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ABSTRACT: This study aimed to investigate whether seasonal variation in day
length contributed to winter/summer variation in sudden infant death syndrome
(SIDS) at different latitudes in mainland Britain.

Over 11 yrs 13,973 deaths were studied. Using appropriate analytic techniques a
sine curve was fitted to monthly rates with the amplitude indicating magnitude of sea-
sonal change.

The rate of SIDS per 1,000 live births was the same (1.73) in the north as in the
south. The amplitude was a quarter less in the north (41.3%) than in the south
(54.2%) (p<0.001). While annual rates did not differ, the within year distribution did.
The findings for seasonality of SIDS births were similar (amplitudes: north 21.3%,
south 32.3%). Correlations were made between SIDS amplitude and individual envi-
ronmental factors, particularly temperature and day length. These complex issues,
while reported briefly, do not allow firm conclusions. In the north the winter day
length is shorter, sunshine hours are less and temperature is lower, but the winter
increment in SIDS is less.

The extent of seasonal variation of sudden infant death syndrome is greater in the
south as compared with the colder, darker north but this has no effect on sudden
infant death syndrome rates. Changing photoperiod by latitude, amongst other envi-
ronmental influences, may hold clues to the aetiology of sudden infant death syn-
drome.
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Seasonal variation is a well-known epidemiological fea-
ture of sudden infant death syndrome (SIDS) [1, 2]. In the
northern hemisphere the months with the highest incidence
are December, January and February and the values form
a plateau during these months. Month of birth for infants
who subsequently suffer SIDS is also seasonal, with the
greatest risk for births in the late summer to early autumn
[3, 4]. This seasonal birth risk appears to be an independ-
ent risk factor, although on multivariate analysis it is less
powerful than age at death and the winter environment [4±
6].

The cause of excess winter deaths in SIDS remains uni-
dentified. Respiratory viral infection remains a prime sus-
pect but is much debated [7, 8]. A hypothesis that in SIDS
there is disturbance of airways development in combina-
tion with subclinical bronchiolitis has been proposed by
MARTINEZ [9], although the present group have found no
predictable relationship between features of SIDS and hos-
pital admissions for acute bronchiolitis in infancy [10]. Of
the various weather features, temperature has been exam-
ined most frequently. Disorders of or immaturity of body
temperature regulation have been implicated in SIDS [11],
the features of which may be compounded by intercurrent
(mainly viral) respiratory diseases and parental concerns
about maintaining their infant's body temperature. Be-
cause the numbers of SIDS deaths are greatest at 2±4
months of age, maturation defects are possible mechan-
isms. In addition to temperature regulation, maturation fail-

ure of the pineal gland and melatonin production have
been hypothesized [12].

Since there are climatic differences between the north
and south of mainland Britain, seasonality of SIDS was
examined in different geographical areas from Scotland in
the north to Devon and Cornwall in the south.

Subjects and methods

Patients

Month of birth and month of death from SID (Interna-
tional Classification of Diseases (ICD) 9th Revision
(798.0)) were obtained from the Office of Population,
Censuses and Survey for England and Wales (OPCS) and
the General Register Office for Scotland for the years
1982±1992. In order to maintain confidentiality, the month
of birth and month of death, but not the exact day of birth
and death, were provided. Those diagnosed as SIDS in the
first month of life were included. The diagnosis of SIDS is
dependent on post mortem examinations by experienced
pathologists and is very tightly controlled by law. In this
series of 13,973 cases, those deaths in 1982 with a birth
date in 1981 were excluded. The data were examined as a
whole and by each Regional Health Authority (RHA) in
England and Wales, and in Scotland. The rate of SIDS
deaths per 1,000 live births was used throughout.
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Statistical methods

The technique described by HALBERG et al. [13] (cosi-
nor analysis) was used, which has been used in previous
work [14] and critically reviewed [15]. This is equivalent
to fitting a cosine or sine curve to the data and can also be
implemented using standard statistical software. This sine
wave function was fitted to the monthly data (for both
month of death and month of birth), identifying the good-
ness of fit and establishing the timing and magnitude of
the fluctuation. For each set of monthly data the annual
peak position (acrophase) and the extent of seasonal varia-
tion (amplitude) were calculated. Amplitude was express-
ed as a percentage above the monthly mean.

Methods

Data were grouped by the 15 RHA in England and Wales
(before the 1995±96 reorganization), with Scotland mak-
ing up the 16th geographical area with photoperiod (day
length). Weather data were obtained from the UK Meteor-
ological Office for weather stations in or close to the main
populations in each of these regions. For the 11-yr period
monthly averages were available for temperature and hours
of bright sunshine.

Unpaired t-tests were used to compare values of rates
and seasonal amplitudes in eight northern regions with eight
southern regions. Linear regression was used to relate rates
and amplitudes of death to latitude, although conclusions
based on linear regression had to be tentative because the
eight areas in the south had only a very small variation in
latitude. Similar comparisons were made with the climatic
variables.

Results

The numbers and rates of SIDS per 1,000 live births are
given in parenthesis in each region. In the north were
Scotland (1,466: 2.03), Northern (706: 1.60), Yorkshire
(1,067: 1.99), North-Western (1,236: 2.00), Mersey (612:
1.71), Trent (823: 1.24), West Midlands (1,233: 1.57) and
East Anglia (484: 1.75). In the south were Wales (638:
1.56), Oxford (579: 1.54), North West Thames (832: 1.55),
North East Thames (860: 1.44), South-Western (957: 1.69),
Wessex (827: 2.09), South West Thames (700: 2.25) and
South East Thames (953: 1.78). The north and south divi-
sion was an approximate latitude line of 528. Wales was
placed in the south because the majority of the population
lives in the southerly areas (fig. 1).

Using an unpaired t-test, mean SIDS rates were not sig-
nificantly different between the north (1.73) and the south
(1.73). The standard deviations were 0.27 in the north and
0.29 in the south. Table 1 and figure 2 show that the rates
in the south were higher in the winter and lower in the
summer compared with the north. Rates in summer (June,
July and August) and winter (December, January and Feb-
ruary) were compared for the eight northern regions (24
values) and the eight southern regions. Using an unpaired
t-test the mean summer rate was greater in the north (eight
regions) than in the south (eight regions) and the winter
rate was lower in the north than the south, although not
reaching significance. Comparisons were also made bet-
ween the four most northerly regions and the four most

southerly regions and the differences were significant
(table 1). These differences are also shown in figure 2a
alongside a comparison of annual change in photoperiod
(fig. 2b).

Amplitudes of death month and birth month were lower
in the north (e.g. for deaths: Scotland 40%; Northern Health
Authority in England 38%) than in the south (South-West-
ern 55%; Wessex 63%) and are shown for all regions in
figure 1. In the eight northern regions the mean�SD death
amplitude was 41.3�4.04%, compared with 54.2�6.77%
for the south. The corresponding values for birth ampli-
tudes were 21.3% and 32.2%. Both of these amplitude
comparisons were statistically significant in an unpaired
t-test (p<0.001).
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Fig. 1. ± Amplitude of sudden infant death syndrome: births and deaths
in the 16 regions used in the study. Within each region the amplitude of
death is given in a black background, and that of births on a white back-
ground. The division between the eight "northern" and eight "southern"
regions is shown as a dotted line.

Table 1. ± Incidence of sudden infant death syndrome in
summer and winter (rates per 1,000 live births)

Summer Winter

Eight regions north 1.13�0.26 2.48�0.44
Eight regions south 0.93�0.25 2.67�0.58
Comparison of 24 rates+ t=2.79, p<0.01 t=1.30, p=NS

Four most northerly regions* 1.24�0.25 2.69�0.25
Four most southerly regions{ 1.02�0.23 3.10�0.25
Comparison of 12 rates+ t=2.27, p<0.05 t=2.73, p<0.05

Data are shown as mean6SD. +: t-test; *: Scotland, Northern,
North-Western, Yorkshire; {: South-Western, Wessex, South
West Thames, South East Thames.

96 A.S. DOUGLAS ET AL.



Figure 3a shows a scattergram of death amplitude plot-
ted against latitude and there appeared to be an inverse
relationship between the two (r=-0.76, p<0.001). Birth am-
plitude gave a similar result (r=-0.72, p<0.001). However,
these linear regressions should be interpreted with caution
as the eight southern regions had similar latitude values,
causing a bunching of results at 50±528 and two horizontal
lines fitted separately through the two groups of eight re-
gions provided a similar quality of fit to the data.

Figure 3b shows a scattergram of the SIDS rates (SIDS
per 1,000 live births) against latitude with no suggestion
of any relationship (r=0.07, p=NS). Annual means of tem-
perature and sunlight hours for the eight northern regions
and eight southern regions were significantly different (table
2). Latitude and photoperiod data are also shown in table
2. On cosinor analysis, SIDS rates and day length sug-
gested an inverse relationship in the north/south compari-
son (fig. 2). In contrast, there was no clear suggestion of
any such relationship among SIDS rates on the amplitude
of environmental temperature (r=0.49) or sunshine hours

(r=0.29). Regression gave no evidence for a linear rela-
tionship when regional amplitudes of death were regress-
ed on amplitudes of climatic features. The amplitude of
death in each of the regions decreased with increased am-
plitude of photoperiod (r=-0.76 and p<0.001), the same
result (with the same reservations) as the comparison with
latitude already shown in figure 3a.

Discussion

There appears to be a variation in the amplitude of sea-
sonality of SIDS deaths (and births) between the south
and the north of mainland Britain, but without differences
in annual rates. To the authors' knowledge this is the first
examination of SIDS in this respect. The finding of a
decreased extent of seasonal variation for SIDS in the north
compared with the south would, at first sight, be contrary
to common expectation. Because most SIDS deaths oc-
cur under 4 months of age, no one infant is exposed to all
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Fig. 2. ± Comparison of rates of sudden infant death syndrome (SIDS). The ordinate is the percentage of a) the mean monthly rate and b) the mean
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Fig. 3. ± Scattergrams of comparison of latitude with a) amplitude of death and b) rates of sudden infant death syndrome (SIDS). In (a) seven of the
eight southern regions are bunched together below 528 latitude and no linear regression line has been illustrated. There was no significant correlation in
(b).
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seasons of the year and the results reflect the experience of
the group.

For mortality from all causes in a whole population
there is an increase in the winter [16, 17]. In the northern
hemisphere the acrophase (peak) of total population mor-
tality is fixed to January [18] and the amplitude is minimal
near the equator reaching maximal values in mid-latitude.
As latitude increases towards the North Pole the ampli-
tude declines, so that in Scandinavia it is only one-third of
that in the Mediterranean area. ASCHOFF [18] has also ex-
amined seasonality of all births and found the maximal
amplitude to be at about 20±258 latitude. Some of these
issues on latitude have been confirmed in a single country,
Chile, which is unique in that it spans a large range of lati-
tude (19±538), while having similar geographical and social
features throughout its length [19, 20]. These observations
on the influence of latitude on births and whole population
mortality may or may not be relevant to SIDS. The lati-
tude changes in Britain are small and these findings would
need to be replicated for the whole hemisphere. The am-
plitudes of seasonality of deaths and births in SIDS rep-
orted here are much greater than for total mortality or births
[18] and, hence, the mechanisms might be different.

The question of environmental variables, such as cli-
matic conditions, and their relationship to these findings
have not been emphasized. In addition to the concerns
about the representativeness of single weather stations for
each of the 16 regions, the latitude differences in tempera-
ture and sunshine hours are small in Britain, although mean
values are lower in the north than in the south (table 2).
The amplitude of temperature and sunshine hours is broad-
ly similar throughout Britain, while the amplitude of pho-
toperiod is greater in the north.

Despite these concerns, the seasonality of SIDS deaths
and births is different between the north and south of
mainland Britain and remains to be explained. The divid-
ing line (approximately 528 latitude) chosen was bordered
by Wales, Oxford and two northern London Metropolitan
regions. Wales rather than East Anglia was chosen to be
included in the south because its main population is in the
southern coastal fringe. The land mass of Wales extends
further north than East Anglia. The inclusion of East An-
glia in the south and Wales in the north substantially in-

creased the difference between north and south (data not
shown). While the authors have no explanation for this
finding, it tends to strengthen the results.

Some environmental influences are likely to cause the
observed variation in SIDS. Since the annual rates are the
same between north and south, these influences produce
their effects by redistributing deaths in different propor-
tions throughout the year without changing the total ann-
ual numbers. There are relatively more summer deaths in
northern regions and fewer in winter, compared with south-
ern regions (fig. 2).

The observation that the amplitude of photoperiod (but
not of temperature or sunshine hours) appears to be asso-
ciated with amplitude of SIDS suggests a possible role for
the photoneuroendocrine axis in the pathogenesis of SIDS,
while recognizing that associations do not provide proof
of causation.

Melatonin is secreted by the pineal gland in response to
darkness. Most SIDS deaths occur during sleep, although
not necessarily during darkness [21]. It may be of rele-
vance that the normal sleep pattern concentrated at night
is established around the second month of life, the time of
greatest risk of SIDS [22]. The amplitude of photoperiod
(but not of temperature or sunshine hours) differs between
north and south and could be associated with the observed
amplitude difference of SIDS. There is an extensive litera-
ture on diurnal and seasonal changes in melatonin [23±
31]. Studies of daily melatonin rhythm show a phase delay
of melatonin secretion in winter compared with summer
of 1±2 h [26, 29], whereas quantitative melatonin seasonal
differences are debated. There are suggestions of pineal
immaturity in SIDS, and WEISSBLUTH and WEISSBLUTH [12]
have hypothesized that SIDS is associated with impaired
maturation of the photoneuroendocrine system. In support
of this hypothesis, melatonin levels in the cerebrospinal
fluid have been found to be significantly lower in SIDS
infants than in controls at autopsy [25]. However, any re-
lationship between photoperiod and SIDS must remain
highly speculative.

Despite the fall in the incidence of sudden infant death
syndrome the epidemiological feature of seasonality is
still present [32]. The present study was mainly concerned
with the seasonality of sudden infant death syndrome be-
fore the major fall in incidence following the adoption of
the supine sleeping position and these findings could,
therefore, be relevant in the pursuit of aetiology.
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