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Aims: To investigate the influence of analytical design on the variability of published results in studies of
sudden infant death syndrome (SIDS).
Methods: The results of a prospective case-control study, of 203 cases of SIDS, and 622 control infants are
presented. All variables significant on univariate analysis were included in a multivariate model analysed
in nine stages, starting with sociodemographic variables, then sequentially and cumulatively adding
variables relating to pregnancy history, current pregnancy, birth, the interval from birth to the week prior
to death, the last week, the last 48 hours, and the last sleep period. A ninth stage was created by adding
placed to sleep prone for the last sleep period.
Results: As additional variables are added, previously published SIDS risk factors emerged such as social
deprivation, young maternal age, >3 previous live births, maternal smoking and drinking, urinary tract
infection in pregnancy, reduced birth weight, and the infant having an illness, regurgitation, being sweaty,
or a history of crying/colic in the interval from birth to the week before death, with co-sleeping and the
lack of regular soother use important in the last sleep period. As the model progressed through stages 1–9,
many significant variables became non-significant (social deprivation, young maternal age, maternal
smoking and drinking) and in stage 9 the addition of placed to sleep prone for the last sleep period caused
>3 previous live births and a reduced birth weight to become significant.
Conclusion: The variables found to be significant in a case-control study, depend on what is included in a
multivariate model.

T
here is considerable interest in developing infant care
guidelines for parents following the success of the ‘‘back
to sleep’’ campaigns urging the adoption of the back

sleeping position for infants and the associated reduction in
sudden infant death syndrome (SIDS) rates in many western
countries.1 2 While there has been a consistent association
between the prone sleeping position, cigarette smoking, and
overheating/over-wrapping and an increased risk of SIDS,3 4

other associations have been less consistent. Contradictory,
or complex, messages have been published relating to a
variety of parenting practices including co-sleeping, parental
alcohol use, soother use, the use of ‘‘unsafe’’ sleep surfaces,
allowing infants heads to be covered, parental tiredness,
recent respiratory/viral illness, and SIDS.4–7 A recent study
found that while there was not an increased risk of SIDS at
weekends, a highly significant weekend excess emerged
when SIDS rates were linked to poor maternal educational
achievement.8 While population differences may explain
some of this heterogeneity, differences in analytical method-
ology need to be considered also.9 The purposes of this study
were to identify variables increasing the risk of SIDS in an
Irish population and to show the effect on significant
variables of including other variables in the analysis.

METHODS
The data presented are the results of a five year prospective
case-control study of infants dying from SIDS in the Republic
of Ireland between January 1994 and December 1998.
Sudden infant death syndrome was defined as the sudden
death of an infant which was unexpected by history and
where a thorough postmortem examination failed to show an
adequate cause of death. The diagnosis of SIDS was accepted
when this diagnosis was used on the death certificate. A
postmortem examination is mandatory in all cases of sudden
unexpected death in Ireland with the coroner directing an
experienced pathologist to conduct a postmortem examina-
tion to establish a cause of death. A control group of families

was picked randomly from the birth register with matching
for the date of birth and geographical location of the SIDS
case. Four control infants were picked for each SIDS case and
both groups were invited by letter to participate in a home
interview to collect information on sociodemographics,
pregnancy, the infant’s medical history, the home environ-
ment, current parenting practice, and details of the events
surrounding the infants last 48 hours, last sleep period, and
death in the SIDS cases. The parents were interviewed in
their homes within six weeks of their infant’s death (the
average age of cases at time of death was 15.7 weeks); the
average age of control infants at interview was 21.6 weeks.
Death certificates were made available by the central
statistics office, facilitated by the Department of Health and
Children, allowing complete ascertainment of cases.

Conditional logistic regression was used, to investigate
differences between cases and controls with respect to a
number of potential risk factors using the statistical package
Stata version 6. Odds ratios, 95% confidence intervals, and
p values were calculated to express results and are presented
in table 1. A temporal multivariate model of analysis was
carried out using an additive stepped approach. Variables
were grouped into time determined stages starting with pre-
pregnancy variables (stage 1), and progressing through
history of prior pregnancies (stage 2), variables related to
the current pregnancy (stage 3), birth related variables (stage
4), post-delivery issues (stage 5), the week prior to death
(stage 6), the 48 hours before death (stage 7), and the last
sleep period (stage 8). A ninth stage was created by adding
the additional variable of infants placed prone in the last
sleep period. Each variable was introduced into the analysis
in the sequence in which it was likely to occur. All variables

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: SIDS, sudden infant death syndrome; UTI, urinary tract
infection
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included in the multivariate analysis were significant at the
univariate level, except medication in the week prior to death
which we felt was an important marker of potential illness
prior to death. All variables significant in univariate analysis
were included in the multivariate model. The odds ratios, and
associated confidence intervals and standard errors, obtained
for a particular variable in a multiple logistic regression, are
dependent on the other variables included in the model. A
high correlation between two variables will result in
substantial co-linearity problems in a multivariate model
which will in turn result in an unstable outcome. The large
standard errors achieved as a result along with small sample
sizes for some variables may render some potentially
important variables non-significant. The presentation of
results in a stepwise fashion avoids masking the importance
of individual variables which may occur when only the full
complement of variables is presented (stage 9). The data set
was also analysed using an alternative stepwise deletion
procedure which involved the removal of non-significant
variables. Variables were removed singly from the model,
starting with the least significant—that is, the one with the
highest p value (providing it was not less than 0.05), until all
remaining variables were significant at p,0.05. The collec-
tion of variables identified as being statistically important
using this alternative approach were the same as those
derived in the method presented in the paper.

A social disadvantage index, scoring 0–5 (5, most
deprived), was devised by adding a score of 1 for each of
the following: having a medical card (a low income based
free health service entitlement), being in public rented
accommodation, not having a car, household unemployment
(both parents unemployed), and mother on social welfare.
The z scores for weight by gestation variable (multiples of
standard deviations from the normal mean) was created by
relating the birth weight of each baby to controls of similar
gestation and included as a continuous variable. Computer
generated norms compiled in the UK were used since norms
for Ireland were not available and were adjusted for the
effects of gender and parity on birth weight.10 The section on
‘‘after birth’’ issues are yes/no answers to open ended
questions: was your baby ill, prone to sweating or regurgita-
tion, feeding problems, or problems with crying or colic. In
the ‘‘last week’’ section medication refers to any medication
usage, both prescribed and non-prescribed. Co-sleeping was
defined as an infant sharing a bed/sofa/armchair with
parent(s)/relative). Data were not provided for every variable
in each case and this accounts for the variation in proportions
of subjects from one variable to the next. Data may be
accepted as missing at random.

RESULTS
A total of 203 SIDS cases and 622 control infants formed this
study. From a total of 250 SIDS families, 81% of parents
agreed to take part in the study. An average of three control
families per case were included, and agreed to participate,
resulting in a response rate of 77%. Table 1 presents the
results. In stage 1 (sociodemographic variables), although
maternal age, marital status (single, separated, or widowed)
and education (lack of 3rd level) were significant at
univariate level, only maternal marital status remains
significant at the multivariate level. Social disadvantage
remains significant when maternal age, marital status, and
education are controlled for, with those parents scoring 3–5
(most deprived) being six times more likely to have SIDS
cases compared to those scoring 0–2 (most advantaged) in
the social disadvantage index.

In stage 2, pregnancy history is added to the model with
social disadvantage and maternal marital status remaining
significant. Mothers with three or more previous live births

are 2.38 times more likely to have SIDS cases than those who
had less than three previous live births.

In stage 3, current pregnancy related variables are added to
the model, and while social deprivation remains significant,
the odds ratio is reduced from 5.26 to 3.52 and maternal
marital status is no longer a significant factor. All of the
previously significant pregnancy related variables remain
significant when previous history and social demographic
variables are controlled for. Mothers who smoke ,10
cigarettes per day are 2.82 times more likely than non-
smokers to have SIDS cases, while those who smoke 10 or
more cigarettes per day are four times more likely than non-
smokers to have SIDS cases. Both maternal alcohol con-
sumption (OR 1.77) and a self reported history of urinary
tract infection during pregnancy (OR 3.22) are significant.

In stage 4, birth related issues are added and maternal
smoking, social disadvantage, and urinary tract infection
(UTI) in pregnancy remain significant; however, maternal
drinking during pregnancy is no longer significant. The odds
ratio for social disadvantage is reduced to 2.76. None of the
six variables introduced at this stage are significant when
adjusted for the effects of sociodemographic and pregnancy
related variables.

Adding postnatal variables (stage 5) shows social dis-
advantage, maternal smoking (.10 cigarettes per day), and
UTI in pregnancy to be significant variables, with smoking
,10 cigarettes losing significance. UTI in pregnancy (OR
6.39) and social disadvantage (OR 4.13) remain significant.
Other significant variables are the baby being ill (OR 5.38),
prone to sweating (OR 3.87), regurgitation (OR 2.85), and
experiencing problems with crying/colic (OR 3.12).

In stage 6, social disadvantage, maternal smoking (both
,10, and 10+ with a dose-response effect) UTI during
pregnancy, the baby being ill, prone to sweating, and having
crying/colic problems but not regurgitation, remain signifi-
cant, although a visit to the GP, or medication usage were
not. The strength of the association between UTI in
pregnancy and SIDS is increased further by the addition of
these variables (OR 9.94).

In stage 7, none of the newly added variables achieved
significance. The previously significant risk factors remain so
at this stage of the analysis with the exception of maternal
smoking ,10 cigarettes per day. The odds ratio for UTI in
pregnancy is now reduced to 8.04 and that of maternal
smoking more than 10 cigarettes per day is reduced from 7.15
to 4.57. Social disadvantage is unchanged (OR 3.59, from
3.69) whilst the odds ratio for baby prone to sweating is
increased from 4.66 to5.81.

In stage 8, variables relating to the infant’s last sleep period
are added and result in the removal of the previously
established significance for social disadvantage, maternal
smoking of 10 or more cigarettes per day, and infants with
crying or colic problems or being prone to sweating. However,
the infant being ill from birth to the week before death (OR
5.50) and maternal UTI in pregnancy (OR 12.61) remain
significant. The use of pillows, duvets, or a total clothing and
bedding tog score of greater than 10 are not significant at this
stage. Co-sleeping was a significant risk factor when all other
variables listed are controlled for with an odds ratio of 41.41.
In a univariate analysis the odds ratio associated with co-
sleeping was 22.93 (95% CI 10.93 to 48.08; p,0.001). Soother
use was a complex variable with univariate analysis of the
data, suggesting that usual use of a soother was a significant
risk for SIDS (OR 1.95; 95% CI 1.25 to 3.06; p,0.01) while
use of a soother in the last sleep period emerged as being a
protective factor (OR 0.33; 95% CI 0.22 to 0.50; p,0.001).
Further examination of the data showed that while 77% of
cases habitually used a soother, only 30% did so on the night
of the last sleep. Thus the absence of routine soother use in
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the last sleep period was used in the multivariate analysis
and remained a significant risk factor with an odds ratio of
4.49.

In stage 9, the single variable of infants placed prone to
sleep for the last sleep period was added. This odds ratio for
this variable was statistically significant (p,0.001) in multi-
variate analysis, but difficult to calculate due to the small
proportion of babies in total (34 of 825) who were placed in
the prone position for their last sleep along with the large
combination of variables included in the analysis. In a
univariate analysis use of the prone position had an odds
ratio of 7.88 (95% CI 3.09 to 20.11, p,0.001). Other factors
which remained significant were UTI in pregnancy (OR
27.47), baby being ill anytime from birth to the week before
death (OR 21.23), and lack of soother use (OR 10.62). In
addition, having at least three previous live births becomes
significant again at this stage (OR 32.82), having last been
significant in stage 2, and a reduced birth weight for
gestation appears for the first time as a significant variable
(OR 0.21 for high z scores).

DISCUSSION
The recent ‘‘back to sleep’’ campaigns, where parents were
advised to avoid epidemiologically derived SIDS risk factors,
namely the prone sleeping position, overheating, overwrap-
ping, and parental smoking, have been associated with a
dramatic and sustained fall in SIDS rates in all western
countries mounting such campaigns.4 This has been hailed as
one of the great public health triumphs of the modern era
with thousands of infant deaths prevented annually world-
wide. In Ireland a similar campaign saw the SIDS rate fall
from 2.1/1000 live births (1980–90 inclusive) to 0.7–0.8 for
the years 1994–2000 inclusive, with 70–80 less infant deaths
per year.11 This has given impetus to the continued analysis,
and reanalysis, of case-control databases to confirm the
validity of established SIDS risk factors, both within and
across national boundaries, and to see if new undiscovered
risk factors will allow further simple risk reduction measures.
However, a recent review of the epidemiological literature
relating to SIDS clearly documents the variability in the
published results.4 Meta-analysis has been used to develop
pooled odds ratios across different studies in an attempt to
overcome these difficulties.12 However, a recent review of the
causes for this heterogeneity in the epidemiology of SIDS
concluded that the use of meta-analysis could have mini-
mised the importance of prone sleeping in SIDS.9

As an example of the difficulty in developing consistent
messages for parents, professionals, and health agencies,
many studies have shown increased SIDS rates for dis-
advantaged minority groups within countries, an association
which disappears in studies controlling for maternal educa-
tion, family income, and use of the prone sleeping posi-
tion.13 14 Similarly the role of viral/respiratory infection in
SIDS has been debated for many years with several recent
studies finding no association.3 15 However, other studies
have shown an association between intercurrent infection
and SIDS in infants who are sleeping prone,16 or are heavily
wrapped while sleeping.17 In the present study we found that
the baby having any illness from birth to the week prior to
death remained a significant risk factor throughout the
analysis, whereas in the 48 hours prior to death the presence
of illness, a visit to a family doctor, or medication use were
not significant, even when controlling for the amount of
clothing or bedding used and for the prone sleeping position.
If this is a true reflection of the situation it means that
interventions aimed at improving parental recognition of
illness immediately prior to death are likely to be fruitless,
and blaming parents for missing signs of illness immediately
prior to death (both common practices) are unjustified.

Interestingly a maternal urinary tract infection in preg-
nancy (self report, not confirmed from urine culture results)
remained a very powerful and consistent risk factor
throughout the sequential analysis as presented. Maternal
UTI in pregnancy has long been found to be a significant risk
factor for SIDS, forming part of the high risk scoring system
devised and used in Sheffield (UK) in the 1970s and 1980s.18

Maternal UTI in pregnancy has been associated with an
increased risk of premature delivery.19 20 If this epidemiolo-
gical association is true, then it lends further support to the
concept of SIDS infants being predisposed or vulnerable to
sudden death by an adverse intrauterine environment.21

A benefit of conducting the analysis in the manner
presented in this paper is the clear and obvious effect the
addition of further variables has on both previously derived
levels of significance, or in some cases as to whether a
variable remains significant or not. In this paper variables
found to significantly increase the risk of SIDS include social
deprivation, at least three previous live births, maternal
cigarette smoking and drinking (alcohol) during pregnancy, a
slightly reduced birth weight, a parental report of the baby
being ill or experiencing crying/colic problems in the interval
from birth to the week prior to death/interview (controls),
and in the last sleep period either being placed prone to sleep,
co-sleeping, or not using a soother.4 However, as the analysis
progressed through stages 1–9 many variables changed their
level of and ultimately lost their significance. Some studies in
the literature control for few confounding factors, presenting
simple unadjusted odds ratios, while others control for the
combinations of variables found in any one of the nine stages
of analysis presented in this paper. An example of the most
worrying aspect of this degree of statistical complexity is the
ability to remove smoking as a significant risk factor for SIDS
by the addition of the variables relating to the last sleep
period (stage 8). The weight of data linking maternal
smoking to SIDS is overwhelming, with a meta-analysis of
over 50 articles confirming an increased risk, most showing a
clear dose-response effect, as is this paper in stages 3, 4, and
6, causing some authors to suggest a causal relation.12

While statisticians have always appreciated the amount of
statistical manoeuvring possible in large epidemiological
databases, the degree of fine tuning of results possible has
perhaps been underestimated by those of us who are
statistically naive in both the medical and wider commu-
nities. Case-control studies have proved hugely beneficial in
medicine, and recently in reducing SIDS rates despite the
limitations already discussed. Because of the importance of
the messages derived from such studies to modern medical
practice, perhaps it is time to revisit the methods used to
analyse large case-control databases.
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