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ABSTRACT

A number of features of sudden infant death syndrome (SIDS) point to an aetiological role for appa-
rently minor infections. The spread of infections is influenced by the rate of contact between infectious
cases and susceptibles in the population. This is likely to differ geographically depending on patterns
of social contacts, with epidemics being particularly likely where an influx of migrants leads to high
rates of mixing of populations lacking herd immunity. It has been shown that geographical variations
in SIDS deaths in England and Wales are strongly associated with rates of long distance in-migration
into districts. The large influx of population into parts of western Norway as a result of oil-related de-
velopment provides an opportunity to examine this issue further. The most intensive development has
been in the Stavanger area in the county of Rogaland. Published migration statistics show that there
was a rapid build-up of long distance migration into this area reaching a peak in the late 1970s. Further
north, the Bergen area in the county of Hordaland was little affected by oil-related activities in the
1970s. However, the more recent development of oil provinces further north has led to more activity in
the Bergen area and an increase in in-migration from the mid 1980s onwards. Annual data from 1969
onwards on SIDS deaths in Rogaland and Hordaland counties and for Norway were used to assess
whether trends in SIDS mortality and migration showed any associations. Before the main population
influx Rogaland had a SIDS rate that was below the Norwegian average. However, since the mid
1970s SIDS rates have been significantly in excess of the national average. In Hordaland SIDS rates
were low throughout the 1970s but increased substantially to be significantly in excess of the Norwe-
gian average in the late 1980s. In both areas population influxes resulting from oil-related development
were therefore followed by a significant increase in mortality rates from SIDS. There is no evidence
that these trends can be accounted for by changing patterns of known risk factors for SIDS in these
areas nor of artefacts in the registration of SIDS cases. The results of this study therefore support the
British evidence that population mixing may be a significant factor in the aetiology of SIDS.
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INTRODUCTION

Several features of the epidemiology of sudden infant
death syndrome (SIDS) point to an aetiological role
for infections. As is the case for common respiratory
infections SIDS shows marked seasonality with a sub-
stantial rise in risk during the winter months (1). More
direct evidence comes from studies showing that com-
pared to control groups more victims of SIDS were
reported by their parents to have displayed symptoms
of apparently minor infections in the days preceding
death and were more likely to have been seen by a
general practitioner (2) and have been admitted to
hospital (3). Signs of infection by common viruses
have also been found in postmortem investigations of
cases of SIDS and it has been suggested that such
infections may precipitate an abnormal immune
response capable of causing death (4).

As well as varying over time it is also likely that
exposure to common infections, and any SIDS risk
associated with such exposure, will differ geographi-
cally. The spread of infections is regulated by the rate
of contact between infectious cases and susceptibles in
the population (5). This rate of contact is likely to dif-
fer from one area to another depending on the pattern
of social contacts of the population. In stable commu-
nities with low levels of contact with other populations
high levels of herd immunity are likely to develop.
This may not be the case in more mobile communities
where there are substantial numbers of migrants from
other places. When migrants move over long distances
they are unlikely to have had much previous contact
with the local population and they might bring with
them infections for which this population lacked
immunity. Also, by increasing the pool of susceptibles,
migrants can encourage the spread of an infection that
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was endemic in the host population. Kinlen et al. (6)
have proposed that such processes could be of rele-
vance in the aetiology of childhood leukaemia which,
they argue, may be a rare response to an infection (or
infections) the transmission of which is facilitated by
population mixing. Empirical evidence in favour of
this hypothesis comes from the demonstration of
significant excesses of childhood leukaemia in some
new towns (6), in areas experiencing an increase in
commuting (7), in rural areas which saw an influx of
military personnel during the 1950s (8) and in areas of
Scotland where there was an influx of population as a
result of oil-related development (9). The possible role
of population mixing in sudden infant death syndrome
was examined in a study of the geographical variations
in SIDS in England and Wales (10). This showed a
highly significant positive association between SIDS
rates in different areas and their levels of long-distance
in-migration. After adjusting for confounding factors
SIDS rates were 66% higher in areas in the upper than
in the lower quartile of in-migration. These findings
were judged to support the hypothesis that population
mixing, by its influence on exposure to infections, may
be a significant factor in the aetiology of sudden infant
death syndrome.

In this previous investigation of the association be-
tween population mixing and SIDS the approach used
was cross-sectional. One way of examining the issue
further would be to undertake a study of a community
where there had been a marked change over time in
the amount of population mixing as a result of an
influx of long-distance in-migrants. The large influx of
population into parts of western Norway as a result of
oil-related development provides an opportunity to
examine this issue further. The most intensive deve-
lopment has been in the Stavanger area in the county
of Rogaland which was the part of Norway closest to
the earliest large fields to be developed. Further north,
the county of Hordaland which includes the city of
Bergen was less affected by oil-related activities in the
1970s. However, the more recent development of oil
provinces further north has led to more activity in the
Bergen area. A useful indicator of the magnitude and
timing of the changes in population mixing that has
accompanied the oil-related development is provided
by published figures (11) on annual rates of in-
migration from abroad into the two counties of
Rogaland and Hordaland. Figure 1 shows that in
Rogaland during the 1970s there was a rapid build-up
of long distance in-migration reaching a peak in 1977
and remaining high thereafter. In Hordaland, except
for a small rise in 1976 and 1977 rates of foreign in-
migration remained relatively low until the mid-1980s,
following which there has a been a substantial
increase. If population mixing does increase the risk of
sudden infant death in the way that is hypothesised the
expectation would be that SIDS rates in Rogaland
would have risen from the mid-1970s whereas any
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increase in Hordaland would not be expected until the
late 1980s.

METHOD

Annual data from 1969 onwards to 1989 on SIDS
deaths in Rogaland and Hordaland counties and for
Norway as a whole were taken from the mortality
register of Statistics Norway, through a database
designed for geographical analysis in the Department
of Geography in Trondheim. Data for later years were
not available from this source. The annual number of
live-births for these areas were taken from published
sources (11) and the annual numbers of SIDS deaths
per thousand live-births were calculated. The expected
annual number of SIDS deaths in each county were
calculated by applying the rates for Norway to the
local number of live-births. For the two counties it was
then possible to examine trends over time in the diffe-
rence between the observed and expected numbers of
SIDS deaths. The ratios of observed to expected SIDS
deaths in each county were calculated and plotted to
facilitate comparison of whether the timing of any
changes in SIDS risk matched those in in-migration
rates. Particularly in the early years when the number
of SIDS cases tended to be low there were large year
to year fluctuations in the observed to expected ratio.
It was therefore decided to aggregate the data into
longer time periods to reduce the problem of random
variations. Since the study covered 21 years it was
convenient to aggregate the observed and expected
numbers of SIDS deaths into 3-year periods. The ratios
of observed to expected deaths and their 95% confi-
dence intervals based on the Poisson distribution were
calculated.
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Figure 1. Migrants from abroad per thousand population
in Rogaland and Hordaland, 1969-89.

One problem with the analysis is that the apparent
changes over time in the incidence of SIDS could be
affected by changes in diagnostic practice. Particularly
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in the early part of the study period it is likely that
deaths that would previously have been recorded as
other causes of infant mortality were increasingly
coded as being from sudden infant death syndrome
and this would produce an artefactual increase over
time in SIDS rates. This is one of the reasons for
avoiding reliance on simple rates of SIDS deaths per
thousand live-births and using instead the ratio of ob-
served to expected deaths. This adjusts for any factors
such as diagnostic changes that might lead to a general
change in the recorded incidence of SIDS. However,
there remains the problem that the timing or magni-
tude of diagnostic shifts in Rogaland and Hordaland
might differ from the national picture. As well as
examining SIDS deaths we therefore also analysed
postneonatal deaths from any cause which clearly
cannot be affected by diagnostic confusion.

RESULTS

Figure 2 shows that in the early years of the study
period the number of SIDS deaths in Rogaland were
lower than expected from national rates. There were
fluctuations from year to year, which is not surprising
given the low number of deaths, but the generally low
SIDS risk is clear with observed numbers being lower
than expected in 5 out of the 6 years up to and inclu-
ding 1974. However, from 1975 onwards there was a
marked change to an above average risk of sudden
infant death which persisted until the end of the period
studied. As before there were annual fluctuations but
the shift to above average risk is clearly apparent with
observed numbers being greater than expected in 11
out of 15 years. This impression of a marked increase
in SIDS risk in Rogaland from the mid 1970s onwards
is confirmed by the aggregation of data into three-year
time periods in Table 1. In both of the first two periods
there were fewer than expected numbers of SIDS
deaths. Since then there have been excesses of SIDS
deaths in all of the five periods studied, of which four
have been significant at the 0.05 level.

In the early part of the period studied Hordaland
also showed a lower than expected number of SIDS
deaths (Figure 3). However, unlike Rogaland this
below average risk persisted for much longer with the
observed numbers of SIDS deaths exceeding those
expected in only 3 of the 17 years up to and including
1985. Since then there are signs of an increase. This
evidence of a generally low SIDS risk over most of the
study period followed by a sharp deterioration to sig-
nificantly high rates in the late 1980s is confirmed by
the analysis by time-periods in Table 2.

In both Rogaland (Table 3) and Hordaland (Table
4) the divergence between observed and expected
numbers of postneonatal deaths (from all causes) tends
to be smaller than for SIDS. Nevertheless, there is
considerable consistency in the broad pattern and of
changes over time. In Rogaland, as with SIDS, there
was a marked increase in mortality rates relative to the
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Figure 2. Ratio of observed to expected SIDS deaths in
Rogaland 1969-89.
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Figure 3. Ratio of observed to expected SIDS deaths in
Hordaland 1969-89.

Table 1. Ratio of observed to expected SIDS deaths in
Rogaland by time period.

SIDS deaths

Time period Observed Expected O/E O/E 95% c.i.
1969-71 7 9.0 0.78 0.31-1.61
1972-74 5 11.0 0.45 0.15-1.05
1975-77 26 13.3 1.95 1.27-2.86
1978-80 28 20.7 1.35 0.90-1.95
1981-83 35 21.3 1.64 1.14-2.28
1984-86 57 30.3 1.88 1.42-2.44
1987-89 55 34.1 1.61 1.21-2.10

Table 2. Ratio of observed to expected SIDS deaths in
Hordaland by time period.

SIDS deaths

Time period Observed Expected O/E O/E 95% c.i.
1969-71 8 11.9 0.67 0.29-1.32
1972-74 10 15.0 0.67 0.32-1.23
1975-77 12 16.4 0.73 0.38-1.27
1978-80 12 23.3 0.52 0.27-0.91
1981-83 26 24.0 1.08 0.71-2.24
1984-86 32 33.5 0.96 0.66-1.36
1987-89 58 38.6 1.50 1.14-1.94
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Table 3. Ratio of observed to expected post-neonatal
deaths from all causes in Rogaland by time period.

SIDS deaths
Time period Observed Expected O/E O/E 95% c.i.
1969-71 53 51.2 1.04 0.78-1.36
1972-74 41 45.6 0.90 0.64-1.22
1975-77 50 43.7 1.14 0.84-1.50
1978-80 61 46.4 1.31 1.00-1.68
1981-83 66 46.6 1.42 1.10-1.81
1984-86 81 553 1.46 1.16-1.81
1987-89 77 61.9 1.24 0.98-1.55

Table 4. Ratio of observed to expected post-neonatal
deaths from all causes in Hordaland by time period.

SIDS deaths
Time period Observed Expected O/E O/E 95% c.i.
1969-71 64 67.8 0.94 0.72-1.20
1972-74 54 62.3 0.87 0.65-1.14
1975-77 43 54.2 0.79 0.57-1.07
1978-80 37 52.5 0.70 0.49-0.97
1981-83 49 52.5 0.93 0.69-1.23
1984-86 56 61.1 0.92 0.69-1.20
1987-89 87 69.8 1.25 1.01-1.54

national average from the mid 1970s onwards. In Hor-
daland postneonatal mortality rates remained below
the national average until the late 1980s when, as for
SIDS, there was a sharp increase.

DISCUSSION

In the early 1970s, before the major influx of popu-
lation associated with oil-related development, SIDS
risk in Rogaland was below the average for Norway as
a whole. Following this influx there was a large and

persistent increase in SIDS incidence such that risk has
been above the Norwegian average since the mid-
1970s, significantly so (at the 0.05 level) in four out of
five periods. This means that Rogaland saw a remark-
able change from substantially below to substantially
above average SIDS risk with the change following
shortly after the population influx. During the 1970s
there was little change in the relative risk of SIDS in
the neighbouring county of Hordaland, which was
little affected by oil-related development or in-
migration. Factors such as unusual patterns of weather
conditions which would have affected the whole of
western Norway cannot have caused the rise in
Rogaland since they would have also produced a
corresponding increase in Hordaland, and none was
observed. Instead, some more localised aetiological
factor had begun to operate strongly in Rogaland, but
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not in nearby Hordaland. The possibility that this was
an increase in population mixing associated with oil-
development is further supported by the fact that when
Hordaland did experience an influx of population in
the late 1980s, as the balance of oil activity moved
northwards, there was a sharp rise in SIDS incidence.

One possibility is that the observed increases in
SIDS incidence in Rogaland and Hordaland was the
result of changes in diagnostic practices with some
deaths that were previously attributed to another cause
being classified as SIDS cases. If this was the case the
increase in SIDS deaths would have been matched by
a corresponding reduction in deaths from other causes,
with overall death rates remaining constant. The
analysis of changes over time in postneonatal mortality
from all causes shows that this was not the case. In
Rogaland these increased from the mid 1970s on-
wards, whereas in Hordaland a substantial increase did
not take place until the late 1980s. This suggests that
the observed changes in the relative risk of SIDS in the
two counties is unlikely to have been the result of
changing diagnostic practice.

Another explanation for the observed changes and
their association with changes in population mixing
might be confounding by some known aetiological
factor for SIDS. For example, there is overwhelming
evidence that the prone sleeping position increases risk
and that the numbers of SIDS deaths in Norway (12)
and several other countries (13-15) have fallen
substantially following campaigns to change sleeping
position. However, the period covered by the present
study was before widespread acceptance of this risk or
actions to avoid it and there is no evidence that there
were marked changes towards the prone sleeping posi-
tion in Rogaland in the mid 1970s and Hordaland in
the late 1980s. SIDS risk is also known to be related to
adverse socioeconomic circumstances (3) but income
levels in Rogaland and Hordaland (11) have tended to
increase relative to the Norwegian average suggesting
that social conditions have improved, not deteriorated.
Similarly, illegitimacy is associated with high SIDS
risk (3) but illegitimacy rates in Rogaland and Horda-
land have remained below the Norwegian average
throughout the period studied. It is also known that
maternal smoking (11) increases the risk of SIDS but
rates of cigarette smoking by women in Rogaland and
Hordaland were below the national average at the time
when the SIDS death rates went above the national
rates (16). There is therefore no evidence that the
observed changes in SIDS risk can be accounted for by
known aetiological factors, although confounding by
other unsuspected risk factors can never be excluded.

Therefore, we conclude that in both areas popula-
tion influxes resulting from oil-related development
were followed by a significant increase in mortality
rates from SIDS. Since there is no evidence that these
trends can be accounted for by changing patterns of
known risk factors for SIDS in these areas or of
artefacts in the registration of SIDS cases an alterna-
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tive explanation is required. The consistency of the
findings of the present study with the earlier cross-
sectional British study (10) support the hypothesis that
population mixing may be a significant factor in the
aetiology of SIDS. It is also consistent with evidence
of associations between population mixing and the
incidence of childhood leukaemia (6-9). Our study
design does not provide direct evidence on the mecha-
nisms by which population mixing might affect the
risk of SIDS. However, the association that has been
observed is consistent with population mixing exerting
an influence on exposure to common infections which
may be involved in some sudden infant deaths.
Recently it has been shown (17) that infants shown to
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have abnormally long QT intervals on electrocardio-
grams are at greatly increased risk of SIDS. It is un-
likely that the proportion of infants with prolonged QT
intervals would vary geographically and temporally in
ways that would directly explain the variations in
SIDS risk observed in the present study. A more
plausible explanation is suggested by the authors of
the new study who point out that since most infants
with prolonged QT intervals did not die of SIDS some
other factors must interact with the prolonged QT
intervals in the postnatal period to precipitate the lethal
event. Given the strong evidence (5) of an aetiological
role for infections in SIDS these are clearly one
amongst a number of possibilities.
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