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Frequent nocturnal awakening in early life
IS associated with nonatopic asthma in
children

A.L. Kozyrskyj**, G.E. Kendall""*, S.R. Zubrick™"*"/, J.P. Newnham** and P.D. Sly"*

ABSTRACT: Sleep deprivation has become a common phenomenon of the Western world and is
associated with a variety of medical problems in children. This retrospective longitudinal analysis
of a community-based birth cohort was undertaken to determine whether frequent nocturnal

awakening during early life was associated with the development of childhood asthma.

2,398 children born to mothers recruited from the antenatal clinics of a single hospital in Perth,
Australia during 1989-1991 were followed up at years 1, 2, 3, 6, 8, 10 and 14. Parent-completed
questionnaires were analysed. The odds ratio for asthma at age 6 and 14 yrs in children with
frequent nocturnal awakening during the first 3 yrs after birth was determined from multiple

logistic regression.

Following adjustment for asthma risk factors, co-sleeping and family stress, persistent
nocturnal awakening was associated with nonatopic asthma at age 6 and 14 yrs (at age 14 yrs:
OR 2.18, 95% CI 1.15-4.13) but not with atopic asthma.

We found an increased risk of nonatopic asthma in children following frequent nocturnal
awakening during the first 3 yrs of life. These hypothesis-generating data suggest the need for
further systematic study of the effects of disordered sleep in early life on the development of

asthma.
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leep deprivation is a common phenom-
s enon of the Western world; normal sleep

duration has decreased from 9 h in 1910
to an average of 7.5 hours in the 1970s [1].
Inadequate sleep is an issue in young children.
One third of American children experience one
night or more of insufficient sleep weekly [2].
Disordered sleep has been linked to a variety of
medical problems in children, including hyper-
activity disorders [3, 4]. Short duration of sleep
has also been associated with decreased cortisol
reactivity to stress [5] and being overweight in
adolescence [6, 7].

Sleep is important for growth during childhood
and maturation of the hypothalamic—pituitary-
adrenal (HPA) axis [8, 9]. Higher morning cortisol
and lower growth hormone levels have been
observed in sleep-deprived infants and children
[10-12]. Shorter stature is more common in children
with asthma [13]. Infants at risk for allergic disease
have exaggerated cortisol responses to stress,
while asthmatic schoolchildren have lower HPA
reactivity [14-16]. The co-existence of these
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phenomena in childhood asthma raises the possi-
bility that sleep deprivation may play a role in
asthma development. More recently, higher rates of
asthma in the inner city have been attributed to the
detrimental effects of noise on sleep in children [17].

Cross-sectional surveys have found sleep problems
to be more prevalent in schoolchildren with atopic
disease, with the strongest association reported for
hay fever or atopic dermatitis [2, 18]. While causal
links between infant sleep and childhood asthma
are plausible, this hypothesis has not been tested.
Our primary research objective was to determine
whether frequent nocturnal awakening during
early life was associated with the development of
asthma in a community-based, longitudinal birth
cohort of children. A secondary research objective
was to test the association with the asthma
phenotypes: atopic and nonatopic asthma.

MATERIALS AND METHODS

The study population came from the Western
Australian Pregnancy Cohort (Raine) Study of
children born in 1989-1991 of mothers enrolled at
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gestational age 16-20 weeks from antenatal clinics at the main
tertiary maternal hospital or nearby practices in Perth, Australia
[19]. Mothers were not recruited on the basis of a history of
asthma or allergy, and were broadly representative of the
females attending the hospital. Children were followed up at
years 1,2,3,6,8,10 and 14. The likelihood of asthma at age 6 and
14 yrs subsequent to parental report of sleep during the first
3 yrs of life was determined. This study was approved by the
institutional ethics committee.

Study measures were obtained from parent-completed ques-
tionnaires. Complete information on infant sleep at 1 yr was
available for 2,398 children. There was a loss to follow-up or
missing data on asthma status for 399 (17%) children at age 6
and for 705 (29%) children at age 14 yrs. Asthma risk or
protective factors, such as maternal history of asthma, maternal
smoking, breastfeeding for <6 months and dog ownership,
were more prevalent in excluded children. Mothers of children
with missing data were also more likely to be single parents, to
have a lower level of education and to experience high stress.

Each year for the first 3 yrs after birth, parents answered
questions about the frequency of night awakenings in their child
in the past week. Frequent nocturnal awakening was defined as
parental report of their child waking during the night more than
twice weekly. Children who awoke twice a week or less were
defined as having normal sleep. Parent assessment of night
awakenings is well correlated with sleep duration in children
and other objective measures of sleep [20-22]. SADEH [23] found
significant correlations between parent-reported night awaken-
ings in infants over the past week, sleep duration and actigraph
measurements of movement during sleep. A measure of
persistent nocturnal awakening was created on the basis of
parent report of frequent nocturnal awakening each year over
the 3-yr period or during the first and third years after birth.
This 3-yr time period coincides with the development of adult
patterns of sleeping and circadian regulation of the HPA axis
[9, 12]. Children with frequent nocturnal awakening at age 1 yr,
but with missing values for nocturnal awakening at age 3 yrs,
were conservatively assigned to the category of no persistent
nocturnal awakening (n=134).

Current asthma at age 6 and age 14 yrs was defined using a
strict definition that required the presence of all three of the
following: ever being diagnosed with asthma by a physician;
asthma symptoms (wheeze or nocturnal cough) in the past
12 months; and current use of asthma medications (controller or
reliever drugs) [24-26]. Children in the Raine cohort meeting
this definition of current asthma are reported to have significant
deficits in lung function and greater sensitivity to the methacho-
line challenge test for bronchial hyperreactivity [24]. Atopic
asthma was defined as a positive skin test (wheal size >3 mm to
common aeroallergens) in children with current asthma.

Risk and protective factors for asthma included sex, household
income, single-parent status, total number of siblings at birth,
maternal history of asthma (recorded during pregnancy),
maternal smoking during pregnancy, maternal smoking
during the first year of life, pre-term birth (<37 weeks), low
birth weight status (<2,500 g), delivery by elective caesarian
section, maternal age <20 yrs, maternal education less than
high school, family stress during pregnancy and the postnatal
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period (using the validated life events instrument reported by
TENNANT and ANDREWS [27]), duration of exclusive breastfeed-
ing and pet ownership during the first year of life.

Crude odds ratios for current asthma at age 6 and 14 yrs, and
odds ratios adjusted for the above confounding factors were
determined from multiple logistic regression analysis, using
SAS software (SAS Institute, Cary, NC, USA). As infant and
parent co-sleeping may heighten parent awareness of sleep
interruptions, a measure of co-sleeping (sharing a bed with
parents) atage 1 yr was added to models. Separate models were
tested for male and female children. To test for reverse causation
(sleep disruption due to wheezing at night, a marker for
potential future asthma), analyses were adjusted for presence of
wheeze during the child’s sleep in each of the first 3 yrs [28].
Model results were similar for each of the years, but we only
report those with wheeze in the first year because this identified
the most children. We also re-ran models after excluding 439
children with any wheeze during the first year of life. Variables
were retained in models at the 95% level of confidence, but final
results were interpreted against a Bonferroni-corrected p-value
of 0.025 to account for multiple testing.

RESULTS

Among the 2,398 newborns in the Raine cohort study followed
at 1 yr, 39.2% of infants (mean (range) age: 14 (11-16) months)
had frequent nocturnal awakening during the first year of life.
30% of children awoke occasionally and 31% of children never
awoke during their sleep. The prevalence of frequent nocturnal
awakening decreased to 27.2% by year three (table 1). 13.6% of
all children continued to have frequent awakenings at night
during the second and third year of life. 5% of children had
new onset frequent nocturnal awakening at age 3 yrs. Children
with persistent nocturnal awakening were more likely to sleep
with parents or other family members (table 1). As estimated
by parents during follow-up visits, infants with night
awakenings slept less in later childhood than their peers.

Frequent nocturnal awakening during infancy was more
common if mothers experienced high stress during pregnancy
or if infants had a greater number of siblings (table 2). It was
less common in infants born before 37 weeks’ gestation.
Persistent nocturnal awakening was more prevalent in house-
holds with low income, money problems and high family
stress. Both first-year and persistent nocturnal awakening were
less prevalent if mothers were <20 yrs old or if they smoked
during the first year of their child’s life, and more prevalent
among infants exclusively breastfed for >6 months.

18% of children had current asthma at age 6 yrs (mean (range)
age: 5.9 (5.3-7.0) yrs). Current asthma at age 14 yrs (mean
(range) age: 14 (13-15) yrs) was present in 9.4% of children.
One third of children with asthma at age 6 yrs continued to
have asthma at age 14 yrs. 55% of children with asthma at age
6 yrs had a positive skin test, as did almost 60% of children at
age 14 yrs. Asthma at age 6 yrs was more prevalent if children
were male, born prematurely or low birth weight; if mothers
had asthma, a lower education and were <20 yrs old; and if
mothers reported stressful events during pregnancy and the
first few years of the child’s life (table 2).

The prevalence of current asthma at age 6 yrs was similar in

children with and without frequent nocturnal awakening at
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1y:\:18=5 8 Distribution and characteristics of nocturnal awakenings in infants and preschool children

All children Co-sleeping at age 1 yr Sleep less when older
n % % p-value % p-value
Frequent awakenings age 1 yr
Yes 940 39.2 40.3 <0.0001 1.7 0.005
No 1458 24.8 7.4
Frequent awakenings age 2 yrs
Yes 603 30.7 37.4 <0.0001 10.7 0.060
No 1359 26.7 7.6
Frequent awakenings age 3 yrs
Yes 615 27.7 34.8 0.009 121 0.008
No 1604 28.9 7.7
Persistent nocturnal awakenings
Yes 327 13.6 41.6 <0.0001 14.6 0.002
No 2071 29.2 8.2

age 1 yr (18%, unadjusted odds ratio in table 3). Maternal
asthma, high family stress, male sex and prematurity were
positively associated with asthma at age 6 yrs, and dog
ownership lessened the risk of asthma. Adjustment for these
factors and co-sleeping did not alter the null association
between frequent nocturnal awakening and asthma (table 3).
However, asthma prevalence at age 14 yrs was higher (11.3%)
in children with nocturnal awakening than in children without
frequent awakenings during the first year of life (8.4%; p<<0.04,
unadjusted odds ratio in table 4). Maternal asthma, cat own-
ership and wheeze during sleep were positively associated
with asthma at age 14 yrs, while single-parent status was
protective. Adjustment for these risk factors and co-sleeping
(table 4) yielded a significant association between frequent
nocturnal awakening and asthma (adjusted OR 1.42, 95% CI
1.02-1.98). However, the association became nonsignificant
when adjusted for high family stress.

Persistent nocturnal awakening was not associated with
increased risk of asthma at age 6 yrs in unadjusted associations
or following adjustment for co-sleeping, wheeze during sleep,
family stress, maternal asthma, prematurity, male sex and dog
ownership (table 3). The crude odds ratio between persistent
nocturnal awakening and asthma at age 14 was 1.66 (95% CI
1.11-2.48; table 4). Following adjustment for maternal asthma,
cat ownership and co-sleeping, the strength of the association
was unchanged (adjusted OR 1.77, 95% CI 1.12-2.67) and
remained statistically significant following further adjustment
for wheeze during sleep (adjusted OR 1.81) and for family
stress (adjusted OR 1.72).

The association with persistent nocturnal awakening was
stronger for nonatopic asthma at age 14 yrs, ranging from an
unadjusted OR of 2.04 to a fully adjusted OR of 2.18 (95% CI
1.15-4.13; table 4). This association was also seen with nonatopic
asthma at age 6 yrs (OR 1.87, 95% CI 1.08-3.25; table 3). No
associations were found with atopic asthma at either age (for
atopic asthma at age 14 yrs: OR 1.27, 95% CI 0.73-2.20).
Sensitivity analyses in which 134 children with frequent
nocturnal awakening at age 1 yr, but missing values at age
3 yrs, were excluded, yielded similar associations with asthma
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or nonatopic asthma at age 14 yrs. Finally, following the
exclusion of 439 children with any wheeze during the first year
of life, the association between persistent nocturnal awakening
and asthma at age 6 or 14 yrs also remained (tables 3 and 4). The
p-value for the association with nonatopic asthma at age 6 yrs
was improved in the sensitivity analyses. All of the sensitivity
analyses for nonatopic asthma at age 14 yrs were at a p-value
below the Bonforenni corrected value of p=0.025. There was no
association between new onset frequent nocturnal awakening
sleep at age 3 yrs and asthma development.

DISCUSSION

The results of this retrospective analysis of a community-based
cohort of children born in Western Australia in the early 1990s
document an association between parental report of frequent
nocturnal awakening in early life and nonatopic asthma in
childhood. If frequent nocturnal awakening was present in the
first year of life and continued for the following 2 yrs, the risk
of nonatopic asthma was doubled (OR 2.18, 95% CI 1.15-4.13)
at age 14 yrs. This association was independent of co-sleeping,
wheezing during the night and many well-known early life
risk factors for asthma. No association was seen between
frequent nocturnal awakening and atopic asthma. While
shorter duration of sleep has been linked to hyperactivity
disorders and obesity in children, to the best of our knowledge,
this is the first report of frequent nocturnal awakening in early
life and asthma development [4, 6, 7].

Our findings have biological plausibility. Several pro-inflam-
matory cytokines, such as interleukin (IL)-6, IL-1 and tumour
necrosis factor (TNF)-a, participate in sleep control [29-31]. Two
of these cytokines, IL-6 and TNF-o, are elevated in sleep-
deprived adults [32]. Sleep disturbances during pregnancy have
also been associated with increases in I1-6 and TNF-o [33, 34].
TNF-o has been implicated in neutrophilic inflammation in
adults with severe asthma [35]; neutrophilic airway inflamma-
tion has been observed in children with sleep apnoea [36].
Higher TNF-o serum levels are seen following viral wheeze in
infants and bronchial hyperactivity in nonatopic children [35,
37,38]. The neuropeptides adenosine and hyposecretins are also
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1y-\=18 =08 Distribution of frequent nocturnal awakenings and asthma by potential confounding factors

Frequent awakenings age 1 yr Persistent nocturnal Asthma at age 6 yrs
awakenings
% p-value % p-value % p-value
Mother was single-parent when age 1 or 3 yrs*
Yes 36.1 191 0.06 21.0
No 39.7 15.2 17.4
Household money problems when age 1 or 3 yrs*
Yes 39.8 16.6 0.01 20.6 0.030
No 37.9 125 16.7
Household income <25,000AUD when age 1 or 3 yrs*
Yes 39.5 18.4 0.02 17.3
No 39.2 1341 18.1
Mother did not complete high school
Yes 38.5 12.2 0.03 19.6 0.010
No 40.6 15.4 15.2
Stressful events during early pregnancy
Yes 45.7 0.02 175 0.05 25.8 0.001
No 38.4 13.2 174
Stressful events when age 1 or 3 yrs*
Yes 40.5 20.4 0.01 24.7 0.0001
No 38.2 14.9 16.0
Mother smoked during her pregnancy
Yes 34.2 <0.0001 12.2 0.07 20.0 0.08
No 43.1 14.9 16.9
Mother smoked when age 1 yr
Yes 32.9 <0.0001 114 0.02 20.2 0.08
No 41.9 14.8 16.9
Maternal age <20 yrs at birth
Yes 24.2 <0.0001 5.9 0.001 241 0.04
No 40.5 14.3 17.6
Male sex
Yes 39.7 141 20.9 0.0004
No 38.7 13.2 15.2
Maternal history asthma
Yes 38.9 10.7 0.08 30.4 <0.0001
No 39.3 141 16.0
Number of siblings at birth
2+ 47.9 0.03 16.6 13.5
1 415 141 20.6
0 38.1 13.3 18.0
Premature birth (<37 weeks)
Yes 3341 0.03 10.2 0.09 259 0.001
No 40.0 141 17.2
Low birth weight (<2500 g)
Yes 30.0 3.3 33813 0.04
No 39.4 13.8 17.9
Exclusive breastfeeding >6 months
Yes 44.7 <0.0001 16.4 0.003 16.0 0.08
No 36.1 121 191

Only p-values <0.10 are reported. *: for these variables, data on persistent nocturnal awakenings is given for children aged 3 yrs.

elevated during sleep deprivation [29-31]. Vasoactive intestinal
peptide (VIP) decelerates rapid eye movement (REM) and non-
REM cycles [39]. The neuropeptide VIP plays a role in T-cell
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activation [31, 40]. These connections between the nervous and
immune systems suggest a pathway for the effect of sleep on
immune function. However, the present study was not designed
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1.\:1 85 |ikelihood of asthma at age 6 yrs following frequent nocturnal awakenings at 1 yr and frequent awakenings persisting

over a 3-yr period

Asthma at age 6 yrs

AL KOZYRSKYJ ET AL.

Nonatopic asthma at age 6 yrs

Frequent nocturnal awakening At 1 yr Persistent Persistent
Subjects n 1999 1999 1365
Unadjusted OR 0.98 (0.77-1.24) 1.19 (0.87-1.62) 1.58 (0.94-2.65)
OR adjusted for ARF and co-sleeping 1.03 (0.81-1.31) 1.26 (0.92-1.74) 1.69 (1.00-2.86)
OR adjusted for ARF, co-sleeping and 1.04 (0.81-1.32) 1.31 (0.95-1.81), 1.72 (1.01-2.93),
wheeze* p<0.095 p<0.044
OR adjusted for ARF, co-sleeping, 1.02 (0.79-1.31) 1.35 (0.97-1.89), 1.87 (1.08-3.25),
wheeze* and family stress p<0.073 p<0.026
OR adjusted for ARF, co-sleeping and 1.14 (0.85-1.53) 1.51 (1.04-2.20), 2.78 (1.51-5.09),
family stress, exclude wheeze p<0.032 p<0.001

ARF: asthma risk factors. #: wheeze during sleep.

to investigate the link between nocturnal awakening in infancy
and nonatopic asthma, and cannot shed light on the underlying
biological mechanisms.

Sleep disruption not only affects the duration of sleep, but also
the stages of REM and non-REM sleep [29]. Parent estimates of
their child’s sleeping hours are highly correlated with sleep
time measured in the laboratory [22]. Objective assessments of
sleep duration, movement during sleep and night awakenings
are also correlated in infants [21, 23]. TOUCHETTE et al. [20]
reported that young children with frequent nocturnal awaken-
ing slept 1.5 h less than children without frequent awakenings.
In the same study, 10% of infants with frequent nocturnal
awakening continued to have frequent awakenings 2 yrs later.
Frequent nocturnal awakening was more likely in the presence
of co-sleeping and breastfeeding at night. It has also been
found that pre-term infants are less likely to wake at night and
that maternal smoking decreases arousability of sleeping
infants [41, 42]. The data we present here are remarkably
similar to these reports. All of our analyses were adjusted for
the presence of co-sleeping with parent. Finally, our analyses
identify the first 3 yrs of life as the critical time period for the

effects of nocturnal awakening; no associations were observed
between later onset frequent nocturnal awakening and asthma.
These findings are noteworthy because this is the period
during which infants develop adult-like sleep patterns and
diurnal variation in cortisol secretion [9, 12].

The major strength of our study is that it was not limited to a
birth cohort at high risk for asthma, but studied the effect of
sleep in a community-based birth cohort exposed to a broad
range of pregnancy and early life exposures. We used a
definition of asthma which has been previously validated [43].
Further, access to 14 yrs of longitudinal data enabled the
temporal study of the association between frequency of
nocturnal awakening in early life and two asthma phenotypes,
early school-age asthma and asthma in adolescence. Asthma
persists to adolescence in only one third of children with early
school-age wheeze; persistent asthma is more likely to be
atopic [44]. As such, the association between fragmented sleep
and asthma which we found in nonatopic children was
unexpected. However, this finding gives credence to mechan-
isms involving sleep deprivation-induced elevations in TNF-o.
Akin to our findings, HEATON et al. [37] found TNF-o

1.\:18 578 | ikelihood of asthma at age 14 yrs following frequent nocturnal awakenings at 1 yr and frequent awakenings persisting

over a 3-yr period

Asthma at age 14 yrs

Nonatopic asthma at age 14 yrs

Frequent nocturnal awakening At 1 yr Persistent Persistent
Subjects n 1693 1693 1390
Unadjusted OR 1.39 (1.01-1.93) 1.66 (1.11-2.48) 2.04 (1.11-3.73)
OR adjusted for ARF and co-sleeping 1.42 (1.02-1.97) 1.77 (1.12-2.67) 2.11 (1.14-3.90)
OR adjusted for ARF, co-sleeping and 1.42 (1.02-1.98) 1.81 (1.20-2.72), 2.24 (1.21-4.16),
wheeze* p<0.005 p<0.011
OR adjusted for ARF, co-sleeping, 1.32 (0.94-1.86) 1.72 (1.12-2.63), 2.18 (1.15-4.13),
wheeze” and family stress p<0.013 p<0.018
OR adjusted for ARF, co-sleeping and 1.30 (0.87-1.93) 1.74 (1.05-2.90), 229 (1.11-4.71),
family stress, exclude wheeze p<0.032 p<0.024

Odds ratios are presented as OR (95% Cl). ARF: asthma risk factors. #: wheeze during sleep.
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production from T-cells stimulated with both mitogen and
allergens in vitro was elevated in nonatopic children with
bronchial hyperreactivity compared with in those without
bronchial hyperactivity; no such differences were found
among atopic children. Other studies have reported that
children with nonatopic asthma are more likely to have
recurrent respiratory infections in early life and to have a
mother with bronchial hyperactivity [45, 46]. Further studies
will be required in order to determine whether an intrinsic
increase in TNF-o responses, potentially as a result of a genetic
predisposition, plays a role in the association between poor
sleep quality in early life and subsequent nonatopic asthma.

We adjusted our analyses for important confounding factors,
such as maternal history of asthma, breastfeeding and pet
exposure in early life. Frequent nocturnal awakening and
childhood asthma were more common in families with high
stress levels. Indeed, family stress explained some of the
increased risk of childhood asthma. Asthma and hay fever
symptoms, and atopic dermatitis-related pruritis, may be the
cause of disrupted sleep in cross-sectional studies of older
children [2, 18, 47, 48]. We also recognise the possibility that
reverse causation may be responsible for our findings in
infants because wheeze during infancy can cause nocturnal
awakening and is a marker for future asthma [28, 49]. For this
reason, we performed two sensitivity analyses: model adjust-
ment for wheeze during the night and exclusion of children
with any wheeze during the first year of life. Our findings were
unchanged in the sensitivity analyses, suggesting that the
sleep—asthma association was independent of infant wheeze.
In fact, the statistical significance for the association increased
for nonatopic asthma at age 6 yrs. This was a conservative
sensitivity analysis because diminished sleep due to wheeze
may well be one of the mechanisms by which early wheeze
predisposes children to later asthma.

We also need to acknowledge a number of limitations with the
present study. The first relates to the sleep measure. We did
not have access to objective information on night awakenings
and sleep duration throughout the whole year, or on causes of
sleep interruptions, such as snoring or circadian rhythm
disorders. Instead, we relied on parent report of night
awakenings in their infants for the past week. In addition,
lack of temporal data on the occurrence of wheeze versus night
awakenings made it difficult for the sensitivity analyses to
completely exclude reverse causation. Finally, data were
missing for 17% of children at 6 yrs and for 29% of children
at 14 yrs. Children with missing data were more likely to have
asthma risk factors, but these were associated with asthma in
the direction expected in study children and did not
substantially modify the crude odds ratio. In lieu of the strong
association between family stress, nocturnal awakenings and
asthma, greater exclusion of children living in high stress
families had the potential to cause selection bias. However, the
impact of differential loss to follow-up from greater exclusion
of children exposed to stress in the night awakenings group
would result in a bias towards the null rather than favouring
false associations. We deliberately used a very strict definition
of asthma, requiring the presence of a physician diagnosis of
asthma, current asthma symptoms and current use of asthma
medication [24-26]. This definition probably misclassified
children with well-controlled asthma and current symptoms
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as not having asthma, but the misclassification would also
have biased results towards the null. It is worth noting that,
while nocturnal cough was included as an asthma symptom,
no child was classified as having asthma on the basis of
nocturnal cough alone.

There is a growing body of literature linking caregiver distress
in early life and the development of asthma [50-52]. In the
present study, family stress in the post-natal period explained
some of the association between frequent nocturnal awaken-
ings during infancy and childhood asthma. Inadequate sleep is
more common among children living with parents who argue
frequently [2] and family conflict has been reported to precede
elevated cortisol levels in children [53]. Sleep deprivation in
infants is associated with higher cortisol levels the next
morning [10]. Caregiver stress in early life has been associated
with increased levels of TNF-o in infants [51]; this pro-
inflammatory cytokine is responsible for sleep control [30].
Recently, in their rat model of a neonatal stressor, FENG et al.
[54] documented decreased sleep time and increased levels of
hyposecretin in the neonate following separation from the
mother. It remains to be confirmed whether sleep deprivation
is a cause or outcome of immune system changes, but our
evidence suggests that the impact of family stress on the
infant’s developing immune system could be through its effect
on sleep.

In summary, our community-based study of children found an
increased risk of nonatopic asthma among children with
frequent nocturnal awakenings during the first 3 yrs of life.
While our findings are consistent with animal and human
studies on the biological effects of sleep deprivation, we
consider them hypothesis generating. Further systematic study
is required before a direct link between infant sleep and
childhood asthma can be made.
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