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Hospital admissions as a function of temperature, other weather

phenomena and pollution levels in an urban setting in China
Emily YY Chan,* William B Goggins,” Janice SK Yue? & Poyi Lee*

Objective To explore the relationship between weather phenomena and pollution levels and daily hospital admissions (as an approximation
to morbidity patterns) in Hong Kong Special Administrative Region (SAR), China, in 1998-2009.

Methods Generalized additive models and lag models were constructed with data from official sources on hospital admissions and on mean
daily temperature, mean daily wind speed, mean relative humidity, daily total global solar radiation, total daily rainfall and daily pollution levels.
Findings During the hot season, admissions increased by 4.5% for every increase of 1 °C above 29 °C; during the cold season, admissions
increased by 1.4% for every decrease of 1 °C within the 8.2-26.9 °C range. In subgroup analyses, admissions for respiratory and infectious
diseases increased during extreme heat and cold, but cardiovascular disease admissions increased only during cold temperatures. For every
increase of 1 °Cabove 29 °C, admissions for unintentional injuries increased by 1.9%. During the cold season, for every decrease of 1 °C within
the 8.2-26.9 °Crange, admissions for cardiovascular diseases and intentional injuries rose by 2.1% and 2.4%, respectively. Admission patterns
were not sensitive to sex. Admissions for respiratory diseases rose during hot and cold temperatures among children but only during cold
temperatures among the elderly. In people aged 75 years or older, admissions for infectious diseases rose during both temperature extremes.
Conclusion In Hong Kong SAR, hospitalizations rise during extreme temperatures. Public health interventions should be developed to
protect children, the elderly and other vulnerable groups from excessive heat and cold.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

According to the Intergovernmental Panel on Climate Change,
global climate change poses major health threats and shift-
ing temperature patterns in the 21st century are expected
to substantially affect the burden of disease worldwide.'”
Although there is evidence of an association between outdoor
temperature and mortality rates, the interplay between the two
remains only partially understood in Asia because of a lack
of databases with comprehensive, comparable data for most
urban communities in low- and middle-income settings.'*"!
Evidence from European and American cities suggests that
when outdoor temperatures are unusually high, there is a rise
in hospital admissions'*'*"** for respiratory ailments, renal dis-
eases,'” and infectious diseases (both vector-borne and food-
borne) and cerebrovascular accidents, including subarachnoid
haemorrhage' and transient ischaemic attacks.'*** The risk of
admission appears to be higher among the critically ill,” the
very young, the very old, people of low socioeconomic status,**
people with pre-existing medical conditions,'*'® health-care
workers, pregnant women®’ and people who are institutional-
ized, live alone or have poor mobility.”

Hong Kong Special Administrative Region (SAR), China,
has recorded one of the world’s highest average increases in
ambient temperature.”® A study of the relationship between
outdoor temperature and mortality in the city has shown a
cumulative increase in mortality of 1.8% for every increase
of 1 °C above 28.2 °C in mean daily outdoor temperature.”
According to another study on help-seeking behaviour in the
city, elevated temperatures are associated with an increased
volume of calls to an emergency hotline, particularly from
women and elderly people.”” In light of these findings, the main

objectives of this study were to examine whether rates of injury
and disease fluctuate in relation to outdoor temperature and
other environmental parameters in Hong Kong SAR by looking
at hospital admissions, and to identify high-risk population
subgroups. The ultimate aim is to facilitate policy to mitigate
the negative health effects of changing climate patterns.

Methods

We conducted a retrospective ecological study using data on
outdoor temperature, pollution levels and routine hospital
admissions in Hong Kong SAR from 1 January 1998 to 31 De-
cember 2009. Meteorological variables, including mean daily
temperature (MDT), mean daily relative humidity (MDRH),
mean daily wind speed (MDWS), daily total global solar radia-
tion (DTGSR) and total daily rainfall (TDR), were obtained
from the Hong Kong SAR Observatory. Mean daily pollution
levels were based on hourly concentrations of nitrogen dioxide
(NO,), sulfur dioxide (SO,), ozone (O,) and particulate mat-
ter measuring < 10 um. These data were obtained from the 11
general environmental data collection stations belonging to
the Environmental Protection Department.

The Hospital Authority in SAR keeps a citywide hospital
database that covers all admissions to public hospitals, which
represent 83% of all admissions. From this database we ex-
tracted data on routine hospital admissions by age, sex, dis-
trict of residence, name of hospital, admission and discharge
dates, cause of hospitalization, total length of hospital stay
and discharge status. We analysed data on admissions for the
following causes, as coded in the International statistical classi-
fication of diseases and related health problems, ninth revision:**
unintentional injuries (from external causes, codes 800-957;
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from accidents, codes E800-E949);
intentional injuries (intentional self-
harm, codes E950-E959; assaults, codes
E960-E969); infectious diseases, codes
001-139, 320-323 and 614-616; renal
failure, codes 584-586; diabetes, codes
249-250; cirrhosis, codes 571.5, 571.6,
571.8 and 571.9; cancer, codes 140-239;
circulatory diseases, codes 390-459; and
respiratory diseases, codes 460-519. All
analyses were conducted by sex and age
group (<15 years, 15-59 years, 60-74
years and >75 years).

Statistical modelling

We developed generalized additive
(Poisson) models to examine the as-
sociation between changes in MDT and
daily number of hospital admissions
attributable to the causes described in
the preceding section. Analyses were
conducted separately for the hot sea-
son (June to September) and the cold
season (November to March) to allow
for the lag effect of temperature on hos-
pitalization patterns. We used R version
2.10.1 (The R Foundation for Statistical
Computing, Vienna, Austria) for the
analyses. First we used R’s distributed
lag nonlinear model (dlnm) package
to determine how lagged effects should
be modelled, and then proceeded to fit
distributed lag models. We subsequently
fit the generalized additive models with
nonlinear smooth terms for MDT with
a lag from day 0 (same day) to day k,
where k was determined from the re-
sults of the distributed lag models. In
all models, we controlled for time trend
by means of a variable representing the
day of the study (with values from 1 to
4383), and we controlled for season by
means of another variable representing
the day of the year (with values from 1 to
365). We allowed each of these variables
a maximum of 4 degrees of freedom.

Results

From 1998 to 2009, temperatures
ranged from 22.2 °C to 31.8 °C during
the hot season; the average MDT was
28.4 °C and the average median daily
temperature was 28.6 °C. During the
cold season, temperatures ranged from
8.2 °Ct0 26.9 °C; the average mean and
median daily temperatures were 18.7 °C
and 19.0 °C, respectively. Table 1 shows
the number of routine hospital admis-
sions for various causes during the cold
season (November to March) and the
hot season (June to September). During
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Table 1. Hospital admissions during cold and hot seasons, by cause of admission, Hong

Kong Special Administrative Region, China, 1998-2009

Cause No. (%) of admissions

November—March? June-September®

Unintentional injuries 334291 (10.0) 270942 (10.4)
Intentional injuries 7921(0.2) 7038 (0.3)
Infectious diseases 165959 (5.0) 132647 (5.1)
Chronic diseases
Respiratory 620073 (18.6) 444628 (17.1)
Circulatory 544027 (16.3) 393495 (15.1)
Cancer 501898 (15.1) 419058 (16.1)
Renal failure 345166 (10.4) 267804 (10.3)
Diabetes 80190 (24) 62477 (2.4)
Cirrhosis 6984 (0.2) 5195 (0.2)
All other causes 725727 (21.8) 601857 (23.1)
Total 3332203 (100) 2605 141 (100)

2 Cold season.
b Hot season.

Note: Principal diagnoses were coded in accordance with the International statistical classification of diseases
and related health problems, ninth revision:** unintentional injuries, 800-957 and E800—E949; intentional
injuries, E950-E959 and E960—E969; infectious diseases, 001139, 320-323 and 614-616; renal failure,
584-586; diabetes, 249-250; cirrhosis, 571.5,571.6,571.8 and 571.9; cancer, 140-239; circulatory diseases,

390-459; respiratory diseases: 460-519.

Source: Hospital Authority of Hong Kong Special Administrative Region.

the study period, there were 7869661
hospital admissions, and 33.1% of them
took place during the hot season. Of the
causes of admission selected for analysis,
the most common one was respiratory
diseases, which accounted for 17.1% of
the admissions. This was followed by ad-
missions for cancer (16.1%), circulatory
diseases (15.1%), unintentional injuries
(10.4%), infectious diseases (5.1%) and
intentional injuries (0.3%).

Hot season

In the initial distributed lag models, the
effects of high temperature on admis-
sions peaked over a lag period of 3 to
6 days (lags 3-6) but persisted until the
10th day (lag 10) during the hot sea-
son. A smooth term with a maximum
representing the MDT with a lag of 0
to 10 days (MDT, ) was used in the
subsequent generalized additive model,
along with smooth terms for MDRH
with a lag of 0 to 10 days (MDRH ),
average DTGSR with the same lag pe-
riod (DTGSR((HO)) and MDWS with the
same lag period (MDWS | ). Same-day
rainfall (square-root-transformed) was
also included in all models based on
the hypothesis that heavy rain would
deter people from going to hospital.
All terms were initially allowed a maxi-
mum of 5 degrees of freedom, with ac-
tual degrees of freedom determined by
cross-validation using R’s mixed GAM
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computation vehicle (mgcv) package.
In the final model, MDT,, ,, showed
a statistically significant positive as-
sociation with daily admissions that
was roughly linear above 29 °C (Fig. 1).
The association between MDRH, and
hospitalizations was complex (Fig. 2),
but it was positive and approximately
linear between humidity values of about
73% and 84% (i.e. the 20th and 80th
percentiles of the variable’s distribu-
tion). Mean DTGSR  , and MDWS
were positively and linearly associated
with the number of daily admissions,
although the associations were not
statistically significant (P=0.23 and
0.49, respectively); mean NO, lagged
by 0-4 days, was positively associated
with the number of hospitalizations,
with the association being linear over
most of the range of this variable. The
final model hockey stick terms created
for temperature were:

Tyor=MDT 29

(0-10)

if MDT >29 °C, 0 otherwise:

(0-10)

T =29 - MDT

COLD (0-10)

if MDT ) <29 °C, 0 otherwise.

Linear terms were used for DTG-

SR MDWS ,, and NO, and a

(0-10) (0-10
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Fig. 1. Relative risk of hospitalization
as a function of mean daily
temperature lagged by 0-10
days (MDT(O_m), Hong Kong
Special Administrative Region,
China, 1998-2009

120
1154
110+
1.05+
1.00
0.95

0.90
T T T T

25 26 27 28 09
MDT, ,, (°C)

Relative risk

T 1
30 31

smooth term with a maximum of 5 de-
grees of freedom was adopted to account
for MDRH, ;. In this final model, a
significant association (P=0.003) was
found between MDT and daily hospital
admissions at temperatures above 29 °C.
For every rise of 1 °C above this thresh-
old, there was a 4.5% (95% confidence
interval, CI: 2.1-7.0) increase in admis-
sions. MDRH  , remained nonlinearly
and significantly (P<0.001) associated
with admissions, in a pattern similar to
that in Fig. 2. The number of admissions
showed a significant positive associa-
tion with mean NO, concentration, a
non-significant negative association
(P=0.18) with MDWS and a non-
significant positive association (P=0.64)
with DTGSR .

In subgroup analyses of the causes
of hospitalization, a rise in admissions
for respiratory diseases, infectious
diseases and unintentional injuries was
noted at temperatures above 28.5 °C.
There was no significant rise in admis-
sions due to other causes, including
cancer, circulatory diseases, diabetes
mellitus, renal failure or cirrhosis, at
these temperatures.

For respiratory diseases, the initial
model showed an increase in admissions
at an MDT | above 28.5 °C; a similar
association was noted between admis-
sions and mean MDRH . In the
subsequent model, a significant increase
in admissions for respiratory diseases
was found at temperatures above 28.5 °C
(P<0.001). For every rise of 1 °C above
this threshold, admissions rose by 7.6%
(95% CI: 5.1-10.2). Mean MDRH, ,,
remained nonlinearly and significantly
(P<0.001) associated with the number
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of admissions, in a pattern similar to
that in Fig. 2. For every increase of
10 mg per m’ in mean O, concentra-
tion lagged by 0-4 days, admissions for
respiratory diseases rose by 1.6% (95%
CI:0.7-2.4; P=0.0002); the association
between mean NO, concentration and
admissions became non-significant after
controlling for O,. Mean DTGSR
was significantly (P=0.003) associated
with admissions; for every increase of 5
milliJoules per m* in mean DTGSR
(approximately equal to the interquar-
tile range for this variable), admissions
for respiratory diseases rose by 3.2%
(95% CI: 1.2- 5.2).

For infectious diseases, the initial
model showed a significant associa-
tion (P=0.01) between MDT_,,, and
the number of daily admissions at
MDT,,_,,, values above 28.5 °C. Mean
MDRH, ,, also showed a significant
(P=0.0003) S-shaped association with
admissions at MDRH | values be-
tween 73% and 84%. This pattern was
also noted for admissions due to other
causes. Mean DTGSR ,_,, was not sig-
nificantly associated with admissions
for infectious diseases. The subsequent
model showed a significant association
(P<0.001) between admissions for in-
fectious diseases and MDT_,, at tem-
peratures above 28.5 °C; for every rise
of 1 °C above this threshold, there was
a 4.5% (95% CI: 2.2-6.9) increase in
admissions. Admissions for Salmonella
infections were particularly sensitive to
the effect of hot temperatures; they rose
by 11.4% (P<0.001) on the same day
and over the following 14 days for ev-
eryrise of 1 °Cin MDT,_ within the
range of temperatures observed in the
hot season (22.2-31.8 °C). MDWS .,
was also significantly (P=0.006) and
negatively associated with admissions
for infectious diseases, whereas mean
MDRH,_,, remained significantly
(P<0.001) and positively associated
with admissions, in a pattern similar
to than in Fig. 3.

Fig. 3 shows that during the hot sea-
son, admissions due to all causes peaked
3 to 6 days after a hot day. Fig. 4 shows
that admissions for respiratory dis-
eases peaked immediately and remained
higher but declined slowly over the next
4 days. Fig. 5 indicates that admissions
for infectious diseases peaked about 3
to 5 days after a hot day.

Our findings also indicate a sig-
nificant (P=0.006) increase of 1.9%
(95% CI:0.6-3.2) in admissions for
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Fig. 2. Relative risk of hospitalization as
a function of mean daily relative
humidity lagged by 0-10 days
(MDRH(O_W)), Hong Kong Special
Administrative Region, China,
1998-2009
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Fig. 3. Relative risk of hospitalization
for any cause at 32 °Cversus
29 °C(lag 0-10 days) during the
hot season,” Hong Kong Special
Administrative Region, China,

1998-2009
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Fig. 4. Relative risk of hospitalization
for a respiratory disease at 32 °C
versus 29 °C (lag 0-10 days)
during the hot season,* Hong
Kong Special Administrative
Region, China, 1998-2009
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Fig. 5. Relative risk of hospitalization
for an infectious disease at 32 °C
versus 29 °C (lag 0-10 days)
during the hot season,* Hong
Kong Special Administrative
Region, 1998-2009
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unintentional injuries for every rise of
1 °Cin MDT above 28.5 °C. The number
of admissions due to intentional injuries
(self-harm or harm to others) was not
significantly associated with a rise in
MDT above a certain threshold.

We conducted additional analyses
by sex and age group for admissions due
to respiratory and infectious diseases
(Table 2). No significant differences were
observed between the sexes. For respi-
ratory disease admissions, the increase
observed during hot weather was greater
among children (0-14 years) and young
adults (15-59 years) than among people
aged 60-74 years or people 75 years of
age or older. For infectious disease hos-
pitalizations, the increase in admissions
observed during hot weather was greater
among people 75 years of age or older
than among younger people.

Cold season

In the initial distributed lag models,
cold temperatures, lagged by 0-2 days,
showed a negative association with
admissions, but the association became
positive from lag 3 onwards, peaked
from lags 5 to 17 and remained positive
tolag 21 (Fig. 6). In subsequent analyses
we adopted the MDT lagged by 0 to 21
days (MDT_,,)), along with averages
of the other meteorological variables,
lagged by 0 to 21 days. For air pollut-
ants, the distributed lag models showed
an association between admissions and
mean NO, only on the same day (lag 0)
and the previous day (lag 1). Other pol-
lutants, however, showed no significant
association with admissions after con-

Research

Weather, pollution and hospitalizations in a Chinese city

trolling for mean NO,,. Therefore, in the
model we used mean NO,, lagged by 0
and 1 days (NO,, ), and we dropped
other pollutants. In subsequent analyses
in which smooth terms were used for
these variables, the associations between
the number of admissions and MDT,_,
(Fig. 7) and mean NO,,._,, were linear
over most of the variable ranges, and
the associations between admissions
and mean MDRH ,, and MDWS
were weak and nonlinear but significant.
The model showed no significant asso-
ciation between admissions and mean
DTGSR, ,,, Therefore, in the final mod-
els we used linear terms for MDT,,
and mean NO, , and smooth terms
for mean MDRH and MDWS

and we dropped DTGSR

(0-21) (0-21)?
from the
models.

(0-21)

In the cold season model, colder
temperatures were positively and sig-
nificantly (P<0.0001) associated with
admissions across the temperature
range observed in the cold season (8.2
t026.9 °C). For every drop of 1 °C below
the top value in this range (26.9 °C)
there was a 1.4% (95% CI: 0.9-1.8) in-
crease in admissions. For every increase
of 10 mg per m’ in NO, - 1) there was
a1.2% (95% CI:0.8-1.5; P=0.0015)
increase in admissions.

In subgroup analyses by cause of
admission, the models with linear terms
for mean NO,, ,, and MDT g, and
without other pollutants or DTGSR  ,,,
were also appropriate for admissions
for infectious diseases. For every 1 °C
drop in MDT_,,, from 26.9 °C there
was a 1.0% (95% CI: 0.4-1.6; P=0.002)

Table 2. Increase in admissions for respiratory and infectious diseases during the
hot season (June to September), by sex and age, in Hong Kong Special
Administrative Region, China, 1998-2009

Characteristic Respiratory diseases Infectious diseases
Increase® (95% Cl) P Increase® (95% Cl) P

Sex

Male 7.5(5.010 10.0) <0.0001 3.0(0.1t106.0) 0.041

Female 7.5(441010.6) <0.0001 6.0 (3.0t09.0) 0.0002

Age (years)

<15 19.5 (12910 26.4) <0.0001 7(02t074) 0.038

15-59 82(4.01t012.6) 0.0001 9(-271t04.1) 0.60

60-74 7134t 11.0) 0.0002 6(-20t07.3) 0.26

>75 49(191t08.0) 0.0014 6 (5610 13.8) 0.0001

(l, confidence interval.

2This represents the percentage increase in hospitalizations for every increase of 1 °C above 28.5 °Cin mean

daily outdoor temperature.

Fig. 6. Relative risk of hospitalization for any cause at 10 °C versus 25 °C (lag 0-21 days)
during the cold season,” Hong Kong Special Administrative Region, 1998-2009
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Fig. 7. Relative risk of hospitalization as a function of mean daily temperature

during the cold season® lagged by 0-21 days (MDT _,, ), Hong Kong Special
Administrative Region, 1998-2009
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Fig. 8. Relative risk of hospitalization for a respiratory disease as a function of mean

daily wind speed during the cold season® lagged by 0-21 days (MDWS

(o_m), Hong

Kong Special Administrative Region, 1998-2009
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increase in admissions. For every in-
crease of 10 ug per m’ in NO,, ,, there
was a 0.9% (95% CI:0.4-1.5) increase
in admissions.

For respiratory disease admissions,
linear terms were used for MDT
mean NO, , and mean O,, lagged by
0-1 days (Oy. 1))’ and smooth terms were
used for MDWS, and MDRH .
In this model, every 1 °C drop below

(0-21)
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26.2 °C in MDT ;) was accompanied
by a 4.3% (95% CI: 3.6-4.7) increase in
admissions. Every increase of 10 ug per
m®in mean NO, ,, was accompanied by
a0.5% (95% CI:0.03-1.0; P=0.035) in-
crease in admissions, and every increase
of 10 ug per m’ in O, ;) was associated
witha2.2% (95% CI:1.7-2.7; P<0.0001)
increase in admissions. MDWS |  also
showed a highly significant (P <0.0001)

Emily YY Chan et al.

association with admissions for respi-
ratory diseases. A sharp decrease in
admissions was noted at MDWS
values of 10 to 20 kilometres per hour
(km/h), followed by a slight increase at
values between 20 and 24 km/h (which
roughly corresponds to the interquartile
range for wind speed) and by another
sharp decrease at values between 24 and
40 km/h (Fig. 8).

For cardiovascular disease admis-
sions, linear terms were appropriate for
MDT ,,, MDRH,, , and mean NO, ,,
but MDWS , and DTGSR, ,,, were
dropped. In this model, every decrease
of 1 °C was accompanied, on average,
bya2.1% (95% CI: 1.6-2.5; P<0.0001)
increase in hospitalizations. For every
increase of 10 pg per m’ in NO,
there was, on average, a 1.6% (95%
CI:1.1-2.0; P<0.0001) increase in
admissions. For every rise of 10% in
MDRH,, ,,, hospital admissions rose
by 1.6% (95% CI:0.3-2.9; P=0.014).
There was no significant association
between MDT  ,, and hospital admis-
sions for renal disease or cancer; how-
ever, increases in mean NOZ((H) were
accompanied by significant increases
in admissions for these diseases.

We conducted subgroup analyses
by age and sex for hospital admis-
sions due to respiratory, infectious and
cardiovascular diseases (Table 3). Ad-
missions for respiratory diseases were
highly sensitive to cold temperatures
among children and people 75 years of
age or older, and admissions for infec-
tious and cardiovascular diseases were
the most sensitive to cold temperatures
among people aged 75 years or older.
No strong effect modification by sex
was noted.

The number of daily hospitaliza-
tions due to accidental causes was not
associated with same-day MDT during
the cold season, but it showed a signifi-
cant positive association with MDWS
and mean NO, concentrations (both
with lag 0) and a negative association
with MDRH. A higher MDT (lag 0)
showed a significant positive association
with the number of hospitalizations for
intentional injuries (assaults and at-
tempted suicides); every increase of 1 °C
above the lower end of the temperature
range observed during the cold season
(8.2 °C) was accompanied by a 2.4%
(95% CI:1.6-3.1); P<0.0001) increase
in admissions.
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Table 3. Increase in hospital admissions for respiratory, infectious and cardiovascular diseases as a function of changes in mean daily
temperature, by sex and age, Hong Kong Special Administrative Region, China, 1998-2009

Characteristic Respiratory diseases Infectious diseases Cardiovascular diseases
Increase? (95% Cl) P Increase? (95% (1) P Increase® (95% (I) P

Sex

Male 4.1 (3.61047) <0.0001 1.2(05102.0) 0.0021 1.7 (1.1t023) <0.0001

Female 47(411053) <0.0001 09(02t0 1.6) 0.0070 22(161027) <0.0001

Age (years)

<15 0(40t06.1) <0.0001 13(03t023) 0.015 1.1(-04102.5) 0.14

15-59 2(13t03.1) <0.0001 0.7 (0.0to 1.5) 0.055 0.2(-06t01.0) 0.60

60-74 7 (3.1t044) <0.0001 0.1(-0.7100.8) 0.84 09(03t0 1.6) 0.0048

>75 1(46105.6) 0.0001 34(241044) 0.0001 38(3.3t044) <0.0001

(l, confidence interval.

2This represents the percentage increase in hospitalizations for every drop of 1 °C in mean temperature (lag 0-21) over the cooler temperature ranges (8.2-26.9 °C).

Discussion

In this study, the high temperature
thresholds above which morbidity, as re-
flected in hospital admissions, increases
were 0.3 to 0.8 °C higher (28.5-29.0 °C)
than the threshold above which mortal-
ity was found to increase in our previous
study (28.2 °C).* Overall, hospitaliza-
tions increased by 4.5% for every 1 °C
increase in mean daily temperature
above 29.0 °C; they also rose by 1.4% for
each 1 °C decrease over the range of tem-
peratures (8.2-26.9 °C) observed in the
cold season. Thus, in Hong Kong SAR,
a subtropical city, elevated temperatures
affect morbidity to a greater degree than
colder temperatures. However, since the
effect of cold temperatures operates over
a wider temperature range than that
of hot temperatures, over the course
of a year excess morbidity during cold
temperatures exceeds excess morbidity
during hot temperatures.

In subgroup analyses, admissions
for respiratory and infectious diseases
and accidents increased during both the
hot and the cold season, but during the
cold season cardiovascular disease ad-
missions also increased. We found that
sensitivity to high temperatures varies
by age, an effect that has been seen in
other studies. For example, in London,
during hot weather the risk of having a
respiratory condition is especially high
among people who are older than 75
years, and the risk of having a respira-
tory or renal condition is also higher
among children less than 5 years old.">*
In our study, children (aged less than 15
years) were more vulnerable than adults
to being admitted to hospital for respi-
ratory conditions during high and low
temperatures, but people 75 years of age

or older showed a higher risk of being
admitted for respiratory conditions only
during lower temperatures.

MDRH was found to be strongly as-
sociated with the number of admissions
for causes other than injuries during the
hot season. This was true overall and in
most subgroups, especially when hu-
midity hovered between about 72% and
85%. In Hong Kong SAR, MDRH rarely
drops below 72% in the summer, and
values above 85% usually occur only on
cooler days, when the temperature drops
below our heat thresholds of 28.5-29 °C.
Therefore, our results suggest that higher
MDRH exacerbates the effects of high
temperatures on health. The decline in
admissions when MDRH rises above
85% suggests that high humidity may
have a beneficial effect when tempera-
tures cool. Higher MDWS was generally
accompanied by fewer admissions for
infectious diseases during the hot season
and by fewer admissions for respiratory
diseases during the cold season. This was
an unexpected finding, since high winds
can exacerbate the physiological effects
of cold temperatures. One explanation
may be that higher winds mitigate the
physiological effects of high tempera-
tures by facilitating the body’s natural
cooling processes. Another possibility is
that stronger winds help to clear pollut-
ants from high concentration areas such
as roadsides. Thus, for a given measured
pollutant level, actual exposure may be
less on days with high winds. In a recent
study, wind speeds on hot days (mean
temperature above 29 °C) were found
to have a significant positive association
with daily mortality, and the associa-
tion was stronger in areas with a high
urban heat island index.”” This merits
further study.
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This study has the limitations that
are inherent to statistical models. First,
we conducted a retrospective ecological
study and the ecologic fallacy cannot be
ruled out. In addition, we assumed that
the increase in hospital admissions re-
sulted solely from an increase in disease
occurrence and that all patients sought
care from a particular hospital system.
In reality, several system-specific fac-
tors could have biased the data in the
hospital admission records, among
them patterns of clinical diagnosis on
admission, admission policies and clin-
ical auditing and reporting practices.
Although the Hospital Authority covers
83% of all hospital services in Hong
Kong SAR and the system provides
good clinical services to all patients,
regardless of their socioeconomic
status or demographic characteristics,
a small fraction of patients in Hong
Kong SAR probably still prefer to go
to private hospitals because waiting
times are shorter and they can choose
the physician. The retrospective nature
of our data also failed to provide the
information needed to control for fac-
tors that influence the risk of falling ill
during hot weather. These include, for
example, medical conditions leading to
poor temperature regulation,’ ethnic
group,” alcoholism, living on a higher
floor’” and activities such as working
and exercising outdoors.” In addition,
there is scientific controversy sur-
rounding the accuracy of temperature
predictions, which makes it difficult
to assess the impact of temperature
on health. Our retrospective database
was quite comprehensive and spanned
more than 10 years, but because of the
way in which the data were collected
and recorded, it did not allow for fine
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geographic analyses that might have
shed more light on how urban planning
and design might affect the interplay
between outdoor temperature and
morbidity.

This study’s greatest strength lies in
the use of meteorological and pollution
data covering more than a decade to
examine hospital admissions as a func-
tion of MDT and pollution levels in a
Chinese city. Our finding that hospital
admissions are affected by temperature
corroborates findings from Taiwan,
China," and South Australia, where

ambulance transport of assault victims
has been noted to increase by 13%
during heat waves."" Our findings will
contribute to a better understanding of
how temperature can affect health in a
densely-populated Asian urban setting
and will prove useful in the planning
of clinical services and of emergency
contingency response during periods
of prolonged heat. Measures to increase
public awareness, educate the public
about self-protection and coordinate
multidisciplinary and intersectoral re-
sponses will be required.
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Résumé

Admissions a I'hdpital en fonction de la température, d’autres phénomenes météorologiques et des niveaux de pollution en

milieu urbain en Chine

Objectif Frudier la relation entre les phénomenes météorologiques,
les niveaux de pollution et les hospitalisations quotidiennes (en
guise d'approximation des schémas de morbidité) dans la région
administrative spéciale (RAS) de Hong Kong, Chine, de 1998 a 2009.
Méthodes Des modeles additifs généralisés et des modeles de latence
ont été élaborés avec des données provenant de sources officielles
relatives aux admissions hospitalieres et a la température quotidienne
moyenne, a la vitesse moyenne quotidienne du vent, a I'humidité
relative moyenne, au rayonnement solaire global total quotidien,
aux précipitations quotidiennes totales et aux niveaux de pollution
quotidiens.

Résultats Pendant la saison chaude, les admissions ont augmenté de
4,5% pour chaque augmentation de 1 °C au-dessus de 29 °C; pendant
la saison froide, les admissions ont augmenté de 1,4% pour chaque
diminution de 1°C entre 8,2 et 26,9 °C. Dans les analyses des sous-
groupes, les admissions pour des maladies respiratoires et infectieuses
ont augmenté pendant les périodes de chaleur et de froid extrémes,

mais les admissions dues aux maladies cardiovasculaires ont seulement
augmenté par temps froid. Pour chaque augmentation de 1 °Cau-dessus
de 29 °C, les admissions pour blessures involontaires ont augmenté de
1,9%. Pendant la saison froide, pour chaque baisse de 1°C entre 8,2 et
26,9°C, les admissions pour maladies cardiovasculaires et blessures
intentionnelles ont augmenté de 2,1% et 2,4%, respectivement.
Les schémas d'admission nétaient pas différents selon le sexe. Les
admissions pour maladies respiratoires des enfants ont augmenté avec
les températures chaudes et froides, mais celles des personnes agées
seulement avec les températures froides. Chez les personnes agées de
75 ansou plus, les admissions pour maladies infectieuses ont augmenté
durant les deux périodes de températures extrémes.

Conclusion A Hong Kong, les hospitalisations augmentent pendant
les périodes de températures extrémes. Des interventions de santé
publique devraient étre développées pour protéger de la chaleur et
du froid excessifs les enfants, les personnes dgées et les autres groupes
vulnérables.

Pestome

YacToTa rocnutanusauuii: BnusHue TemnepaTypbl, NOrogHbIX ABNEHUI N ypOBHEI7I 3arpA3HeHnA B ropoaCcKkunx

ycanoBuAax B Kutae

Lenb VI3yuntb B3aMMOCBA3b MeXAY MOrOAHbIMU ABNEHMAMY,
YPOBHAMY 3arpA3HeHVA 1 YNCIIOM exeHEBHbIX roCnmUTanmn3aLmmn
(Kak NpUbNMXEeHHble Moaenn cMepTHOCTM) B 1998-2009 rr. B
CneuyrianbHOM aiIMUHUCTPATNBHOM parioHe ToHKOHT (CAP ToHKOHT),
Kutam.

Metogpl bbinu nocTpoeHsl 0600LEHHbIE aAAUTUBHBIE 1 NarOBbIE
MOZIENN C UCMNONb30BaHNEM OQULIMANBHBIX AAHHbBIX O YMCe
Cnydyaes rocnuTanvaunmn v cpenHecyToOUYHOM TemnepaType,
CpefHecyTOYHOW CKOPOCTW BeTPa, CpefiHel OTHOCUTENbHOW
BNaXXHOCTW, CPEAHECYTOYHOM CYMMAPHOM CONTHEYHOM U3MyUYeHWH,
obLiemM CyTOUHOM KONMYECTBE OCAAKOB Y YPOBHAX €XeCyTOUYHOro
3arpAsHEHNA.

PesynbtaThbl B XapKui CE30H UMCNO ClyYaeB rocnmTanmn3aumnm
yBenMumMBanoch Ha 4,5% npu NoBbiLeHWN TemnepaTypbl CBbille
29°C Ha kaxabih rpagyc (°C), B XONOAHbIN CE30H YMCNO Clyyaes
rocnuTanusaymu ysennymsanocsb Ha 1,4% npu NOHWXKeHNM
TemnepaTypbl Ha Kaxabi rpagyc (°C) B AvanasoHe 8,2-26,9°C.
B noArpynnoBbix aHanm3ax 4ncno ciydaes rocnutanusaumm
no NpuYvHe PeCnUPaToPHbIX Y MHOEKLMOHHBIX 3ab0neBaHuin
YBENUUYMBANOCH NMPW YPE3BbIYAHO BbICOKUX WU HU3KUX
Temnepatypax, a Uncio Ciydyaes rocnutanmsaumm no npudnHe

CcepaeYHo-CoCyaNCTbIX 3ab0eBaHnA yBennUMBanoch Tofabko npn
HU3KMX TemnepaTypax. [1pr NoBbILWEeHNUM TemnepaTypbl CBbile 29°C
Ha Kaxabl1 rpagyc (°C) uncno cnyyaes rocnuTaniau g no npudnHe
HenpegHamMepeHHbIX TPaBM yBenMumneanoch Ha 1,9%. B xonoaHbii
CE30H MNPV MOHMXKEHUI TeMnepaTypbl Ha Kaxkabli rpagyc (°C) B
AvanasoHe 8,2-26,9°C uncno ciyyaes rocnmtanmauim no npuyrHe
CepAeYHO-COCYANCTbIX 3a00NeBaHUi U HenpeaHaMepPeHHbIX TPABM
yBenuumBeanoco Ha 2,1% un 2,4% cooTBeTCTBEHHO. B mogenax
rOCNUTANM3aLMiA YUUTBIBANIMCE AaHHbIE AS1A 060X MomoB. Yncno
CNyyYaeB rocnmTan3aumm no npuumnHe pecrnnpaTopHbIx 3aboneBaHwin
YBENYMBANOCH MPY BbICOKIX 1 HU3KIX TEMMepaTypax Cpeav AeTemn 1
TOMBbKO MPU HU3KNX TeMAepaTypax Cpean B3poC/bix. Yicno cyyaes
rocnuTanv3auUmmn nNo nNpuUnHe MHOGEKLIMOHHDBIX 3aboneBaHmin cpeam
NOXUNbIX SOAEN B BO3pacTe 75 NeT nnv CTapLue yBenmumsanocs npm
000MX IKCTPEMANBHBIX 3HAUEHMAX TeMIEePaTyp.

BbiBog B CAP[OHKOHI U1cno ciyyaeB rocnmtanis3aLmmy yBenmumnsaeTca
NpW SKCTPEMasbHbIX 3HadeHnax Temnepatyp. CneayeT pa3pabotaTb
Mepbl BMeLLaTeNbCTBa B Cdepe 0bLLECTBEHHOTO 3APaBOOXPaHeHNs
[1A 33LUMTbI 300POBbA AETEN, NMOXMIbIX SIOAEN M APYTUX FPYNM PUCKa
OT IKCTPEMASTbHBIX BbICOKMX 1 HU3KMX TemnepaTyp.

Resumen

Los ingresos hospitalarios en funcion de la temperatura, otros fendmenos meteorolégicos y los niveles de contaminacion en un

entorno urbano de China

Objetivo Explorar la relacién entre los fendmenos meteorolégicos, los
niveles de contaminacion y los ingresos hospitalarios diarios (como una
aproximacion alos patrones de morbilidad) en la Region Administrativa
Especial de Hong Kong (RAE), China, de 1998 a 2009.

Métodos Se disefiaron modelos aditivos generalizados y modelos de
retardos con datos de fuentes oficiales sobre los ingresos hospitalarios y la
temperatura diaria media, la velocidad media diaria del viento, lahumedad
relativa media, la radiacion solar global total diaria, las precipitaciones
diarias totales, asi como los niveles de contaminacion diaria.

Resultados Durante la época de calor, los ingresos se incrementaron
enun4,5 % por cada aumento de 1 °C por encima de 29 °C; durante la
época defrio, los ingresos aumentaron un 1,4 % por cada disminucion de
1°Cenelrangode8,2a26,9 °C.Enlosandlisis de subgrupos, los ingresos
por enfermedades respiratorias e infecciosas aumentaron durante las
temperaturas extremas de calor y frio; sin embargo, los ingresos debidos
aenfermedades cardiovasculares solo aumentaron con las temperaturas
frias. Por cada aumento de 1°C por encima de 29 °C, los ingresos por
lesiones involuntarias aumentaron un 1,9 %. Durante la época de frio,
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por cada disminucion de 1 °Cen el rango de 8,2 a 26,9 °C, los ingresos
por enfermedades cardiovasculares y por lesiones causadas de forma
intencionada aumentaron, respectivamente, un 2,1 % y un 2,4 %. El
sexo de los pacientes no se tuvo en cuenta en los patrones de admision.
Los ingresos por enfermedades respiratorias aumentaron durante las
temperaturas altas y bajas entre los nifos, pero solo se incrementaron
en los ancianos durante las temperaturas bajas. En las personas de 75

Emily YY Chan et al.

aflos 0 mds, los ingresos por enfermedades infecciosas aumentaron
durante ambos extremos de temperatura.

Conclusién En la Region Administrativa Especial de Hong Kong,
el ndmero de hospitalizaciones aumenta durante las temperaturas
extremas. Es necesario desarrollar intervenciones en materia de salud
publica a fin de proteger a nifios, ancianos y otros grupos vulnerables
frente a las temperaturas extremas de calor y frio.

References

1.

584

Pachauri RK, Reisinger A, editors. Climate change 2007: synthesis report.
Contribution of Working Groups |, Il and lll to the fourth assessment report of
the Intergovernmental Panel on Climate Change. Geneva: Intergovernmental
Panel on Climate Change; 2007.

Pirard P, Vandentorren S, Pascal M, Laaidi K, Le Tertre A, Cassadou S et al.
Summary of the mortality impact assessment of the 2003 heat wave in
France. Euro Surveill 2005;10:153—6. PMID:16088047

Davis RE, Knappenberger PC, Michaels PJ, Novicoff WM. Changing
heat-related mortality in the United States. Environ Health Perspect
2003;111:1712-8. doi: http://dx.doi.org/10.1289/ehp.6336 PMID:14594620
Hajat S, Kovats RS, Atkinson RW, Haines A. Impact of hot temperatures

on death in London: a time series approach. J Epidemiol Community

Health 2002;56:367-72. doi: http://dx.doi.org/10.1136/jech.56.5.367
PMID:11964434

Braga AL, Zanobetti A, Schwartz J. The time course of weather-

related deaths. Epidemiology 2001;12:662—-7. doi: http://dx.doi.
0rg/10.1097/00001648-200111000-00014 PMID:11679794

Grize L, Huss A, Thommen O, Schindler C, Braun-Fahrlander C. Heat wave
2003 and mortality in Switzerland. Swiss Med Wkly 2005;135:200-5.
PMID:15909237

Michelozzi P de D, de Donato F, Bisanti L, Russo A, Cadum E, DeMaria M

et al. The impact of the summer 2003 heat waves on mortality in four Italian
cities. Euro Surveill 2005;10:161-5. PMID:16088045

Curriero FC, Heiner KS, Samet JM, Zeger SL, Strug L, Patz JA. Temperature
and mortality in 11 cities of the eastern United States. Am J Epidemiol
2002;155:80-7. doi: http://dx.doi.org/10.1093/aje/155.1.80 PMID:11772788
McMichael AJ, Wilkinson P, Kovats RS, Pattenden S, Hajat S, Armstrong B

et al. International study of temperature, heat and urban mortality: the
'ISOTHURM' project. Int J Epidemiol 2008;37:1121-31. doi: http://dx.doi.
0rg/10.1093/ije/dyn086 PMID:18522981

Tai CC, Lee CC, Shih CL, Chen SC. Effects of ambient temperature on
volume, specialty composition and triage levels of emergency department
visits. Emerg Med J 2007;24:641—4. doi: http://dx.doi.org/10.1136/
emj.2006.045310 PMID:17711942

. Nitschke M, Tucker GR, Bi P Morbidity and mortality during heatwaves in

metropolitan Adelaide. Med J Aust 2007;187:662-5. PMID:18072911

Kovats RS, Hajat S, Wilkinson P. Contrasting patterns of mortality and
hospital admissions during hot weather and heat waves in Greater
London, UK. Occup Environ Med 2004;61:893-8.http://dx.doi.org/10.1136/
0em.2003.012047 doi: http://dx.doi.org/10.1136/0em.2003.012047
PMID:15477282

Fish PD, Bennett GCJ, Millard PH. Heatwave morbidity and mortality

in old age. Age Ageing 1985;14:243-5. doi: http://dx.doi.org/10.1093/
ageing/14.4.243 PMID:4036733

Mastrangelo G, Fedeli U, Visentin C, Milan G, Fadda E, Spolaore P. Pattern and
determinants of hospitalization during heat waves: an ecologic study. BMC
Public Health 2007;7:200. doi: http://dx.doi.org/10.1186/1471-2458-7-200
PMID:17688689

Fleury M, Charron DF, Holt JD, Allen OB, Maarouf AR. A time series analysis
of the relationship of ambient temperature and common bacterial enteric
infections in two Canadian provinces. Int J Biometeorol 2006;50:385-91. doi:
http://dx.doi.org/10.1007/500484-006-0028-9 PMID:16575582

Bangs MJ, Larasati RP, Corwin AL, Wuryadi S. Climatic factors associated
with epidemic dengue in Palembang, Indonesia: implications of short-term
meteorological events on virus transmission. Southeast Asian J Trop Med
Public Health 2006;37:1103-16. PMID:17333762

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Thammapalo S, Chongsuwiwatwong V, McNeil D, Geater A. The climatic
factors influencing the occurrence of dengue hemorrhagic fever in
Thailand. Southeast Asian J Trop Med Public Health 2005;36:191-6.
PMID:15906666

YéY, Louis VR, Simboro S, Sauerborn R. Effect of meteorological factors on
clinical malaria risk among children: an assessment using village-based
meteorological stations and community-based parasitological survey. BMC
Public Health 2007;7:101. doi: http://dx.doi.org/10.1186/1471-2458-7-101
PMID:17559638

Checkley W, Epstein LD, Gilman RH, Figueroa D, Cama R, Patz JA et al. Effect
of EI Nifio and ambient temperature on hospital admissions for diarrhoeal
diseases in Peruvian children. Lancet 2000;355:442-50. PMID:10841124

Paz S. The West Nile Virus outbreak in Israel (2000) from a new perspective:
the regional impact of climate change. Int J Environ Health Res 2006;16:1-13.
doi: http://dx.doi.org/10.1080/09603 120500392400 PMID:16507476
D'Souza RM, Becker NG, Hall G, Moodie KB. Does ambient temperature
affect foodborne disease? Epidemiology 2004;15:86-92. doi: http://dx.doi.
0rg/10.1097/01.ede.0000101021.03453.3e PMID:14712151

Hashizume M, Armstrong B, Hajat S, Wagatsuma Y, Faruque ASG, Hayashi
Tetal. Association between climate variability and hospital visits for
non-cholera diarrhoea in Bangladesh: effects and vulnerable groups. Int

J Epidemiol 2007;36:1030~7. doi: http://dx.doi.org/10.1093/ije/dym 148
PMID:17664224

Stéphan F, Ghiglione S, Decailliot F, Yakhou L, Duvaldestin P, Legrand P. Effect
of excessive environmental heat on core temperature in critically ill patients:
an observational study during the 2003 European heat wave. Br J Anaesth
2005;94:39-45. doi: http://dx.doi.org/10.1093/bja/aeh291 PMID:15486005
Jones TS, Liang AP, Kilbourne EM, Griffin MR, Patriarca PA, Wassilak SG et al.
Morbidity and mortality associated with the July 1980 heat wave in St Louis
and Kansas City. JAMA 1982;247:3327-31.

Luton D, Alran S, Fourchotte V, Sibony O, Oury J-F. Paris heat wave and
oligohydramnios. Am J Obstet Gynecol 2004;191:2103-5 . doi: http://dx.doi.
0rg/10.1016/j.2j0g.2004.05.090 PMID:15592298

Chan EY, Goggins WB, Kim JJ, Griffiths SM. A study of intracity variation

of temperature-related mortality and socioeconomic status among

the Chinese population in Hong Kong. J Epidemiol Community Health
2012,66:322-7. PMID:20974839

Chan EYY, Goggins WB, Kim JJ, Griffiths S, Ma TKW. Help-seeking behavior
during elevated temperature in Chinese population. J Urban Health
2011,88:637-50. PMID:21761264

International statistical classification of diseases and related health problems,
ninth revision. Geneva: World Health Organization; 1978.

Johnson H, Kovats RS, McGregor G, Stedman J, Gibbs M, Walton H et al.

The impact of the 2003 heat wave on mortality and hospital admissions in
England. Health Stat Q 2005;25:6-11. PMID:15804 164

Goggins WB, Chan EYY, Ng E, Ren C, Chen L. Effect modification of the
association between short-term meteorological factors and mortality by
urban heat islands in Hong Kong. PLoS One 2012;7:€38551. doi: http://
dx.doi.org/10.1371/journal.pone.0038551 PMID:22761684

Dixit SN, Bushara KO, Brooks BR. Epidemic heat stroke in a midwest
community: risk factors, neurological complications and sequelae. Wis Med
J1997,96:39-41. PMID:9167437

Kilbourne EM, Choi K, Jones TS, Thacker SB; The Field Investigation Team.
Risk factors for heatstroke: a case-control study. JAMA 1982;247:3332-6. doi:
http://dx.doi.org/10.1001/jama.1982.03320490030031 PMID:7087076

Bull World Health Organ 2013;91:576-584 | doi: http://dx.doi.org/10.2471/BLT.12.113035


http://www.ncbi.nlm.nih.gov/pubmed/16088047
http://dx.doi.org/10.1289/ehp.6336
http://www.ncbi.nlm.nih.gov/pubmed/14594620
http://dx.doi.org/10.1136/jech.56.5.367
http://www.ncbi.nlm.nih.gov/pubmed/11964434
http://dx.doi.org/10.1097/00001648-200111000-00014
http://dx.doi.org/10.1097/00001648-200111000-00014
http://www.ncbi.nlm.nih.gov/pubmed/11679794
http://www.ncbi.nlm.nih.gov/pubmed/15909237
http://www.ncbi.nlm.nih.gov/pubmed/16088045
http://dx.doi.org/10.1093/aje/155.1.80
http://www.ncbi.nlm.nih.gov/pubmed/11772788
http://dx.doi.org/10.1093/ije/dyn086
http://dx.doi.org/10.1093/ije/dyn086
http://www.ncbi.nlm.nih.gov/pubmed/18522981
http://dx.doi.org/10.1136/emj.2006.045310
http://dx.doi.org/10.1136/emj.2006.045310
http://www.ncbi.nlm.nih.gov/pubmed/17711942
http://www.ncbi.nlm.nih.gov/pubmed/18072911
http://dx.doi.org/10.1136/oem.2003.012047
http://www.ncbi.nlm.nih.gov/pubmed/15477282
http://dx.doi.org/10.1093/ageing/14.4.243
http://dx.doi.org/10.1093/ageing/14.4.243
http://www.ncbi.nlm.nih.gov/pubmed/4036733
http://dx.doi.org/10.1186/1471-2458-7-200
http://www.ncbi.nlm.nih.gov/pubmed/17688689
http://dx.doi.org/10.1007/s00484-006-0028-9
http://www.ncbi.nlm.nih.gov/pubmed/16575582
http://www.ncbi.nlm.nih.gov/pubmed/17333762
http://www.ncbi.nlm.nih.gov/pubmed/15906666
http://dx.doi.org/10.1186/1471-2458-7-101
http://www.ncbi.nlm.nih.gov/pubmed/17559638
http://www.ncbi.nlm.nih.gov/pubmed/10841124
http://dx.doi.org/10.1080/09603120500392400
http://www.ncbi.nlm.nih.gov/pubmed/16507476
http://dx.doi.org/10.1097/01.ede.0000101021.03453.3e
http://dx.doi.org/10.1097/01.ede.0000101021.03453.3e
http://www.ncbi.nlm.nih.gov/pubmed/14712151
http://dx.doi.org/10.1093/ije/dym148
http://www.ncbi.nlm.nih.gov/pubmed/17664224
http://dx.doi.org/10.1093/bja/aeh291
http://www.ncbi.nlm.nih.gov/pubmed/15486005
http://dx.doi.org/10.1016/j.ajog.2004.05.090
http://dx.doi.org/10.1016/j.ajog.2004.05.090
http://www.ncbi.nlm.nih.gov/pubmed/15592298
http://www.ncbi.nlm.nih.gov/pubmed/20974839
http://www.ncbi.nlm.nih.gov/pubmed/21761264
http://www.ncbi.nlm.nih.gov/pubmed/15804164
http://dx.doi.org/10.1371/journal.pone.0038551
http://dx.doi.org/10.1371/journal.pone.0038551
http://www.ncbi.nlm.nih.gov/pubmed/22761684
http://www.ncbi.nlm.nih.gov/pubmed/9167437
http://dx.doi.org/10.1001/jama.1982.03320490030031
http://www.ncbi.nlm.nih.gov/pubmed/7087076

	Table 1
	Figure 2
	Figure 3
	Figure 4
	Figure 1
	Figure 5
	Table 2
	Figure 6
	Figure 7
	Figure 8
	Table 3

