysed using pur-
pose-designed software, which ignored saturation read-
ings recorded when a low pulse rate was present in order
to exclude erroneously low readings resulting from poor
probe contact.  However, few data were lost from the
studies in this way.  In order to assess the repeatability
of the night study, 30 children were asked to repeat the
entire protocol, and this included an repeat overnight
study.  The mean time (range) between initial assess-
ment and assessment of repeatability was 9 (1–20) months.
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Statistical methods

Data were analysed using Statistical Analysis Software
(SAS) [21] and S-plus [22]. Categorical data were pre-
sented using contingency tables and formal statistical
inference was based upon the Chi-squared test for homo-
geneity (without continuity correction) [23].  The repeata-
bility of binary outcomes was assessed using percentage
agreement and more formally by Cohen's kappa (κ) sta-
tistic.  The Wilcoxon rank sum test was used to com-
pare total number of coughs and total number of cough
episodes recorded overnight between groups of children,
as these data were nonparametrically distributed. A
p-value of less than 0.05 was accepted as statistically
significant.

Results

Night cough and its relationship with current wheeze

At least one episode of multiple nocturnal cough was
recorded in 11 out of 59 children from the current asymp-
tomatic group, and in 16 out of 41 of the children with
current wheeze (χ2

1=5.10; p=0.024).  In the asympto-
matic children, the median (range) number of cough
episodes heard overnight was 2.0 (1–4), which was lower
that heard in the wheezy group where the equivalent
figures were 3.5 (1–83) (Wilcoxon scores (rank sums),
p=0.033).  The median (range) for the total number of
coughs heard overnight in these two groups was 5 (2–24)
and 11 (2–94) for the asymptomatic and wheezy groups,
respectively (Wilcoxon scores (rank sums), p=0.125).

Table 1 shows the rate of night cough detected by
questionnaire or recorded overnight in previously wheezy
children, depending on current wheeze status.  A higher
proportion of children with current wheeze reported night
cough within the previous year, and night cough was
actually recorded in a higher proportion of children with
current wheeze.  There was a borderline difference in
the proportions reporting night cough in the symptom
diary between persistent wheezers and in those whose
wheeze had ceased.

Repeat overnight recordings were completed on 27
children.  In this group, four were heard to cough on
both nights, 16 did not cough on either night, and seven
coughed on one of the two nights.  This translates to a
percentage agreement of 74% and a Cohen's κ of 0.36.

Agreement between different methods of assessing night
cough

The relationship between reported and recorded night
cough was relatively poor (table 2) with low values of
Cohen's kappa for agreement between the different meth-
ods of reporting the presence of night cough.  For exam-
ple, night cough was reported in the symptom diary for
15 subjects, but was only recorded in six.  Similarly,
night cough was not reported in the symptom diary for
73 subjects, but was recorded in 18.

Timing of night cough

Figure 1 illustrates the chronology of nocturnal cough
by comparing timing of multiple cough episodes between
children who were wheezy or wheeze-free at follow-up.
It can be seen that children who were free of wheeze
coughed little overnight, but that most of this coughing
occurred in the morning between 5 and 7 a.m.  A sim-
ilar proportion of children with wheeze at follow-up
coughed at night but these episodes occurred through-
out the night, with most coughing occurring early in the
night between 8 and 10 p.m.

Night cough and asthma severity

The relationship between the asthma-related outcomes
measured and the presence of recorded night cough,
depending on whether wheeze was still present at fol-
low-up can be seen in table 3.  It can be seen that chil-
dren with persistent wheeze have poorer ventilatory
function, decreased mean overnight saturation, increased
bronchial responsiveness, increased peak flow variabil-
ity and increased degree of morning dip when compared
to children who are wheeze-free. However, the presence
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Table 1. – Relationship between measures of night cough in previously wheezy children
and children with current wheeze

Reported current        Recorded night Night cough reported
night cough cough in diary

n   Yes No n    Yes   No n    Yes   No

Current wheeze  Yes 47    16    31 41    16    25       41    10 31
No 64    10    54 59    11    48         36     6     50

Chi-squared 5.125 5.098 3.214
df 1 1 2
p-value 0.024 0.024 0.073

Table 2. – Relationship between recorded night cough
and reported night cough

Recorded Agreement Cohen's 
night cough Kappa

n Yes No %

Current night Yes 22 8 14
cough No 77 20 57 66 0.09

Night cough Yes 15 6 9 69 0.12
reported in No 73 18 55
symptom diary



of recorded night cough was not associated with large
changes in any of these putative markers of asthma sever-
ity for either current or past wheezers.

Effect of treatment on night cough

In the "treated" subgroup of current wheezers, night
cough was heard in 10 out of 28 compared to 6 out of 13 in
the "untreated" group (χ2

1=0.407;  p=0.52).  Corresponding
proportions for the children without current wheeze were
3 out of 9 and 8 out of 50 (χ2

1=1.51;  p=0.22).  The
small numbers preclude separate analysis for treated and
untreated children.  Results are presented for the total
number of children studied, on the grounds that recorded
night cough was comparable in both treated and untreated
subgroups of children.

Night cough and the domestic environment

Table 4 details the temperature and humidity mea-
surements recorded during the night studies and exam-
ines the relationship with night cough and environment,
depending on the presence or absence of current wheeze.
Due to problems with data retrieval following the night
studies, only 32 overnight temperature records were avail-
able for analysis.  However, it can be seen that in chil-
dren with persistent wheeze, the presence of night cough
was associated with decreased temperature, whilst there
was a borderline association with increased humidity.

Out of the 41 subjects with current wheeze, 15 chil-
dren had mothers who smoked and 26 had not.  In the
former group night cough was heard in 6 out of 15
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Table 3. – Relationship between recorded night cough and other asthma-related
outcomes

Current wheeze
Yes n No n

log2 (PC20Ptc,O2 mg·mL-1)
Night cough Yes 0.60   (1.77) 12 1.51    (1.43) 8

No 0.30   (1.46) 18 1.28    (1.22)     38
t=0.49, p=0.63 t=0.43, p=0.68

loge (amplitude percent mean)
Night cough Yes 2.67   (0.48) 12 2.26    (0.72) 9

No 2.46   (0.33) 18 2.18    (0.53)     35
t=1.39, p=0.18 t=0.37, p=0.71

Morning dip (% pred)
Night cough Yes 14.8   (11.79) 5 -0.2    (12.48) 6

No 4.78  (14.70) 11 2.67   (11.03)   25
t=1.33, p=0.20 t=0.56, p=0.58

Mean overnight Sa,O2 %
Night cough Yes       96.5     (1.45) 13 96.8    (1.14) 6

No 96.2     (1.47) 18 96.6   (1.78)    36
t=0.45, p=0.66 t=0.34, p=0.73

MEF25–75% pred
Night cough Yes 79.1    (20.5) 12       100.8    (29.7)    10

No 73.2    (19.4) 19 87.5   (20.3)     38
t=0.81, p=0.42 t=1.67, p=0.10

PEFR% pred
Night cough Yes 95.0    (14.1) 12       101.8    (22.9) 9

No 99.0    (18.0) 20       106.5    (18.4)     39
t=0.66, p=0.51 t=0.65, p=0.52

Values are presented as mean, and SD in parenthesis.  PC20:  concentration of methacholine
provoking a 20% decrease in forced expiratory volume in one second;  Ptc,O2:  transcuta-
neous oxygen pressure;  Sa,O2:  arterial oxygen saturation; MEF25–75%:  maximum mid-expi-
ratory flow;  PEFR:  peak expiratory flow rate;  % pred:  percentage of predicted.  
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Fig. 1.  –  Timing of cough episodes overnight in:  a) children who
were wheeze-free at follow-up;  and b) children who were wheezy at
follow-up.     :  number without cough;      :  number with cough.
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compared to 10 out of 26 for children with nonsmoking
mothers.  These proportions were similar (χ2

1 =0.009;
p=0.92). Out of the 59 subjects without current wheeze,
10 children had mothers who smoked and 49 had not.
In the first group, night cough was heard in 1 out of 10
compared to 10 out of 49 for children with nonsmoking
mothers.  These proportions were also similar (χ2

1=0.593;
p=0.44).

Discussion

This study has shown that among a population-based
sample of children identified as wheezy during the
preschool years and reassessed in the early school years,
night cough is significantly greater in current wheezers
than in children who were wheeze-free in the preceding
year. There was, however, poor agreement between record-
ed and reported night cough. Night cough was unrelat-
ed to putative indices of asthma severity - ventilatory
function status, bronchial reactivity, peak flow variabil-
ity and mean overnight oxygen saturation - but was asso-
ciated with lower overnight ambient room temperature
(p=0.016).

Night cough and  current wheeze status

The significant relationship found between night cough
(reported or measured) and current wheeze status in the
children studied is hardly surprising, despite the limita-
tions of measures of night cough.  The designation of
current night cough was based upon questionnaire enquiry.
It depended on parental recall and referred only to night
cough that resulted in awakening.  Similarly, diary card assess-
ments of night cough;  required the child to be awakened
by cough even if reporting was accurate, the frequency of
night cough was almost certainly under estimated.  Objective
monitoring of night cough over a period of weeks or
even days is limited by the lack of commercially avail-
able monitors that are inexpensive, portable, safe, accu-
rate and suitable for recording night cough in large
numbers of children simultaneously over a significant
time period.  In the study, the overnight recording made
on a random night during the 2 weeks which followed
the clinical assessment merely registered a "snapshot" of
overnight coughing, which should not be regarded as

representative of the overall clinical picture. Not surpris-
ingly, the repeatability was relatively poor and due, in
part, to the long interval between assessments.

In this study, at least one episode of multiple cough-
ing was required to be heard before children were regard-
ed as having recorded night cough.  Other studies have
considered night cough to be present on the basis of a
single cough recorded during an overnight period.  We
felt that this criterion would have been too sensitive and
risked obscuring important differences between children
with or without significant nocturnal cough.  In the event,
the proportion of children recording single episodes of
cough was similar to the proportion recording episodes
of multiple cough. Twelve out of 59 (20%) currently
asymptomatic recorded at least one single cough overnight
compared to 11 out of 59 (19%) recording at least one
episode of multiple coughing. The equivalent figures for
the currently wheezy group were 18 out of 41 (44%)
and 16 out of 41 (39%), respectively.  Thus, about 40%
of currently wheezy children from our sample were heard
to cough overnight, whilst 36% were reported to cough
at night regularly. The smaller proportion with diary
reported night cough is consistent with the underreport-
ing noted in other studies [11]. The poor agreement
between reported and recorded night cough (table 2)
reflects not only the different methods employed but the
varying time spans over which coughing was assessed.

The timing of recorded night cough episodes is of
interest.  Children who were wheeze- free at follow-up
tended to cough in the mornings, whereas those with
current wheeze coughed throughout the night, particu-
larly in the early part of the night.  This is similar to the
observation of THOMSON et al. [24] who found that the
timing of night cough in asthmatic children varied dur-
ing the night and was out of phase with the nadir in peak
flow [9].  There is no published information on the pre-
cise timing of cough during the night in various respi-
ratory disorders in which cough, is prominent. Variations
in the timing of night cough might reflect differing mech-
anisms that are dependent on the sites and/or pathology
of any underlying respiratory disorder.  Thus, the timing
of cough associated with upper respiratory tract disorders,
for example enlarged tonsils and adenoids, may differ
from that seen with certain lower respiratory illnesses;
similarly, lower respiratory conditions characterized by
wheezing and cough, e.g. asthma and recurrent aspiration,
may have different patterns of cough.  In the present
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Table 4. – Relationship between recorded night cough and the overnight bedroom environment

Current wheeze
Yes n No n

Mean overnight room air humidity  %
Night cough Yes 63.5    (10.8) 15 57.8     (6.8) 8

No 56.9    (11.8) 22 60.0    (11.2) 38
t=1.73, p=0.093 t=0.54, p=0.59

Mean overnight room air temperature ˚C
Night cough Yes 17.7     (2.4) 8 16.2     (3.1) 4

No 21.6     (2.8) 6 18.6     (3.6) 14
t=2.81, p=0.016 t=1.16, p=0.26

Values are presented as mean, and SD in parenthesis.   



study, care was taken to avoid the potentially confounding
effects of upper respiratory viral illnesses, and none of the
children were thought to have definable underlying lung
disease, such as cystic fibrosis.  We cannot explain varia-
tions in timing of night cough which may also have
resulted from aspects of the sleeping environment not
investigated here.

Night cough and putative measures of asthma severity

Analysis of the putative measures of asthma-severity
indicated that although current wheezers were on the
whole more severe (increased bronchial reactivity, peak
flow variability and decreased ventilatory function), there
was little association between these measures and the
presence of recorded night cough for either current or
past wheezers. A detailed investigation of the relation-
ship between current and past wheeze in this group of
children is reported elsewhere [25].  In the case of
bronchial reactivity, the lowest value for this index was
seen in the children in whom no cough was heard, which
was the opposite of what may have been expected.  This
runs counter to the hypothesis that excessive airway reac-
tivity is an important or even sole determinant of night
cough.  Similarly, differences in mid-expiratory flow and
peak expiratory flow were not associated with the pres-
ence of night cough, indicating that night cough is not
strongly related to these aspects of ventilatory function.
Although an increased variability and increased morn-
ing dip was found to be present in currently wheezy chil-
dren with recorded cough, the change was not statistically
significant.  This is in apparent contrast with literature,
where excessive morning dip and peak flow variability
have been used to predict nocturnal worsening of asth-
ma [5].  Children with recorded night cough had simi-
lar mean levels of arterial oxygen saturation to those in
whom coughing did not occur.  This differs from the
reported findings in children recovering from acute attacks
of asthma [26], in whom night cough was much more
prominent. The study was of a community-based sam-
ple of children who were well or had well-controlled
asthma.  This may explain why we were unable to demon-
strate a relationship between the presence of recorded
night cough and these indices of asthma severity.  Our
data also show that the receipt of anti-asthma medica-
tion made little impact on the proportion of children with
recorded night cough, although it should be borne in
mind that the sample size is relatively small.

Environmental influences

The data on overnight temperature showed that lower
average temperatures were associated with overnight
cough, and significantly so for those children with cur-
rent wheeze despite the fact that, due to problems with
data handling, only 32 observations were available for
analysis.  This contrasts with previous data [27, 16].  A
borderline association of increased humidity was also
found for current wheezy children with nocturnal cough.
Although the presence of patches of mould or damp are

associated with nocturnal worsening of asthma, data on
the effect of humidity have previously shown no spe-
cific association [16].  No effect of maternal smoking
was shown, which is contrary to many other large scale
epidemiological studies, although these looked at report-
ed night cough rather than recorded night cough [ 14].

When interpreting these data it is important to appre-
ciate the cross-sectional nature of the initial cohort and
the differential follow-up time.  It could be argued that
young children are more likely to have night cough in
response to viral infections than their older counterparts,
and hence the age structure of the cohort may obscure
the relationships investigated above.  Children were inves-
tigated only during periods free from viral respiratory
infections (at least 4 weeks from last infection) and in
this way we hoped to circumvent this problem.  It would
also be possible (given the study design) that children
could have developed viral respiratory infections in the
time between the initial visit to the hospital and the home
visit. In the event, only one child developed such an
infection and was excluded from the analysis.  Since the
factors investigated are likely to be correlated (e.g. a
higher proportion of current wheezers were on anti-
asthma treatment), unconditional logistic regression was
performed using recorded night cough (0=no, 1=yes) as
the binary outcome. This also allowed the appropriate
investigation of age and follow-up time.  In the event,
this did not alter any of the inferences already discussed,
as no factors other than room temperature were found to
predict the presence of recorded night cough.

In conclusion, this study has examined recorded night
cough and its relationship to current symptoms in a
community-based sample of children known to have
wheezed in the preschool period. It has demonstrated that
a significantly greater proportion of children with cur-
rent wheeze cough at night compared to their asympto-
matic counterparts. There is poor agreement between
recorded and reported night cough, and the presence of
night cough was not associated with any other aspect of
lung function or measure of asthma severity.  Recorded
night cough was associated with colder and more humid
environments, but no effect of maternal cigarette smok-
ing was seen. Prescribed anti-asthma medication had lit-
tle effect on the occurrence of recorded night cough. 

In summary, this common accompaniment to current
wheeze is underreported and hard to predict in young
children from observing other measures of lung function.
Treatment of wheeze seems to have little effect on record-
ed cough, and further studies are needed to establish
whether low environmental temperature and high humi-
dity is truly associated with recorded night cough.  Ideally,
any future study should also incorporate an objective
assessment of upper respiratory tract symptoms and signs.
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