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Correlates of prone infant sleeping position by
period of birth
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Abstract
Intervention to avoid the prone sleeping
position during infancy has occurred in
various countries after evidence that it
increases the risk of sudden infant death
syndrome (SIDS). This study examined
cohort data to determine if correlates of
the prone position differed by period of
birth, before intervention (1 May 1988 to 30
April 1991) compared with after interven-
tion (1 May 1991 to 30 April 1992). The
usual prone sleeping position was more

closely associated with the following
factors after intervention: teenage mother-
hood, low maternal education, paternal
unemployment, unmarried motherhood,
non-specialist antenatal care, not reading
books to prepare for a baby, poor smoking
hygiene, and bottle feeding. For example,
the association ofusual prone position with
being unmarried shown by the odds ratio
(95% confidence interval) was 0*54 (0.47 to
0.63) in the period before intervention
and 1'92 (1.18 to 3.15) in the period after
intervention.
The alteration in correlates of the

prone position reported here provide an

example to support the theoretical
concept that well known 'modifiable' risk
factors for disease tend to be associated
with each other in both populations
and individuals. This phenomenon was

not evident in the population before
intervention, that is, before the prone
sleeping position became a well known
SIDS risk factor.
(Arch Dis Child 1995; 72: 204-208)
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The prone infant sleeping position has become
less common in various countries following
research evidence of an association with sudden
infant death syndrome (SIDS).' Health educa-
tion campaigns to reduce the prevalence of the
prone position have been followed by a decline
in SIDS and posmeonatal mortality in
Tasmania,2 Australia,34 New Zealand,5 the
Netherlands,6 and the UK.7
The Tasmanian cohort study has been used

to provide impact8 and outcome9 evaluation
of public health activities to reduce the
prevalence ofprone sleeping. The rate of SIDS
in Tasmania declined from a mean (range) of
3.4 (2 6-4-2) cases per 1000 live births in
1988-90 to 1-6 (0-9-2 3) cases during 1991

and 1992.9 A within cohort analysis found
most of the SIDS rate decline could be
attributed to changes in infant sleeping
position.9 In the cohort, 30% of infants born
between 1 May 1988 and 30 April 1991 slept
prone compared with 5% of infants born from
1 May 1991 to 30 April 1992.8 In the later
period, there was a high awareness of the
association between prone position and SIDS
(90%).8 Teenage motherhood, low maternal
education, paternal unemployment, unmarried
motherhood, non-specialist antenatal care, and
not reading books to prepare for a baby were
associated with non-awareness. Mothers who
were unaware were more likely to have babies
who usually slept prone.8

Because awareness of the association
between prone sleeping and SIDS became a de
novo antecedent ofprone sleeping position and
because the level of awareness differs by
parental and infant characteristics, it becomes
possible to examine if intervention changed the
correlates of prone position. Before health
education campaigns to promote the side or
supine infant sleeping position, we reported
that the prone position was positively cor-
related with the following characteristics in the
cohort: older maternal age, higher family
income, higher parental education levels, a
non-smoking mother, and infants who were
low birth weight, premature, or entirely breast
fed.'0 In contrast, the Plunket National Child
Health Survey in New Zealand recently
reported that prone sleeping among a 1990-1
birth cohort was significantly associated
with sociodemographic factors such as lower
maternal education, unmarried motherhood,
and lower socioeconomic status. "I

This study aimed to test the hypotheses that:
(1) the prone sleeping position had become
more closely associated with predictors of low
health education uptake after intervention
compared with before intervention and (2) the
proportion of prone sleeping infants also
exposed to conditions that potentiate the
risk of the prone position (swaddling, room
heating, illness, and bedding type'2 13) did not
differ by period of birth.

Methods
A continuing prospective cohort study was
started in 1988 to investigate the aetiology of
SIDS in Tasmania. It involves the six major
obstetric hospitals in the state and represents
approximately 93% of live births. Infants born
in these hospitals are assessed using a scoring
system to predict those at higher risk of SIDS.
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Table 1 Association of the usual prone sleeping position with factors associated with low health education* by period of
birth (for dates see text)

Before intervention After intervention p Valuet
(difference in

Factor % % association by
(reference group) No Prone OR (95% CI) No Prone OR (95% CI) period of birth)

Matemal age <20 years4 697 22-5 0-63 (0-52 to 0 77) 261 6-9 1-42 (0-82 to 2-47) 0-0069
(Matemal age a20 years) 2969 31-6 1009 5 0
Matemal education <12 yearst 2900 27-0 0 54 (0-45 to 0 63) 1057 5-5 1-16 (0-58 to 2-31) 0-0319
(Matemal education 12 years) 760 40 9 210 4-8
Patemal unemploymeni4 755 18-7 0-47 (0-38 to 0 57) 344 5-8 1-15 (0-67 to 1-97) 0-002
(Patemal employment) 2802 33-0 880 5-1
Non-married: 1417 22-3 0 54 (0-47 to 0 63) 571 7-2 1-92 (1-18 to 3-14) 0-0001
(Married) 2242 34-7 698 3 9
Singleton births* 3226 28-8 0-66 (0 54 to 0 82) 1100 5-5 1-18 (0-55 to 2 5) 0-1536
(Multiple births) 444 37-8 171 4-7
No specialist antenatal care* 1523 23-4 0-58 (0 50 to 0 67) 622 5-8 1-18 (0-72 to 1-93) 0-0062
(Specialist antenatal care) 2140 34-5 647 5 0
No books read to prepare for baby4 1870 28-6 0-88 (0-77 to 1-02) 634 7-3 2-18 (1-31 to 3 64) 0 0010
(Books read to prepare for baby) 1794 31-2 636 3-5
Matemal postnatal smoking§ 1717 25-3 0-66 (0-57 to 0 76) 586 5 0 0-86 (0-52 to 1-40) 0-3211
(No matemal postnatal smoking) 1938 33 9 680 5-7
Mother smokes in same room as infant§ 1390 23-5 0-60 (0-52 to 0 70) 440 5 9 1-17 (0-71 to 1-94) 0-0132
(Mother never smokes in same room as

infant) 2265 33-8 826 5-1
Infant formula fed (full or partial)§ 2415 26-3 0-62 (0-54 to 0 72) 821 5 9 1-34 (0-78 to 2-28) 0-0065
(Infant not formula fed (full or partial)) 1253 36-6 450 4-4

*All factors but for matemal postnatal smoking and formula feeding have been found to be significantly associated with
unawareness of the association between prone sleeping position and SIDS in the cohort.
tAssociated with Wald x2 statistic for term in logistic model for the interaction between period of birth and the factor in relation
to sleeping position. IData collected at hospital interview. §Data collected at home interview.

The development and performance of this
model is described elsewhere. 14 The infants are
given a composite score based on low maternal
age, low birth weight, season of birth, infant
sex, duration ofthe second stage of labour, and
infant feeding. Infants with a score over a
certain cut off point are eligible to join the
study. Between 1 January 1988 and 30 April
1992, 20% of infants in the cohort were born
to teenage mothers, 22% were of low birth
weight, 69% were boys, 36% were born in
March or April, and 65% of infants were bottle
fed (full or partial) at 1 month of age. All
multiple births were included in the study and
12% of study infants were in this category.
Infants with severe neonatal disease or a major
congenital anomaly, infants who would not be
resident in Tasmania at 1 month of age, and
infants for adoption were excluded from the
study.

Standard study measurements were col-
lected by research assistants in three stages.
Firstly, an interview was conducted when the
infant was 4 days old. Sociodemographic,
obstetric and perinatal data, including infor-
mation on maternal nutrition, alcohol and
smoking practice during pregnancy, were
obtained as well as birth weight, height, head
circumference, and triceps and subscapular
skinfold thickness measurements. Secondly, a
home visit took place during the fifth postnatal
week. Premature infants (-36 weeks' gesta-
tion) were seen at 40 weeks' postconceptional
age. The home visit was deferred if the infant
had not been discharged from hospital at
least two weeks previously. A comprehensive
questionnaire was administered. This
included the question, 'What position does
baby usually sleep in?' Data were also
obtained on usual sleep pattern, body move-
ment during sleep, infant illness and health
service usage, pattern and type of infant feed-
ing, parental smoking practice, infant
overnight clothing and bedding, home heating
and housing, and other characteristics of the

infant and parental care. Anthropometric and
temperature measurements were made on the
infant and a developmental assessment con-
ducted. The physical features of the house
were noted, and readings were taken for
humidity and 24 hour maximum and mini-
mum infant bedroom temperature on the day
of home visit. Thirdly, a phone interview was
conducted when the infant was 10 weeks of
age, to review progress, illness history, feed-
ing, and immunisation.
From 1 January 1988 until 30 April 1992,

6168 live born infants were eligible for inclu-
sion in the survey. This represents approxi-
mately one fifth of all live births in the state. A
total of 5925 (96%) of these eligible infants
and their mothers participated in the hospital
interview and 5403 (88%) participated in both
the hospital and home interviews.

STATISTICAL METHODS
Infants born 1 May 1988 to 30 April 1991 and
1 May 1991 to 30 April 1992 were classified
into before intervention and after intervention
birth cohorts respectively. The period of birth
classification used in this report does not
reflect a clear demarcation by a single inter-
vention. There were multiple public health
activities to reduce the prevalence of prone
sleeping. They are discussed elsewhere.8 It
does, however, delineate a date (1 May 1991)
after which cohort participants were informed
of the association between sleeping position
and SIDS. The proportion of infants sleeping
prone was examined by period of birth for
infants with the characteristics listed in table 1.
All analyses were done using SAS version
6.07. The univariate odds ratio (OR) and
corresponding 95% confidence interval (CI)
for the association between each factor and
usual prone position were calculated. Logistic
regression models15 were then built to assess if
the association between a factor and prone
position varied by period of birth. Each model
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Table 2 Proponrion ofprone infants who are also exposed to a possible effect modifier by period of birth (for dates see text)

Before intervention After intervention

Total % Ofprone Total % Ofprone
Possible effect modifier of No Prone+ infants No Prone+ infants p
prone position risk prone factor with factor prone factor with factor Value

Swaddling - infant swaddled or would be swaddled in
cold winter weather 1082 536 49-5 64 36 56-3 0-29

Natural fibre (teatree or kapok) mattress used 1088 345 31-7 68 19 27-9 0.50
Heater observed in infant's bedroom during home visit 1088 365 33-6 67 22 32-8 0-89
Sheepskin use 1080 398 36-9 64 12 18-8 0 004
Positive history of a cold by home visit 1094 369 33-7 68 23 33-8 0.99
Positive history of fever by home visit 1094 98 9 0 68 5 7-4 0-63
Positive history of vomiting by home visit 1093 217 19-9 68 19 27-9 0-15
Positive history of diarrhoea 1094 158 14-4 68 11 16-2 0 70
Thermal insulation hypothetically applied to infant on a

cold winters night in an unheated room >6 togs 1073 465 43-3 62 23 37-1 0 33
Infant has experienced a perspiration episode unrelated

to febrile illness 1096 736 67-2 68 42 61-8 0 37

consisted of a term for the putative factor,
period of birth, and an interaction term for
the putative factor and period of birth.
Postconceptional age at the home visit was also
included if data on the study factor had been
collected at home visit. The outcome term for
all models was a binary term (which was one if
the infant usually slept prone at home visit).
The effect of period of birth on the association
between the factor of interest and prone posi-
tion was based on the p value associated with
the Wald x2 test for the term in the model.15 In
a second set of models, marital status and an
interaction term for marital status and period
of birth were also included to examine the
residual effect of period of birth on the asso-
ciation between each factor and prone position
after adjustment for the confounding and
modification by marital status. The hierarchy
principle was observed for all analyses.16 The
proportion of prone sleeping infants who
were exposed to a possible effect modifier was
calculated by period of birth (table 2). A test
of two proportions17 was conducted to assess
if the proportion of jointly exposed prone
sleeping infants varied by period of birth.

Results
The association between parental and infant
factors and the prone sleeping position by
period of birth is shown in table 1. In the
before intervention cohort, respondents
who had the following characteristics were
significantly (p<005) less likely to have an
infant who usually slept prone: teenage
motherhood, low maternal education, paternal
unemployment, unmarried motherhood, sin-
gleton birth, non-specialist antenatal care,
maternal smoking, poor maternal smoking
hygiene, and bottle feeding. In the after inter-
vention cohort, however, respondents with
these characteristics were, with the exception
of maternal smoking, more likely to have
infants who usually slept prone compared with
their reference group. However, the differences
between the proportion of infants sleeping
prone in each group compared with its
reference group was larger in the before
intervention population than the population
after intervention and only two groups -
unmarried mothers and mothers who did
not read books to prepare for a baby - had a
significantly (p<0 05) higher proportion of

prone sleeping infants compared with their ref-
erence groups in the period after intervention.

Logistic regression modelling was used to
examine the effect of intervention on the rela-
tionship of these variables to sleeping position
after adjustment for marital status. Unmarried
mothers were less likely (OR=0-54; 95%
CI 0-47 to 063) to place their infants
prone before intervention and more likely
(OR=1-92; 95% CI 1l18 to 3-14) to place
infants prone after intervention compared with
married mothers. After adjustment for marital
status, it was found that period of birth no
longer significantly altered the association
between the prone sleeping position and
maternal education, maternal age, maternal
postnatal smoking or smoking hygiene, or
paternal unemployment. The effect of period
of birth on the association between bottle
feeding or reading books to prepare for a baby
and prone sleeping position did, however,
remain significant with p values of 0-048 and
0-002 respectively.
The dramatic reduction in the prevalence of

the prone position was, as one would expect,
accompanied by a reduction in the proportion
of infants who were jointly exposed to this
position and various conditions which
potentiate SIDS risk in the prone position.
Therefore, to examine if the distribution of
effect modifiers within the prone sleeping
sample differed by period of birth, the propor-
tion of prone infants who were also exposed to
a possible effect modifier was examined by
period of birth. The proportion of prone
infants who also slept on sheepskins or would
sleep on infant sheepskins in cold winter
weather significantly decreased after inter-
vention (table 2). There was no significant
change in the proportion of prone infants
who were also jointly exposed to the following
possible effect modifiers - natural fibre
mattresses, swaddling, observed infant room
heating device, heavy hypothetical thermal
insulation during cold winter weather, per-
spiration episodes, or a history of illness
in terms of fever, upper respiratory tract
infection, vomiting, or diarrhoea (table 2).

Discussion
We examined the correlates of the usual prone
position in two birth cohorts, representing
infants who were born before and after
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intervention to reduce the prevalence of the
prone sleeping position. The period of birth
classification used in this report does not
reflect a clear demarcation by a single interven-
tion There were multiple public health activi-
ties to reduce the prevalence of the prone
sleeping position. It does, however, delineate a
date (1 May 1991) after which cohort partici-
pants were informed of the association
between sleeping position and SIDS.

In the before intervention cohort, the prone
position was less commonly found among
infants born to mothers with characteristics
associated with a lower health education
uptake (table 1). In the after intervention
population, these characteristics had become
significantly more closely associated with the
prone sleeping position. The proportion of
prone infants who were jointly exposed to a
possible risk potentiator of the prone position
did not vary significantly by period of birth
with the exception of the percentage of prone
infants with exposure to underlying sheepskin,
which was reduced in the latter time period.
The difference in the proportion of infants

sleeping prone between subjects with a low
health education uptake characteristic and
their reference group was less marked after
than before intervention. We have previously
reported that the most common reason stated
for babies usually sleeping prone was that
babies slept better or were more comfortable
or content in this position.8 Thus, it appears
that the predictors of choosing the prone posi-
tion for infants lie in their behaviour, as well as
in the sociodemographic characteristics of
their parents. The residual group of prone
infants after intervention are likely to include
those with such behaviour. These results
suggest that health education activities, rather
than concentrating only on population sub-
groups such as teenage mothers, should also
focus on the use of appropriate methods to
settle an infant without resorting to the prone
position.

Research findings on possible effect
modifiers of the prone position have only
recently been published,'2 13 18 SO it is not
surprising that the proportion of prone infants
who were also exposed to a possible effect
modifier was not changed by intervention
in 1991. Our findings suggest that the com-
ponent of the recent SIDS rate drop in the
cohort2 due to a reduction in the joint exposure
of prone infants to other possible effect
modifiers is small. A substantial proportion of
sleeping infants were jointly exposed to a
potential risk potentiator of the prone position
in the period after intervention. Thus, a further
aim of health education in this area should be
to inform the minority of parents who are
instructed to place their infants prone for
medical reasons to avoid risk potentiators such
as soft natural fibre mattresses.

This report found that the constellation of
confounders of the association between prone
position and SIDS changed by period of birth.
For example, young maternal age is a risk
factor for SIDS. Before intervention, young
mothers were less likely to have prone sleeping

infants. Thus young maternal age would have
acted as a positive confounder in this popula-
tion, acting to move the unadjusted relative
risk toward unity. However, in the cohort after
intervention, teenage motherhood was more
closely associated with the prone sleeping
position. This change would result in moving
the unadjusted relative risk for prone position
away from unity. Several of the factors listed in
table 1 have been shown to increase SIDS risk.
It follows that the residual group of prone
sleeping infants after intervention are more
likely to have other sufficient causes19 for
SIDS. Thus one would expect the documented
change in constellation of confounders to lead
to an increase in the unadjusted level of risk,
whether relative or absolute, measured for
prone infants in the latter time period.
The alteration in correlates of the prone

position that we report reinforces the theo-
retical concept that well known, 'modifiable'
risk factors for disease tend to be associated
with each other on a population and individual
level. This phenomenon is also evident from
the recent New Zealand national data, where
the significant sociodemographic associations
with prone sleeping have all been noted as
independent risk factors for SIDS in various
studies. 1 1

In conclusion, we have documented changes
in correlates of the usual prone sleeping posi-
tion after intervention to reduce the prevalence
of the prone sleeping position among cohort
infants. It is important to be aware of these
changes to understand the risk level of SIDS
of prone sleeping infants after intervention
and for the planning of SIDS education
programmes.
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