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Abstract

Objective To assess the relationship between diurnal temperature range (DTR) and sudden infant
death (SID) between 2001 and 2004 in Shanghai, China.

Methods We conducted a time-stratified case-crossover analysis to estimate the percent increase of
SID associated with changes in DTR after adjustment for daily weather conditions (temperature and
relative humidity) and outdoor air pollution.

Results DTR was significantly associated with daily SID. An increase of 1 °Cin the current-day (LO) and
in the 2-day moving average (LO1) DTR corresponds to a 1.56% (95% Cl: 0.97%, 2.15%) and a 1.89% (95%
Cl: 1.17%, 2.60%) increase in SID, respectively.

Conclusion An increased DTR was associated with an increased risk of SID in Shanghai. More studies

are needed to understand the effect of DTR on infant deaths.
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INTRODUCTION

of post-neonatal infant death. The rate of

SID has decreased significantly since the

launch of awareness campaigns that promote the

supine sleeping position. However, the risk factors

for SID have still not been fully elucidated™.

Previously, maternal smokingm, alcohol intakem, and

exposure to air poIIutionm have been associated

with SID. Weather conditions were also associated
with increased risk of SID".

It has been known for a long time that temperature

Sudden infant death (SID) is a leading cause

can have an effect on human health. Global warming
and other climate phenomena, such as El Nino, have
sparked new interest in the weather—health relationship[G].
The relationship between temperature and adult
mortality is well established!”. Typically, a U-shaped
relationship between temperature level and mortality
risk is observed, with mortality risk decreasing from
the lowest temperature to an inflection point and
then increasing with higher temperatures. Of course,
this relationship varies in areas that have different
weather patterns, latitude, levels of air pollution and
prevalence of air-conditioning systemsm.

Diurnal temperature range (DTR) is defined as
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the difference between maximal and minimal
temperatures within one day. DTR is a weather
parameter closely associated with urbanization and
global climate changels]. Previously, DTR was shown
to be an independent risk factor for mortality from
coronary heart diseaselg], strokeuo], and chronic
obstructive pulmonary disease (COPD)[H]. We
hypothesized that large diurnal temperature changes
might increase the environmental stress on infants,
thereby representing a new risk factor for SID. We
used daily DTR and SID data from Shanghai, China to
test our hypothesis using a case-crossover analysis.

MATERIALS AND METHODS
Data

Our study area comprises the nine urban
Districts of Shanghai (289 km?). These urban Districts
are Huangpu, lJin’an, Luwan, Xuhui, Yangpu,
Changnin, Yangpu, Putuo, and Zhabei. Daily numbers
of SID in the nine urban Districts of Shanghai from
January 1, 2001 to December 31, 2004 were
collected from the database of the Shanghai
Municipal Center of Disease Control and Prevention
(SMCDCP). In Shanghai, all deaths are required to be
reported to appropriate authorities before cremation.
The place of death for Shanghai residents can be
considered as either hospital or home. In both cases,
the hospital or community doctors fill in the Death
Certificate Cards. The information on the Cards is sent
to SMCDCP through their internal computer network.
SID is defined as a sudden, unexplained death of a
child<1 year of age for which a clinical investigation
and autopsy fail to reveal a cause of death.

Meteorological data (daily minimum, maximum
and mean temperature, and relative humidity) were
obtained from the Shanghai Meteorological Bureau.
The weather data were measured at a fix-site station
located in the Xuhui District of Shanghai.

As a possible confounding factor in studying the
association between DTR and SID™*™ daily air
pollution data from 2001-2004, including levels of
PMj,, SO,, NO,, and O3, were collected from the
Shanghai Environmental Monitoring Center.

Statistical Analysis

We analyzed the DTR and SID data with a
time-stratified case-crossover design. The case-crossover
design, which was first proposed by Maclure to study
the transient effect of an intermittent exposure“sl,
has been used to study the health effects of acute
environmental exposure™. The case-crossover

approach is a design in which only cases are sampled,
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and their exposure at the time of their failure is
compared with some estimate of their typical level
of exposure. This approach only requires exposure
data for cases and can be regarded as a special type
of case-control study in which each case serves as
his/her reference. Therefore, case-crossover design
has the advantage of controlling for potential
confounding factors caused by fixed individual
characteristics, such as gender, race, diet, and age.
Recently, time-stratified reference selection, (time is
divided into fixed strata and the days in a stratum
are used as references for a case that falls in that
stratum) was shown to be able to avoid subtle selection
bias issues and result in an unbiased estimate using
conditional logistic regression models™™”.

In our analysis, we selected control days
matched to the same day of the week in the same
month of the same year when a SID occurred (a case
day). This control selection strategy was expected to
adjust for the effects of long-term trends,
seasonality, and the day of week ™. The association
between DTR and SID was measured by odds ratios
(ORs) using conditional logistic regression. After
control for current-day mean temperature, relative
humidity and air pollutant concentrations, ORs were
expressed for each 1 °C increment of DTR.

To present the lag pattern of the association
between DTR and SID, we examined the effect of
DTR with different lag (L) structures, including both
single-day lag (from LO to L6) and multi-day lag (LO1
and LO6)[19]. For example, in single-day lag models, a
lag of 0 day (LO) corresponds to the current-day DTR,
and a lag of 1 day (L1) refers to the previous-day DTR;
in multi-day lag models, LO1 corresponds to the
2-day moving average of DTR of the current and
previous day, and LO6 corresponds to 7-day moving
average of DTR of the current and previous 6 days.
Normally, there is a U-shaped relationship between
mortality risk and temperature level”. Because the
effect of DTR may vary between cold days (below
the “inflection point”) and warm days (above the
“inflection point”), we conducted the analysis
separately in these two periods.

We carried out time-stratified reference
selection using the statistical software package SAS,
version 9.1 (SAS Institute Inc, Cary, NC, USA), and
conducted conditional logistic regression analysis
using the COXPH procedure in R 2.11.0%. The
results are presented as the percent change in SID
per 1 °Cincrement of DTR.

RESULTS

From 2001 to 2004, a total of 1 728 SID cases
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were recorded in Shanghai. The mean temperature
level ranged from -2.4 to 34.0 °C. The minimal, mean
and maximal DTR were 1.0, 6.8, and 16.6 °C,
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respectively. The mean air pollution levels were
101.9 pg/m’ for PMy,, 44.7 pg/m® for SO, 66.6
ug/m3 for NO,, and 63.5 ug/m3 for O3 (Table 1).

Table 1. Summary Statistics of Daily SID Number, Weather Conditions and Air Pollutant Concentrations in
Shanghai in 2001-2004

Mean SD Min P(25) Median P(75) Max

SID Counts 1.19 0.26 0 0 1 2 5
DTR (°C) 6.8 2.7 1.0 48 6.8 8.7 16.6
Meteorological Mean Temperature (°C) 17.7 8.5 24 103 183 24.7 34.0

Measures

Relative Humility (%) 72.9 11.4 333 655 73.5 81.0 97.0
PMyo (pg/m?) 101.9 64.4 140 560 84.0 1280  567.0
Air Pollutants S0, (ug/m?) 44.7 24.2 80  27.0 40.0 560  183.0
Concentrations NO, (g/m?) 66.6 24.8 140 500 62.0 790 2540
05 (ug/m’) 63.5 35.5 54 384 57.2 818 2123

Table 2 shows results from the single-lag day
(LO-L6) and the cumulative exposure models (LO1
and LO6) for the percent increase in SID per 1 °C
increase in DTR. The effects of DTR on SID are
statistically significant for most lagged days that we
examined (Table 2). For example, an increase of 1 °C
in the current-day (LO) and in the 2-day moving
average (LO1) DTR corresponds to a 1.56% (95% Cl:
0.97%, 2.15%) and a 1.89% (95% Cl: 1.17%, 2.60%)
increase in SID, respectively. We did not find
significant associations of air pollutants with SID
(data not shown).

Table 2. Percent Increase (Mean and 95% Cl) of Daily
SID Associated with a 1 °C Increase in the DTR

Lag (L) Mean (95% Cl) P value
LO 1.56 (0.97, 2.15) <0.01
L1 1.28 (0.68, 1.88) <0.01
L2 1.03 (0.45, 1.61) <0.05
Single-day Lag L3 2.51(1.95, 3.08) <0.01
L4 1.95(1.39, 2.51) <0.01
L5 1.49 (0.93, 2.05) <0.01
L6 0.96 (-0.39, 2.31) >0.05
Multi-day Lag LO1 1.89 (1.17, 2.60) <0.01
LO6 3.44 (2.58, 4.31) <0.01

Table 3 provides the regression results for DTR
with respect to SID, stratified by the temperatures
above (“warm days”) or below (“cold days”) the
inflection point of 21 °C. For the cold days, a 1 °C
increase of the 2-day moving average of DTR (L01)
corresponded to a 2.15% (95% Cl: 0.45%, 3.85%)
increase in SID; for the warm days, an increase of
1 °C DTR corresponded to a 1.58% (Cl: 0.68%, 2.48%)
increase in SID.

Table 3. Percent Change in SID and 95% Confidence
Intervals (Cl) per 1 °C Increment in DTR at Different
Temperature Levels

/ Mean (95% Cl) P value
All time 1.89 (1.17, 2.60) <0.01
<21°C 2.15 (0.45, 3.85) <0.01
>21°C 1.58 (0.68, 2.48) <0.01

Figure 1 presents the exposure-response curve
for the DTR-SID association. Generally, there was an
almost linear relationship for most observed DTR
levels (chi-square test for linearity, P value >0.05).
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Figure 1. Smoothing plot of DTR against SID
risk. X-axis is the DTR level (°C). The estimated
mean percentage change in SID is shown by
the solid line, and the dotted lines represent
twice the point-wise standard error.

DISCUSSION

The acute effect on SID of environmental factors,
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such as ambient air pollutants (particles, SO,, NO,,
0;, and CO)[4] and weather conditionsls], have been
previously reported. Evidence gained in this study
shows that temperature variation within one day,
the DTR, is also associated with increased risk of SID.
Moreover, the association remained statistically
significant after adjustment for temperature level
and other covariates, suggesting that DTR is a new
risk factor for SID, independent of the corresponding
temperature level. To our knowledge, this is the first
study to report the acute effect of DTR on SID.

Although the underlying mechanism is still
unclear, previous studies have shown that sudden
temperature change might increase cardiopulmonary
workload and induce the onset of a cardiopulmonary
event™??. For SID, we hypothesized that a wide DTR
might be a source of additional environmental stress,
and stress on the cardiopulmonary system is
increased during periods of high temperature change.
For example, in a human study, a sudden temperature
change of inhaled air has been associated with the
release of inflammatory mediators associated with
mast cells™.

The limitations of our analyses should be noted, and
substantial additional investigation of this association
remains to be performed. As in other studies in this
field, we used the available environmental monitoring
data to represent the exposure of the population to
DTR and other covariates. Numerous factors, such as
air conditioning and ventilation rate between indoor
and outdoor air, may affect the monitoring results
from fixed stations, which are surrogates of personal
exposure to DTR. The differences between these
proxy values and the true exposures are an inherent
and unavoidable type of measurement error. Also, it
is uncertain whether air pollutants are confounders
or effect modifiers (i.e., a synergistic effect) of the
DTR-SID association. Future research should study an
aggregate weather variable that incorporates
temperature, temperature range (e.g. DTR), relatively
humidity, dew point and wind speed. Investigation
of the effects of air-conditioning and heating
systems on the association between DTR and SID
should be conducted given the wide use of these
facilities in Shanghai.

In summary, although the relationship between
climate change and DTR varies across the globe and
our findings about DTR and SID might not necessarily
apply to other areas of world, our data suggest that
even a slight increase in DTR is associated with an
increased risk of SID. By focusing on the preventative
aspects of SID, e.g. DTR, we can reduce SID more
significantly. Public health programs should be
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implemented to prevent heat and cold-related
health problems, including the effects of the DTR. Of
course, our findings require replication, especially in
areas with different weather patterns and in areas
where air conditioning systems are prevalent.
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