GENDER AND INFANT AROUSABILITY

Sleeping Like a Baby—Does Gender Influence Infant Arousability?
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Introduction: Victims of the sudden infant death syndrome (SIDS) may have preexisting abnormalities in their arousal pathways, inhibiting the
progression of subcortical activation (SCA) to full cortical arousal (CA). Approximately 60% of SIDS victims are male, and it has been suggested
that male infants have delayed cortical maturation compared to females. We hypothesized that CA frequency would be lower and CA threshold
would be higher in male infants during both active (AS) and quiet (QS) sleep.

Methods: 50 healthy term infants (21 male, 29 female) were studied with daytime polysomnography at 2-4 weeks and 2-3 months after birth.
Arousal from sleep was induced using a pulsatile air-jet to the nostrils at increasing pressures.

Results: At 2—4 weeks, arousability from AS was similar in males and females, however during QS, male infants required a lower stimulus to induce
SCA and CA. This gender difference in arousal threshold was not observed at 2-3 months. CA frequencies were similar between genders during
both sleep states at both ages, though overall, CA was more frequent in AS than in QS.

Conclusions: This study demonstrated that at 2—4 weeks, male infants were easier to arouse than female infants during QS. There were no signifi-
cant effects of gender on total arousability or SCA and CA frequencies at 2-3 months, the age of peak SIDS incidence. Thus, although male infants
are at greater risk of SIDS than female infants, this difference is unlikely to be associated with gender differences in CA threshold or frequency.
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SUDDEN INFANT DEATH SYNDROME (SIDS) REMAINS
A LEADING CAUSE OF INFANT MORTALITY IN DEVEL-
OPED COUNTRIES, WITH AN INCREASING NUMBER
of deaths attributed to SIDS over recent years.'? Although the
exact causal mechanisms remain an enigma, it is commonly
thought that the final event of SIDS involves failed or impaired
arousal from sleep in response to a life-threatening cardiore-
spiratory challenge.’* In support of this proposal, postmortem
examinations of SIDS victims have revealed pathological evi-
dence that prolonged or intermittent hypoxia may have preced-
ed death.®’ In further support of the failed arousal hypothesis,
other studies have identified abnormalities in the brainstem of
SIDS victims. These include disturbances in cholinergic and
serotonergic (5-HT) systems,*® as well as structural abnormali-
ties in medullary nuclei associated with the central control of
respiratory and circulatory defensive responses and sleep/wake
states.'%!!

The infant arousal response is considered to be hierarchical
in nature, consisting of subcortical or “brainstem” responses
such as heart rate, respiratory, and behavioral changes that oc-
cur without disturbing sleep integrity, and those which prog-
ress to cortical activation with or without a full awakening.'>!?
Physiological evidence suggests that despite appearing normal
and apparently well prior to their deaths, SIDS victims may
have had a functional deficit in the arousal process that in-
hibited the progression of subcortical activation (SCA) to full
cortical arousal (CA).'*!* Furthermore, as previously shown in
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healthy infants, exposure to the major risk factors for SIDS,
prone sleeping and maternal smoking, modifies the progression
of stimulus-induced arousal processes from SCA to CA.'0!
Possibly, an inhibited progression of SCA to CA may provide
a marker of an infant at increased likelihood of succumbing
to SIDS, envisaged by Filiano and Kinney in their triple risk
model for SIDS as the “vulnerable infant.”'®

Approximately 60% of SIDS victims are male, and this
increased prevalence of SIDS in male infants has been dem-
onstrated consistently throughout the world.>'*?? Inherent gen-
der differences have been identified in the medullae of SIDS
victims, including increased apoptotic neuronal cell death and
decreased 5-HT |, receptor binding in male infants that may
lead to altered arousal pathways and increased vulnerability to
SIDS.*!" Maturation of the central nervous system and cortical
function occurs more slowly in male infants*; but it remains
uncertain whether there are specific gender differences in the
arousal process. We hypothesized that CA responses would be
impaired in male infants when compared with female infants,
contributing to the increased risk of SIDS in males. To test this
hypothesis we evaluated induced arousal responses from active
(AS) and quiet (QS) sleep in male and female infants, with a
focus on the progression from SCA to CA.

METHODS

Ethical approval for this project was obtained from the
Southern Health and Monash University Human Research Eth-
ics Committees. Participation was voluntary, with no monetary
incentive provided. Written informed parental consent was ob-
tained prior to study commencement.

Participants

A total of 50 healthy infants were studied at 2—4 weeks and 2-3
months postnatal age. As shown by the demographic information
in Table 1, all male (n = 21) and female (n = 29) infants were
born at term and were of similar birth weights. Subject inclusion
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Table 1—Infant demographics (mean + SEM)

Birth 2-4 weeks 2-3 months
Male 21 20 17
Infants, n Female 29 28 29
Male 398+02wk 22+1d 79+2d
Age Female 39.6+02wk 24+1d 78+2d
, Male 3505+106 3996+ 136 6027 +200
Weight, g corale 3465476  3935+97 5213 154*

Asterisk represents significant difference between male and female
infants (P < 0.05).

criteria controlled for known SIDS risk factors in that none of the
mothers smoked during pregnancy, infants were predominantly
breast fed and were all routinely placed supine to sleep at home.

Study Protocol

Daytime polysomnography was performed in a sleep labora-
tory where light and noise were minimal and ambient tempera-
ture was maintained at approximately 23°C. During a routine
morning feed, leads were attached for the measurement of
electroencephalogram (EEG), left and right electrooculogram,
mental-submental electromyogram (EMQ), electrocardiogram,
abdominal skin temperature (Y SI 400 Series Thermistor, Mall-
inckrodt, Melbourne, VIC, Australia), thoracic and abdominal
breathing movements (Piezo-electric sensors, Resp-ez, EPM
Systems, VA, USA), and blood oxygen saturation (SpO,; BIOX
3700¢ pulse oximeter, Ohmeda, CO, USA). Signals were re-
corded with a 16-channel polygraph (Model 78A, Grass Instru-
ment Co., Quincy, MA, USA) at a sampling rate of 500 Hz.

Infants were placed supine in a bassinet to sleep. During both
AS and QS (scored according to standard criteria**), a series of
trigeminal stimuli were used to assess infant arousability as previ-
ously described.” Briefly, a pulsatile jet of air (pulse frequency of
3 Hz, for 5s duration) was delivered via a hand-held cannula, to
the left and right nostrils alternately. Stimulus driving pressures
ranged between 25 to 900 cm H,O (the pressure applied to the in-
fant was much less, being a maximum of 1.4 cm H,O); beginning
low (50 cm H,0), pressures were generally increased by 100 cm
H,O between consecutive stimuli, until an arousal response was
observed and pressures were then subsequently reduced.

Data Analysis

Responses to each stimulus were classified as either non-
arousal, SCA, or CA, in accordance with the standard defini-
tions for infant arousal from sleep.!* With the preceding 10s
as the physiological baseline, SCA was identified by the pres-
ence of > 2 of the following criteria within 7s of initiating the
air-jet; a gross body movement, a heart rate (HR) increase >
10%, an increased EMG amplitude (AS only), and a change in
respiratory frequency or amplitude (QS only). CA was visually
scored using the same criteria, with the addition of a shift in
background EEG frequency (EEG desynchronization) for > 3s.

The percentages of stimuli which resulted in a non-arousal,
as well as the mean driving pressure required to elicit an arousal
response (either SCA or CA), were calculated to assess total
arousability. In a more detailed investigation of the arousal pro-
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Table 2—Arousal responses to air-jet stimuli in male and female infants
(data represented as mean + SEM)

2-4 weeks 2-3 months
Active  Quiet Active  Quiet
Sleep  Sleep Sleep  Sleep
o Male 21+2 18%2 19+3 20+2
Total Stimuli, n - pocle 2112 19+2  12£1% 1942
Arousal Thresho|d, Male 206 +22 242 +27* 136+ 21 294 + 39*
cmH,0 Female 182+15 357 £37* 103 £12 336 + 35*
Male 59+2 61+4 54+3 633
Non-arousals, %  roale 50+2 65:3  48+3  65+3
SCA. % Male 26+2 34+4 33+4 3M1x3
’ Female 28+2 29+3 37+4 273
CA % Male 15%2 5+1*  12+3 61
’ Female 13%2 6+ 1* 15+£2 7+2¢

Symbols represent significant differences; *P < 0.05 male vs. female,
P <0.05AS vs. QS.
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cess, SCA and CA were then analyzed as separate components
of the arousal response. SCA and CA were also analyzed as per-
centages of total arousal responses, excluding the non-arousing
tests, to control for any differences in total arousability. In ad-
dition, as an indication of the magnitude of these responses,
the peak HR change recorded during both forms of arousal,
and the duration of EEG desynchronization associated with CA
were also measured. Individual infants were represented by a
single average value of each parameter for each sleep state (AS
and QS) at each study age. To determine the effects of sleep
state and gender on baseline (HR and respiratory frequency)
and arousal parameters, data were first tested for normality and
equal variance (Sigmastat 3.0, Systat Software Inc., Richmond,
CA, USA), then compared using 2-way analysis of variance
(ANOVA) with Student Newman-Keuls post hoc analysis. Sta-
tistical significance was considered as P < 0.05 and data are
presented as mean =+ standard error of the mean (SEM).

RESULTS

Infant numbers, ages and weights for each study are dis-
played in Table 1. Due to technical complications or infants
being unavailable for either one of the two study ages, 6 in-
fants were not studied longitudinally; data were missing for
1 male and 1 female at 2-4 weeks, and for 4 male infants at
2-3 months. Demographics were similar for male and female
infants, though male infants were heavier at 2—-3 months (P <
0.05). As shown by Table 2, the total number of air-jet stimuli
was similar between genders and sleep states, with the one ex-
ception being fewer tests performed during AS in female in-
fants at 2-3 months (P < 0.05).

Total Arousability

Responses to air-jet

The % of air-jet stimuli which failed to induce arousal from
sleep were not different between males and females or between
AS and QS at 2—4 weeks. When infants were 2—-3 months, there
were no significant effects of gender on the % of non-arousing

Effects of Gender on Infant Arousability—Richardson et al




A 2-4 weeks
500 -
o,
I 400
5
° 300
2 200
o
Z 100
E
I
B
500 - 2-3 months
o,
T 400~
s — %
£ 3004 I -
N N
o 200
2 -
2 100
s
u -4
SCA CA
Figure 1—Mean driving pressures of air-jet stimuli which induced
subcortical activation (SCA) and cortical arousals (CA) at (A) 2-4 weeks
and (B) 2-3 months, in AS (solid bars) and QS (striped bars), for male
(black bars) and female (grey bars) infants. *P < 0.05, male vs. female,
#P < (.05, AS vs. QS.

air-jet tests. QS was associated with more frequent non-arous-
al responses (i.e. decreased arousability) than AS (ANOVA,
P < 0.001); this difference was identified as significant only in
the female infants after post hoc analysis (P < 0.001, Table 2).

Stimulus intensity

At both ages studied, the mean driving pressures which led
to an arousal from sleep (either SCA or CA thresholds) were
significantly higher during QS (P < 0.001), being generally
more than doubled (Table 2); however in the male infants at 2—4
weeks, there was no QS-related increase. Consequently, when
compared with the female infants, the QS arousal threshold was
lower in males (P < 0.01).

SCA and CA

Arousal frequency

SCA and CA frequencies were analyzed both as percentages
of total stimuli and total arousal responses; the results were the
same for both methods, hence only the percentages of stimuli
which resulted in SCA and CA are displayed in Table 2. Neither
sleep state nor gender had any significant effects on the percent-
age of SCA at either age. Similarly, CA frequencies were not
different between genders. However, a decreased frequency of
CA was associated with QS compared with AS at both study
ages (P < 0.001), this just failed to reach significance in the
male infants at 2-3 months (P = 0.06).

Stimulus intensity
The air-jet driving pressures which induced SCA and CA are
displayed in Figure 1. For both SCA and CA, arousing stimulus
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Figure 2—(A) Baseline HR data and (B) % HR change during arousal
from sleep at 2-4 weeks and (C) at 2-3 months. Data are shown for male
(black bars) and female (grey bars) infants, during both AS (solid bars)
and QS (striped bars). *P < 0.05, male vs. female, *P < 0.05, AS vs. QS.

pressures did not differ between genders; however a significant
gender-sleep state interaction was observed for CA thresholds
at 24 weeks whereby male infants were more easily aroused
(i.e. at lower pressures) from QS than females (P < 0.05). Similar
trends for the males to exhibit lower arousal thresholds were also
evident during QS, for SCA at 2—4 wecks and CA at 2—3 months.

At both study ages, for both SCA and CA, infants required
higher stimulus pressures to arouse during QS than AS (ANO-
VA, P <0.001). However at 2—4 weeks, this sleep state effect
was only significant in the female infants, with males exhibiting
similar arousal thresholds during the two sleep states (P > 0.05,
Figure 1A). At 2-3 months, SCA-inducing pressures were sig-
nificantly lower during AS than QS for both genders (P < 0.01,
Figure 1B). This sleep-state difference was also observed in the
air-jet pressures which induced CA, though significance in post
hoc analysis was confined to the female infants (P < 0.05).

Magnitude of Responses

Heart rate

Figure 2 shows baseline HR values and the peak HR changes
observed during SCA and CA. There were no effects of gender
or sleep state on baseline HR (Figure 2A) or peak HR change
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(Figure 2B and C) during CA at either postnatal age. At 2—4
weeks, HR changes associated with SCA were reduced during
QS when compared with AS in female infants only (P < 0.05,
Figure 2B), and also tended to be reduced when compared with
male infants in QS. A similar trend for smaller HR responses in
the female infants was observed at 2-3 months, although this
was significant for SCA only during QS (P < 0.05, Figure 2C).

EEG desynchronization

The mean durations of EEG desynchronization associated
with CA were 11.1 + 0.8s at 2—4 weeks and 9.4 + 0.8s at 2-3
months, and were not different between sleep states or between
male and female infants.

DISCUSSION

Increased vulnerability of the male gender to SIDS and nu-
merous other morbidities has been well-documented,?*3° with
this general “male disadvantage” perhaps resulting from physi-
ological gender differences during development.’' Given the
widely proposed relationship between impaired arousability
and SIDS,*!* we aimed to comprehensively investigate the ef-
fects of gender on arousal from sleep processes, accounting for
the progression of SCA to full CA. We demonstrated that at
2-4 weeks postnatal age, male infants were more easily aroused
from QS than female infants, i.e. a smaller stimulus was re-
quired to induce both SCA and CA. However, this gender dif-
ference in arousal threshold was not observed at 2—3 months
postnatal age, the age of peak SIDS risk.

Our finding that female infants appeared to sleep more
soundly than male infants is consistent with previous reports
of increased sleep disruption in male versus female infants;
specifically, the maternal perception of their infant’s sleep pat-
terns have included more problematic crying and increased
night awakenings in male infants.’*** Similarly, another study
observed shorter sleep periods at night in male infants and sug-
gested that, throughout the first six months of age, the normal
development of sleeping rhythms is delayed in males when
compared with female infants.* In addition to the development
of circadian rhythms and sleep architecture, EEG patterns also
undergo dramatic maturational changes throughout the first
months of life. These EEG changes are particularly prominent
during QS and reflect the occurrence of precise synaptogenesis
and the formation of thalamocortical and intracortical connec-
tions important in sensory input and arousal.® In the present
study, the gender difference in arousal thresholds was only ob-
served during QS, not in AS. Thus, the male infants exhibited
an increased level of arousability in QS that was comparable
to that in AS, not reduced arousability as exhibited by female
infants. In addition, our cardiovascular analysis revealed that
HR acceleration during arousals tended to be larger in the males
compared with their female counterparts. Similarly, a previous
study by Nagy et al. reported increased HR reactivity to the
Moro (startle) reflex in males.* It is possible that male infants
arouse more readily to external stimuli that are suppressed in
female infants. It may be that thalamic and extrathalamic pro-
cesses which serve to filter coincident stimuli may be immature
or underdeveloped when compared with female infants at the
same age. The view that central nervous system maturation is
delayed in male infants is further supported by our finding that
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the male-related decrease in induced arousal thresholds for both
SCA and CA during QS was apparent at the younger age of 2—4
weeks, but not observed at 2—3 months.

In contrast to our current findings, a previous study in our
laboratory identified no significant differences between male
and female infants when arousal thresholds were compared
throughout the first six months of life.** We ascribe the dispar-
ity in results between these two studies to the refinement of
standard criteria for defining arousal responses."* Importantly,
by distinguishing between SCA and CA, the present study rep-
resents a more sensitive approach than the earlier study which
examined total arousability.

Impairment of arousal processes is considered to be an im-
portant factor in the pathogenesis of SIDS and the greater risk
of male infants succumbing to SIDS has been well documented
over the years.>'*?' Despite observing gender effects on the
strength of the stimulus required to elicit arousal responses, our
examination of the relative frequencies of SCA and CA revealed
no significant differences between male and female infants,
either in relation to sleep state or postnatal age. This finding
was not predicted by our starting hypothesis that male infants
have inhibited CA responses when compared to female infants.
We reasoned that if arousal progression from SCA to CA was
compromised, there would be a decreased CA frequency and
an increased SCA frequency, similar to the response patterns
documented in SIDS victims preceding their deaths.' Rather,
in the present study SCA and CA frequencies were not different
between male and female infants. Furthermore, the duration of
EEG desynchronization associated with CA was also similar.
Together, these findings suggest that once initiated, the arousal
process is unchanged by gender. Thus, while the gender-related
arousal threshold differences may be significant, there are no
gender differences in arousal progression from SCA to CA that
could increase the vulnerability of male infants to SIDS.

In the present study, approximately 60% of air-jet stimuli
failed to induce an arousal response (Table 2). Rather than a
physiological phenomenon, this high percentage of non-arousal
responses is a reflection of the stepwise nature of the stimulus
protocol. In each series of tests, air-jet stimulation commenced
at a low driving pressure of 50 cm H,O and was gradually in-
creased in intensity until an arousal response was observed.
Subsequent stimuli pressures were adjusted to surround infants’
arousal thresholds, thus it was expected that at least 50% of
stimuli would result in a non-arousal. It is also important to
note that when these non-arousing tests were excluded from
data analyses, the effects of gender and sleep state on SCA and
CA frequencies remained identical.

The absence of blunted arousal processes in the healthy male
infants of this present study suggests that the gender-related vul-
nerability to SIDS is not a preexisting condition; however, we
have previously demonstrated that infant arousal processes can
be modified by external factors such as the major risk factors
for SIDS—prone sleeping and maternal smoking.'®!” Although
the increased incidence of SIDS observed in male infants may
not be due to a preexisting vulnerability, it is perhaps a second-
ary effect of the infants’ environment or situation, i.e. the gen-
der effect may be a result of an “exogenous stress” or trigger, as
postulated by the triple risk model for SIDS.'"® An earlier study
in the Netherlands found that more males were being placed
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prone to sleep than females, though authors offered no explana-
tion for the phenomenon.’” As previously stated, male infants
are perceived to be more unsettled than female infants*>* and
studies have shown that excessive crying is one of the primary
reasons parents and other caregivers report for placing infants
to sleep in the prone position.*® Consequently, a higher preva-
lence of prone sleeping as a settling technique may contribute
to the increased SIDS rates in males.'”’

Our study also investigated the effects of sleep state on
arousal progression, as AS and QS are physiologically distinct,
and in relation to SIDS risk, researchers have yet to identify
in which sleep state infants may be more vulnerable. Respi-
ratory and cardiovascular irregularities occur more frequently
during AS, perhaps necessitating an adequate arousal response
for maintaining homeostasis. On the other hand, arousability is
already depressed during QS,* which may pose an increased
risk, despite the cardiorespiratory stability of this state. By con-
sidering both SCA and CA, the present study adds to previous
observations of the more arousable nature of infants during AS;
overall, non-arousals occurred less frequently and CA more
frequently in AS than in QS. The frequencies of induced SCA
responses were consistent between both AS and QS, providing
support for the single previous study which found no sleep state
differences on spontaneous SCA until infants were 5—6 months
of age.*

CONCLUSION

At 2-4 weeks, male infants are more easily aroused than
female infants, though we observed no significant effects of
gender on total arousability or SCA and CA frequencies at
2-3 months, the age of peak SIDS incidence. Thus, although
male infants are at greater risk of SIDS than female infants, it
is unlikely that this increased vulnerability is caused by a pre-
existing inhibition of CA processes; however we speculate that
male infants may be more susceptible to being placed in at-risk
situations.

ABBREVIATIONS
SIDS, sudden infant death syndrome
AS, active sleep
QS, quiet sleep
SCA, subcortical activation
CA, cortical arousal
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