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Abstract
Aim—To look for changes in risk factors
for sudden infant death syndrome (SIDS)
after decrease and stabilisation of the
SIDS rate.
Methods—Questionnaires were distributed to parents of 174 SIDS infants, dying
between 1984 and 1998, and 375 age and
sex matched controls in southeast Norway.
Results—The proportion of infants sleeping prone has decreased, along with the
decrease in SIDS rate for the region
during the periods studied, but over half
of the SIDS victims are still found in the
prone position. As the number of SIDS
cases has decreased, additional risk factors have become more significant. Thus,
after 1993, a significantly increased risk of
SIDS is seen when the mother smokes
during pregnancy. After 1993, young maternal age carries an increased risk.
Maternal smoking and young maternal
age are associated with each other. For
SIDS victims, an increase in the number
of infants found dead while co-sleeping is
seen, and the age peak between 2 and 4
months and the winter peak have become
less pronounced.
Conclusion—Changes in risk factor profile following the decrease in SIDS rate in
the early 1990s, as well as consistency of
other factors, provides further clues to
SIDS prevention and to the direction of
further studies of death mechanisms.
(Arch Dis Child 2001;85:108–115)
Keywords: SIDS; prone sleeping; low maternal age;
smoking; pregnancy
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Sudden infant death syndrome (SIDS) is the
sudden and unexpected death of any infant or
young child, which is unexpected by history,
and in which a thorough postmortem examination fails to show an adequate cause of death.1
After increasing throughout the 1970s and
80s, the rate in southeast Norway has decreased since 1990, from 1.8 per 1000 live
births in 1989, to less than 0.6 per 1000 live
births after 1993.2 The decline was rapid from
1990 to 1992, but has stabilised since 1993. It
is well documented that, after national campaigns in several countries,3–5 the reduced
number of prone sleeping infants caused the
rate reduction. Though the prone sleeping
position is still a major risk factor for SIDS, the
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number of infants found dead in the prone
position has decreased, and other risk factors
such as maternal smoking6 7 have become more
significant. The age distribution of SIDS
victims is claimed to have changed8; the same is
true for the impact of seasonal variation.9 Some
risk factors are still controversial; co-sleeping
has become increasingly disputed.10 11 Some
studies have shown an increased risk of SIDS
associated with co-sleeping, sleeping together
with a mother who smokes being the greatest
hazard.12 13 Others have shown no significant
relation between co-sleeping and SIDS,14 and
some have even suggested that co-sleeping
might be protective for infants at risk for
SIDS.15
Our objective was to look for changes in factors associated with increased or reduced risk
of SIDS during the time of increasing SIDS
rate (1984–89), the period of rapid decline
(1990–92), and the time of stable low rates
(1993–98).
Materials and methods
SUBJECTS

The survey was performed as a case–control
study. A questionnaire was distributed by mail
to 266 parents who had lost a child to SIDS
during the period 1984–98, and to 698 control
parents. Both cases and controls were from the
southeast region of Norway, a region which has
2.5 million inhabitants (55% of Norway’s total
population). The questionnaires were distributed in 1993 and 1998. The response rate was
69% in the SIDS parents group, and 75% in
the control parents group. The mean time
between death and completing the questionnaire was three years (range 1–8 years). The
time of observation was shorter for most of the
SIDS cases (until time of death), than for the
controls (their first year of life).
All sudden unexpected deaths among children between the second week after birth and 3
years of age were included as SIDS deaths,
provided that no explanation for the death was
found in the antemortem history or after postmortem examination.16
The control infants, matched with the SIDS
victims with regard to sex, date of birth (± 1
day), and place of birth, were picked at random
from the national population register. An
adjusted questionnaire, leaving out questions
concerning death, was sent to the control parents. We excluded answers from SIDS parents
where none of the matching controls responded (n = 10), as well as answers from controls where the matching SIDS case did not
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Epidemiology of SIDS in Norway
Table 1

Factors related to SIDS victims at time of death

Cold last week
Cold last day
High body temperature last week
Face covered or straight down
Found outdoors
Age at death
Under 2 months
2–4 months
>5 months
Put down last sleep
Prone
Side
Back
Sleep position found dead
Prone
Side
Back
Co-sleeping at time of death

1984–1989
n = 109
No (%)

1990–1992
n = 26
No (%)

1993–1998
n = 39
No (%)

p value for
interaction with
period

53 (52)
36 (37)
11 (11)
36 (35)
29 (27)

7 (28)
7 (29)
2 (9)
9 (39)
6 (23)

20 (57)
14 (40)
7 (21)
12 (32)
3 (8)

0.06
0.69
0.30
0.87
0.05

4 (4)
73 (67)
32 (29)

1 (4)
13 (50)
12 (46)

8 (20)
17 (44)
14 (36)

0.01

86 (82)
13 (12)
6 (6)

16 (64)
3 (12)
6 (24)

7 (19)
10 (27)
20 (54)

<0.01

100 (93)
2 (2)
5 (5)
2 (2)

22 (85)
0
4 (15)
0

22 (63)
3 (9)
10 (28)
13 (34)

<0.01
<0.01

respond (n = 150). No reference sleep was
assigned for the control group as the time
frame was too long, so we could not control for
factors related to SIDS at time of death.
QUESTIONNAIRE

The questionnaires included information
about pregnancy, birth, and the first year of life,
including feeding habits and dummy use. For
SIDS cases, we requested further information
on factors concerning the days before death
and the day of death. Obstetric factors, parents’
smoking habits, social class, maternal age, birth
weight, gestational age, birth order, breast
feeding, dummy use, sleeping position, cosleeping, age distribution of SIDS victims, season of death, and outdoor sleeping in winter
have previously been shown to be associated
with either increased or reduced risk of SIDS.
Questions were of a “yes” or “no”, or multiple choice nature. Evaluation of social class for
both groups was based on occupation at the
time of the pregnancy studied, according to the
British registrar general’s classification.17
Ethical approval for the study was obtained
from the regional ethical committee.
STATISTICAL ANALYSIS

Data were analysed by descriptive statistics
with frequency distribution and cross tabs calculation using SPSS (Statistical Package for
Social Sciences). For trends concerning factors
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Figure 1 Usual mode of sleep within the control group for the time period studied
compared with the SIDS rate for southeast Norway.
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Results
The study included 174 SIDS families and 375
control families. There were no diVerences in
age and sex distribution between participating
and non-participating SIDS infants (p = 0.99
and p = 0.47 respectively), and there was no
significant diVerence between the cohorts
studied for each of the diVerent periods
(p = 0.25). We found no significant change in
the control cohorts studied for factors that
were presumed to be stable over time (birth
weight, gestational age, smoking during pregnancy, and dummy use).
FACTORS SHOWING A CHANGE IN RISK PROFILE
ALONG WITH THE CHANGES IN SIDS RATE

For the factors sleeping position and cosleeping among SIDS victims at time of death,
age distribution of SIDS victims, seasonal variation of SIDS deaths, and outdoor sleeping, as
well as maternal smoking during pregnancy
and maternal age, we found a change concerning their significance for the risk of SIDS.
Sleeping position
The proportion of infants found dead in the
prone sleeping position decreased from 93% in
the period with high SIDS rate, to 63% in the
last period of stable rate (p < 0.01; table 1). In
the last period, only 11% of the SIDS victims
generally slept prone, and 19% had been
placed prone for their last sleep, compared to
82% for both variables in the first period
(p < 0.01; table 1). Moreover, in the last
period, only 20% of the infants found dead in
a prone position both generally slept prone,
and were placed prone, for their last sleep. Fifteen per cent of those found prone were put to
sleep in a prone position for their last sleep
although they were unaccustomed to it,
whereas 65% of SIDS victims found dead in a
prone position were neither used to sleeping
prone, nor put down prone for their last sleep
(secondary prone). Prone sleeping as a usual
mode of sleep in the control group has
decreased dramatically throughout the periods
studied; this decrease parallels the decrease in
SIDS rate for the region (fig 1). The risk of
SIDS for infants who usually slept in the prone
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Factor

related to SIDS at time of death, the ÷2 test was
used (for 2×2 tables where an expected cell was
less than 5, the Fisher exact test was used).
Possible selection bias of the participating versus the non-participating population of SIDS
cases in the southeast region of Norway was
investigated for age and sex distribution using
the Mann–Whitney U test. To test for possible
recall bias, 50 control families from each period
were picked at random and tested for factors
where little variation was expected over the
time periods studied (birth weight, gestational
age, smoking during pregnancy, and dummy
use) using the ÷2 test.
Conditional logistic regression, taking into
account the matching factors between SIDS
infants and control infants, was used for calculation of odds ratios (OR) with 95% confidence
intervals (CI) and for analyses of interaction
using the EGRET statistical package.
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Table 2

Arnestad, Andersen, Vege, Rognum
Factors that showed no interaction with the time periods studied

Pregnancy*
Birth*

Usual mode of
sleep and
feeding habit†

Dummy use†

Sosioeconomic
factors†

Complication
Disease
Father smoking
Birth weight
<2.5 kg
2.5–3.0 kg
3.1–3.5 kg
3.6–4.0 kg
>4.0 kg
Gestational age
<33 weeks
33–34 weeks
35–36 weeks
37–38 weeks
39–40 weeks
Birth order
Firstborn
No. 2
No. 3
No. 4 or later
Sleeping position
Prone
Side
Side/back
Back
Waking at night‡
Always
Often
Sometimes
Seldom
Never
Co-sleeping
Breast feeding > 3 months‡
0–4 months daytime
Ever
Never
0–4 months night-time
Ever
Never
Social class mother§
I
II
III
IV
V
Social class father§
I
II
III
IV
V

SIDS
n = 174
No (%)

Control
n = 375
No (%)

Univariate OR (95% CI)

Multivariate OR (95% CI)

p value for
interaction with
period

75 (44)
37 (22)
76 (46)

124 (33)
36 (10)
150 (40)

1.52 (1.04 to 2.23)
2.90 (1.71 to 4.91)
1.25 (0.85 to 1.82)

1.27 (0.78 to 2.07)
2.85 (1.53 to 5.33)
1.00 (0.60 to 1.66)

0.35
0.50
0.21

10 (6)
30 (18)
31 (31)
32 (32)
22 (13)

17 (5)
18 (12)
132 (37)
106 (29)
61 (17)

1.62 (0.67 to 3.92)
1.81 (0.98 to 3.36)
1.0 (ref)
1.27 (0.79 to 2.06)
1.02 (0.56 to 1.86)

1.81 (0.87 to 3.76)
1.24 (0.71 to 2.20)
1.0 (ref)
1.01 (0.50 to 2.03)
0.65 (0.30 to 1.43)

0.83

8 (5)
9 (1)
10 (3)
11 (11)
139 (80)

2 (1)
3 (2)
10 (3)
45 (11)
311 (83)

9.70 (2.02 to 46.52)
0.57 (0.11 to 2.83)
1.54 (0.55 to 3.33)
1.03 (0.57 to 1.85)
1.0 (ref)

13.56 (1.25 to 147.4)
1.10 (0.13 to 9.18)
0.59 (0.16 to 2.12)
0.65 (0.30 to 1.43)
1.0 (ref)

0.83

47 (27)
48 (38)
49 (22)
23 (13)

147 (42)
137 (39)
52 (15)
15 (4)

1.0 (ref)
1.66 (1.04 to 2.65)
2.22 (1.28 to 3.84)
4.32 (2.09 to 8.92)

1.0 (ref)
2.42 (1.37 to 4.26)
3.56 (1.71 to 7.42)
8.30 (3.16 to 21.84)

0.49

109 (64)
24 (14)
17 (10)
21 (12)

147 (39)
123 (33)
65 (17)
38 (10)

2.71 (1.21 to 6.07)
0.40 (0.19 to 0.86)
0.53 (0.24 to 1.19)
1.0 (ref)

1.39 (0.61 to 3.20)
0.30 (0.12 to 0.77)
0.38 (0.14 to 1.12)
1.0 (ref)

0.66

5 (3)
6 (4)
7 (12)
8 (49)
53 (32)
15 (9)
124 (71)

36 (10)
37(21)
104 (29)
105 (29)
40 (11)
24 (6)
275 (75)

1.0 (ref)
0.48 (0.13 to 1.79)
1.36 (0.46 to 4.04)
6.68 (2.05 to 15.67)
9.80 (3.33 to 28.90)
1.37 (0.68 to 2.77)
0.81 (0.54 to 1.21)

1.0 (ref)
0.35 (0.08 to 1.45)
1.03 (0.31 to 3.46)
5.27 (1.71 to 16.27)
9.29 (2.79 to 30.85)
1.66 (0.57 to 4.85)
1.69 (0.90 to 3.19)

0.10

73 (55)
61 (45)

218 (68)
102 (32)

0.56 (0.37 to 0.85)
1.0 (ref)

0.51 (0.27 to 0.96)
1.0 (ref)

0.68

59 (47)
67 (53)

203 (63)
117 (37)

0.51 (0.33 to 0.77)
1.0 (ref)

0.36 (0.18 to 0.69)
1.0 (ref)

0.83

23 (13)
17 (10)
95 (55)
4 (2)
34 (20)

32 (9)
56 (15)
208 (56)
7 (2)
68 (18)

1.0 (ref)
0.42 (0.19 to 0.90)
0.63 (0.35 to 1.14)
0.79 (0.20 to 3.04)
0.69 (0.35 to 1.37)

1.0 (ref)
0.61 (0.22 to 1.71)
0.57 (0.25 to 1.30)
0.25 (0.04 to 1.53)
1.29 (0.51 to 3.27)

0.76

31 (19)
30 (18)
52 (31)
36 (22)
17 (10)

42 (12)
79 (22)
132 (36)
67 (18)
44 (10)

1.0 (ref)
0.51 (0.27 to 0.96)
0.53 (0.30 to 0.93)
0.72 (0.39 to 1.34)
0.52 (0.25 to 1.08)

1.0 (ref)
0.52 (0.22 to 1.23)
0.78 (0.35 to 1.74)
1.27 (0.51 to 3.21)
0.58 (0.20 to 1.72)

0.19

0.60
0.56

*The multivariate model controls for the following variables: disease and complications in pregnancy, birth weight, gestational age, birth order, mother’s age at time
of pregnancy, mother’s and father’s smoking habits during pregnancy, and social class/occupational status at the time of pregnancy.
†The multivariate model controls for the following variables: birth weight, gestational age, birth order, breast feeding over three months, waking at night, co-sleeping,
sleeping position, dummy use, mother’s and father’s smoking habit during pregnancy, and social class/occupational status at the time of pregnancy.
‡For SIDS cases breast feeding until time of death or over 3 months.
§Based on occupation at time of pregnancy studied according to the British registrar general’s classification (I = professional, II = executive, III = skilled, IV = semiskilled, V = unskilled). Housewives and students are classified under III.

position did not increase over the periods studied, as the number of infants usually placed in
the prone position has decreased for both the
SIDS group and the control group (table 2).
Of the SIDS infants put down in the side
position, 56% were found dead in a prone
position, whereas 53% of those placed on their
back were found dead in a prone position. No
increased risk of SIDS was seen for infants
usually sleeping on the side or varying between
side and back, compared to sleeping on the
back (table 2).
Co-sleeping, age of SIDS victims, and seasonal
variation at time of death
Previously, co-sleeping was uncommon in our
region, and few SIDS victims were found dead
while sharing a bed with an adult. During the
periods studied both the proportion of SIDS
infants (3%, 8%, and 26% respectively) and
control infants (4%, 7%, and 15% respectively)
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who routinely co-slept, and the proportion of
infants found dead while co-sleeping (2%, 0%,
and 34% respectively) has increased. The
infants found dead while co-sleeping were
younger (median age at death 2.00 months;
range 0.50–5.00) than the total SIDS population (median age at death 3.00 months; range
0.50–26.00; p < 0.01). The number of SIDS
victims found dead while co-sleeping has
increased significantly (table 1). However, we
found no risk of SIDS for infants who usually
co-slept, and no changes in risk over the
periods could be detected as the number of
infants who usually co-slept increased in both
the SIDS group and the control group (table
2). The increase in co-sleeping as a usual mode
of sleep in the control group, over the time
period studied, could not be related to changes
in the SIDS rate for the region (fig 1).
We found a positive interaction between
co-sleeping at time of death for SIDS victims
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Figure 2 Changes in the seasonal distribution of SIDS deaths. In the last period there are
fewer deaths during autumn and winter than in previous periods (interaction with period
p = 0.03).

and maternal smoking during pregnancy, with
an SIDS risk of 8.63 (CI 1.87 to 39.85;
p < 0.01). No interaction was found between
co-sleeping and birth weight (p = 0.18).
The age distribution of SIDS victims has
changed during the periods studied. The age
peak at 2–4 months has become less significant
in the last period studied (table 1). In the last
period there are also fewer deaths during
autumn and winter than in previous periods
(fig 2). Moreover, in the last period, only 8% of
the SIDS victims were found outdoors, compared to 27% in the first period and 23% in the
second period (table 1).
Maternal smoking during pregnancy
In the last period studied (1993–98), there has
been an increase in the proportion of mothers
who smoked during pregnancy in the SIDS
group but not in the control group (table 3). In
the first and second periods, the proportion of
mothers who smoked during pregnancy did
not diVer significantly between the SIDS group
and the controls (OR 1.52, CI 0.94 to 2.37;
and OR 0.87, CI 0.33 to 2.29, respectively).
However, during the period with a stable SIDS
rate, there was a statistically significant increased risk of SIDS if the mother smoked
during pregnancy (OR 3.37, CI 1.37 to 8.25).
The importance of maternal smoking for SIDS
risk increased significantly from the second to
the third period (p = 0.04; table 3).
Fathers’ smoking habits during pregnancy
were not found to increase the risk of SIDS
(table 2). Families where the father smoked but
not the mother were, in fact, more common
among control cases (19%) than SIDS cases
(12%) (p = 0.04).
For the entire study, positive interaction was
found between maternal smoking during pregnancy and being found prone (p < 0.01) and
between maternal smoking during pregnancy
and low birth weight (p = 0.01) for the SIDS
group.
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DECREASE IN SIDS RATE

The significance, or lack of significance, of previously proposed risk factors for SIDS (pregnancy complications, birth weight, gestational
age, birth order, breast feeding, dummy use,
and social class) have not changed in the SIDS
population, compared to the control population, during the periods studied.
Pregnancy complications
During pregnancy, the SIDS mothers experienced significantly more complications than
control mothers, including minor bleeding,
proteinuria, and oedema (OR 1.52, CI 1.04 to
2.23), and disease such as infections (OR 2.90,
CI 1.71 to 4.91; table 2). Disease during pregnancy remained significantly associated with
increased risk of SIDS after adjustment for
factors related to pregnancy and birth.
Birth weight, gestational age, and birth order
Even though there were slightly more SIDS
infants with lower birth weight than control
infants, we found no significant diVerence
either in the univariate model or when
adjusting for factors related to pregnancy and
birth (table 2). There were significantly more
SIDS infants born before 33 weeks of
gestational age in both the univariate and the
multivariate model, but no diVerence between
SIDS infants and control infants was found for
higher gestational age (table 2). For birth
order, the risk of SIDS increased with increasing number of previous siblings in both models
(table 2).
Breast feeding and sleeping pattern
For breast feeding, until the time of death or
longer than three months, we found no significant diVerence between SIDS infants and control infants, either in the univariate model or
when controlling for other factors including
dummy use (table 2). The proportion of breast
fed, co-sleeping infants (approx. 85% in both
groups) was slightly higher than the total
number of breast fed infants in both groups
(approx. 75%). The proportion of breast fed
infants was slightly lower (approx. 60% in both
groups) when mothers smoked.
Infants who never woke at night spontaneously to feed had an increased risk (OR 9.80,
CI 3.33 to 28.90) of dying from SIDS when
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Maternal age
For the first two periods studied (1984–89 and
1990–92), we found no significant relation
between maternal age and SIDS. In the last
period (1993–98) however, an increased risk in
young mothers has become apparent (<21
years of age, OR 22.49, CI 2.30 to 219.80;
21–25 years of age, OR 17.77, CI 3.15 to
100.28; table 3). A tendency for an increased
risk of SIDS associated with mothers over the
age of 35 did not reach statistical significance
(OR 5.62; CI 0.71 to 44.37).
Positive multiplicative interaction was found
between mothers of less than 25 years of age
and mothers’ smoking (table 4).

40
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Overall: 0.05 1 v 2: 0.86 1
v 3: 0.01 2 v 3: 0.06

Overall: 0.12 1 v 2: 0.31 1
v 3: 0.13 2 v 3: 0.04

0.01
22.49 (2.30 to 219.80)
17.77 (3.15 to 100.28)
1.0 (ref)
1.33 (0.37 to 4.71)
5.62 (0.71 to 44.37)
1 (1)
12 (15)
36 (45)
26 (33)
5 (6)
0.58
0.54
13 (6)
62 (27)
89 (38)
56 (24)
11 (5)
9 (9)
24 (23)
43 (41)
21 (20)
8 (7)

1.42 (0.52 to 3.85)
0.68 (0.36 to 1.27)
1.0 (ref)
0.71 (0.38 to 1.36)
1.35 (0.48 to 3.83)

3 (12)
6 (23)
10 (38)
6 (23)
1 (4)

2 (3)
21 (34)
20 (33)
15 (25)
3 (5)

2.58 (0.40 to 16.52)
0.60 (0.20 to 1.84)
1.0 (ref)
0.70 (0.23 to 2.19)
0.79 (0.08 to 7.97)

5 (13)
15 (40)
8 (21)
7 (18)
3 (8)

0.01
3.37 (1.37 to 8.25)
25 (30)
0.78
0.09
75 (33)

Maternal smoking
during pregnancy
Maternal age
<21 y
21–25 y
26–30 y
31–35 y
>35 y

46 (42)

1.52 (0.94 to 2.37)

10 (40)

26 (43)

0.87 (0.33 to 2.29)

21 (55)

p value
Odds ratio
(95% CI)
Control
No (%)
p value
Factor

1993–1998 (period 3)

SIDS
No (%)
p value
Odds ratio
(95% CI)
Control
No (%)
SIDS
No (%)

1990–1992 (period 2)

Smoking

Age
SIDS
under 25 No (%)

Controls
No (%)

Odds ratio
(95% CI)

Yes
Yes
No
No

Yes
No
Yes
No

4 (5)
19 (24)
9 (11)
48 (60)

35.95 (5.60 to 230.60)
2.61 (0.73 to 9.33)
7.02 (1.36 to 36.40)
1.0 (ref)

14 (38)
7 (19)
6 (16)
10 (27)

p value for interaction = 0.01.

Odds ratio
(95% CI)
Control
No (%)

1984–1989 (period 1)

SIDS
No (%)

Factors showing change in the risk of SIDS during the periods studied
Table 3

Table 4 Multiplicative interactions between maternal
smoking during pregnancy and maternal age for the period
of stable SIDS rate; 1993–1998
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compared to infants who always woke up during the night (table 2). This was confirmed
when we adjusted for factors related to
pregnancy, birth, sleep and feeding habits, and
dummy use.
Dummy use
We found a significantly reduced risk of SIDS
in infants up to 4 months who used a dummy
during the day and night, compared to infants
who never used one (daytime OR 0.56, CI 0.37
to 0.85; night-time OR 0.51, CI 0.33 to 0.77).
The results were confirmed when adjusted for
factors related to pregnancy, birth, feeding
habits, co-sleeping, and sleeping position.
Social class
No significant diVerence in social class, for
either the mother or the father, could be found
between the SIDS families and the control
families; there was also no increased risk for
SIDS over the time periods studied (table 2).
We observed positive interaction between
social class and smoking during pregnancy and
between social class and young maternal age
for both groups.
Signs of infection prior to death and face covered
at time of death
For the whole period studied, 46% of the SIDS
victims had a cold during their last week, 33%
had a cold on the last day before death, and
11% had an increased body temperature
during their last week. We found no statistically
significant changes in these factors during the
periods studied (p = 0.06, p = 0.69, and
p = 0.30 respectively; table 1).
For the whole period, 33% of the SIDS victims were found dead with their face covered
by bedding or face down. This observation did
not change significantly over the periods studied (p = 0.87; table 1). Eighty nine per cent of
those found with their faces covered were
found in the prone sleeping position.
Discussion
Our main findings were that maternal smoking
during pregnancy and maternal age have
become more significant risk factors for SIDS,
after the drop in the SIDS rate and the reduction in SIDS victims found in the prone sleeping position. There was an increase in SIDS
victims found dead while co-sleeping. The
usual age peak for SIDS deaths, between 2 and
4 months of age, and the seasonal peak during
autumn/winter, has become less pronounced.
The response rate of both SIDS parents and
control parents was high. We found no
diVerence in age and sex distribution between
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CHANGES IN THE EPIDEMIOLOGICAL PATTERN OF
SIDS

We have shown that changes have occurred in
some of the modifiable risk factors, making
them even more significant now than when
prone sleeping was prominent. The fact that
some risk factors have increased or decreased
while others have remained unchanged may
give further insight into possible mechanisms
behind SIDS and clues to which factors should
be focused on in future reduction campaigns.
Even though the message that infants should
not be placed prone during sleep seems to have
reached most parents,5 more than half of SIDS
victims are still found prone. We found no difference between the number of infants who had
turned prone from their sides, compared to
from their backs. This might reflect the fact
that a larger proportion of SIDS victims are
now older than they were 10 years ago, and
therefore more likely to change sleeping
position of their own accord. We could not
show an increased risk of side sleeping
compared to supine sleeping as a usual mode of
sleep in this study, in contrast to what previous
studies have shown. However, because of the
lack of a reference sleep for the controls, no
comparison between SIDS victims and controls with respect to being put down or found
on the side could be performed; likewise no
conclusion as to the previously described risk
of side sleeping could be made.20
Fifteen per cent of the infants found prone
during the last period were unaccustomed to
prone sleep and 65% were classified as secondary prone sleepers. An increased risk associated
with unaccustomed prone sleep or secondary
prone sleep has been shown previously, and
reports suggest that lack of experience with a
potentially dangerous sleep environment may
result in increased risk when these environments are first encountered.21
For infants less than 4 months of age8 and
infants with signs of infection prior to death,8 22
the risk of SIDS while sleeping prone has been
shown to be higher during winter than
summer.9 Prone sleeping has also been associated with excess thermal insulation. Between
1984 and 1989, 27% of SIDS victims in our
region were found outdoors, most often during
winter.23 It is possible that these infants were
too heavily wrapped, inducing overheating,
which has the most serious implications for the
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smallest infants with the least mature regulation of temperature.24
In a previous study from our region,
maternal smoking during pregnancy was not a
significantly increased risk,23 but it now stands
out as a definite risk factor for SIDS. This
could be a result of smoking eVects previously
being overshadowed by the risk of prone sleeping, as the positive interaction found between
smoking during pregnancy and being found in
the prone sleeping position indicates. Other
recent studies of risk factors for SIDS have
shown maternal smoking to be of increased
importance after the “back to sleep campaigns” and the drop in SIDS rate.6 7 At the 6th
International SIDS Conference, Auckland,
New Zealand, February 2000, Mitchell concluded that maternal smoking is now an indisputable risk factor for SIDS. A meta-analysis
based on eight independent studies, undertaken after the decrease in SIDS rate, disclosed
smoking during pregnancy to be among the
highest risk factors at the present time (Mitchell, conference presentation). Whether passive
smoking is a risk factor for SIDS is still
disputed. Nevertheless, it is not thought to have
such a strong eVect as maternal smoking
during pregnancy,25 although some studies
have found secondary smoking to be a risk factor.26 27 We did not show significantly increased
risk of SIDS if the father smoked during pregnancy.
Smoking is thought to reduce birth weight
via disturbance in the intrauterine growth pattern.28 29 Though we did not show a significantly increased risk for SIDS associated with
low birth weight alone, there was a positive
interaction between low birth weight and
smoking during pregnancy, making such an
association possible. Smoking during pregnancy has also been found to influence the
autonomic nervous system, resulting in a deficiency in arousal responsiveness.30 We found
that SIDS infants used to wake up less
frequently to be fed during the night than control infants. Previous studies have also shown
an association between SIDS and a behavioural
pattern of being sleepier and less active than
age matched controls.23 31 32 This observation
may indicate abnormalities in autonomic control or arousal ability, or it could be a result of
reduced ATP production. Recent studies have
shown that some SIDS victims have mutations
in mitochondrial DNA, which may induce
ATP depletion.33–35 A relatively modest reduction in the ability to produce ATP may constitute a predisposition that could be disastrous
under circumstances of increased stress. Finally, the amount of brain stem gliosis in SIDS
victims, which is said to be associated with
hypoxic–ischaemic events,36 37 correlates with
maternal smoking during pregnancy.38
An association between SIDS and socioeconomic factors such as maternal age, maternal
smoking during pregnancy, and parents’ education or work status has previously been
reported.39 We found positive interaction between mothers of less than 25 years of age and
maternal smoking during pregnancy, for the
last period studied. However, young mothers
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responders and non-responders in the SIDS
group, ensuring that our results are representative for all cases in the region studied.
Matching SIDS victims and controls for date of
birth, sex, and region of birth further reduces
confounders. For both SIDS cases and controls
there was a time lag, between the period the
questions related to, and the time of the actual
questionnaire. However, we believe the eVect
of recall bias was minimal as factors presumed
to be stable in the control group over the periods studied were found to be so. Also, in earlier
retrospective and prospective studies, recall
bias has been found not to influence the
results.18 19
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Some authors have reported that the increased risk for co-sleeping infants seems only
to apply to infants with smoking mothers.12 13
Infants of mothers who smoke during pregnancy may have deficient hypoxic arousal
responses, and their arousal response to
thermal stress may also be blunted.49 50 On the
other hand, although several studies have
shown an association between co-sleeping and
SIDS, it is also possible that parental closeness
may have a positive eVect on infants. Several
studies of mother–infant interaction, while
co-sleeping in sleep laboratories, have shown
increased arousal responses, better sleep patterns, improved bonding, and increased breast
feeding.15 51
Birth weight, gestational age, breast feeding,
and dummy use did not show a change in trend
throughout the diVerent periods. Low birth
weight and low gestational age have previously
been shown to increase the risk of SIDS.52 We
were not able to confirm such findings. Ethnically southeast Norway has a relatively homogeneous population with a high standard of living. Medical care is inexpensive and delivery
care free of cost, which should contribute to a
favourable pregnancy outcome.40 Breast feeding has in some studies been found to protect
against SIDS.23 53 However, other, later studies
have not been able to confirm this observation.11 52 We found support for the theory that
dummies protect against SIDS,54–57 but only in
infants younger than 4 months of age. We note
that dummies probably make it easier to switch
to mouth breathing if nasal occlusion occurs,58
and also increase the level of CO2, which is a
stimulus for breathing and ensures arousal.59
These mechanisms are more important for
younger, less mature infants, with less ability to
breathe through the mouth and with less
developed arousal mechanism, than for older
infants.
We conclude that following the reduction in
the number of SIDS victims found prone, factors which are now more important include
maternal smoking during pregnancy and
young maternal age. Other factors have been
consistent. This should give clues to preventing
SIDS and to further studies of the death
mechanisms in SIDS. The young SIDS mothers may represent a socially disadvantaged
group. This could be a result of lack of social
network and poor education, as well as the
habit of smoking during pregnancy. Identification of high risk behaviour/groups may be the
way ahead for SIDS prevention.
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