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ABSTRACT

Objective Unintentional injuries constitute a
significant global public health issue with significant
social and economic costs. Previous evidence
suggests ambient temperatures are associated

with unintentional injury occurrences. However, the
impacts of ambient temperature on unintentional
injury economic burden have received little research
attention. The objective of the study was to examine
the association between ambient temperature and
economic burden of unintentional injury.

Design Time-stratified case-crossover study.

Setting This study was performed at Tianjin Hospital, the
largest trauma centre in Tianjin, by applying a hospital-
based time-stratified case-crossover study.

Participants The 12 241 patients admitted with
unintentional injuries and meteorological data were
collected in Tianjin, China in 2021.

Primary and secondary outcome The association
between ambient temperature and unintentional
injury hospitalisation was evaluated with a distributed
lag non-linear model, further temperature-
attributable economic burden of unintentional injuries
was quantified, and adjusted for demographic
characteristics, injury mechanism and injury location
of injury.

Results The temperatures below 11.5°C were
significantly associated with the increased risk of
unintentional injury hospitalisation in Tianjin, in
2021. The effect was maximised on the current day.
The relatively low temperature was responsible

for 25.44% (95% Cl 13.74, 33.09) of unintentional
injury patients, and was associated with the number
of unintentional injury patients (3114, 95% Cl

1608, 4036). The relatively low temperature was
associated with the excess economic burden for
unintentional injury (¥197.52 million, 95% CI 102.00,
256.00; about 27.10 million dollars), accounting

for 26.49% of the total economic burden. The cold
temperatures generally had greater impacts on
males (¥136.46 million, 95% Cl 83.28, 172.42; about
18.67 million dollars) and the elderly (¥74.35 million,
95% Cl 14.87, 102.14; about 10.24 million dollars).
Conclusion The temperature was associated with
approximately 3000 unintentional injury patients and
¥200 million (27 million dollars), accounting for 26% of the
total economic burden in Tianjin, 2021.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A distributed lag non-linear model was used to in-
vestigate the association between temperature and
unintentional injury hospitalisation.

= The economic burden of temperature-attributable
due to unintentional injuries was quantified by cal-
culating attribute numbers.

= The modification effects of different demographic
and injury characteristics were explored using sub-
group analysis.

= Being a single-city study limited the generalisation
of the findings.

INTRODUCTION

Unintentional injuries as a major public
health issue increase disability and death,
and also represent great economic costs.' >
As defined by the WHO, unintentional inju-
ries occur in the absence of predetermined
intent. It has been estimated that more than
5million people die each year due to injuries,
and nearly 80% of injury deaths are due to
unintentional injuries.” Most unintentional
injury cost estimates have been conducted
in high-income countries. A study from the
USA estimated unintentional injuries in the
home to cost US$217billion annually.* Cost
estimates for fallrelated hospitalisations
vary across regions of the world and within
countries,* according to Sartini et al in Italy
($7945),° Roudsari e alin the USA ($17 483)°
and Stevens et alin the USA ($7355).”

It is widely recognised that increasing
episodes of extreme weather are the
phenomena associated with climate change
and are currently accelerating.® Ambient
temperature is of great interest as a major
environmental health risk factor.” '’ Previous
studies determined the association between
temperature and injuries associated with
traffic accidents,11 and the number of total
injury admissions.'* Luo et al found that hot
extremes were associated with increased unin-
tentional injury mortality risk in China."” Lee
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et al found that low temperature as well as high tempera-
ture significantly affected the risk of injury in Seoul,
Korea.” There have been separate efforts to determine the
association between ambient temperature and injury inci-
dence. Nevertheless, the relationships between ambient
temperature and the economic burden of unintentional
injury have not been comprehensively investigated.

The current study used data of patients admitted with
unintentional injury and meteorological data to evaluate
the association between ambient temperature and unin-
tentional injury hospitalisation, applying a case-crossover
design with a distributed lag non-linear model (DLNM),
and further quantify temperature-attributable economic
burden of unintentional injuries. The findings will draw a
comprehensive picture of the health impacts of tempera-
ture on unintentional injury hospitalisation in Tianjin,
China.

MATERIALS AND METHODS

Study area and data collection

Tianjin was a megacity located in northern China with
a population of approximately 13.8million inhabitants
and covered 11946.88 km?, which was administratively
equivalent to a province (online supplemental figure S1).
Tianjin (117.2°E, 39.1°N) experienced a warm temperate
monsoon continental climate with four distinct seasons,
including a hot and wet summer (due to monsoons), and
a cold and relatively dry winter (due to vast Siberian anti-
cyclones)." Given that Tianjin had a large population
and a relatively wide range of ambient temperatures, it
was an appropriate location for evaluating the association
between ambient temperature and unintentional injury
hospitalisation with adequate statistical power.

This study was performed at Tianjin Hospital, the
largest trauma centre in Tianjin. It was a level 2 trauma
centre, and its emergency department (ED) provided
124009 consultations per year. A retrospective study of
all patients admitted with unintentional injuries (Interna-
tional Classification of Diseases, 10th Revision (ICD-10)
codes: V00-X59) to Tianjin trauma centre from ED was
conducted based on the electronic medical record system
from 1 January through 31 December 2021. Information
on patients included the date of onset, age, gender, injury
mechanism, injury location, hospital length of stay and
hospitalisation cost. Furthermore, daily meteorological
data for Tianjin in 2021 were obtained from the China
Meteorological Data Sharing Service System (http://data.
cma.cn/) issued by the National Meteorological Informa-
tion Centre of the China Meteorological Administration.

Outcome of interest

In the present study, the outcome of interest was the
daily number of patients admitted with unintentional
injuries. Data were collapsed by date to create time series
of the daily number of patients admitted with uninten-
tional injuries, and were stratified by gender, age, injury
mechanism and injury location. Three age groups were

considered (ie, <18 years, 18-64 years and >65 years). The
injury mechanism and injury location were coded using
ICD-10. Unintentional injury was divided into road traffic
injury (V00-V99), falls (W00-W19), mechanical injury
from exposure to mechanical forces (W20-W64) and
other injuries (W65-W99, X00-X59). Injury locations were
divided into head and neck (S00-S19), thorax (S20-S29),
abdomen (S30-39), upper extremity (S40-S69), hip and
thigh (S70-79), lower extremity (S80-S99), multiple loca-
tions in the body (T00-T14) and unspecified (T08-T14,
T20-T35, T66-T88, T90-98). The diagnosis was verified by
the ED physician.

Exposure assessment

Daily meteorological data included daily mean tempera-
ture, max temperature, min temperature, barometric
pressure, relative humidity, precipitation, average wind
velocity, rain day and snow day at climate stations across
Tianjin in 2021. We averaged the daily available weather
conditions measurements of climate stations to represent
the exposure in the target populations in Tianjin area. To
control for the effect of potential confounding factors,
the data for other meteorological variables were also
obtained.

The holidays (except Saturday and Sunday), day of the
week, calendar time and the number of confirmed cases
of COVID-19 as the epidemic indicator were consid-
ered as short-term covariates. Weekends were defined as
Saturday and Sunday, and weekdays were from Monday
to Friday. Holidays were defined as weekends and the
Chinese statutory holidays (29 days per year), including
New Year, Spring Festival, Qing Ming Festival, Labour
Day, Dragon Boat Festival, Mid-Autumn Festival and
Chinese National Day, and non-holidays as the other
days.

Statistical analysis

Continuous variables were expressed as the mean+=SD
or the median (IQR). Categorical variables were sorted
by frequency (percentages). Spearman’s correlation
coefficients were used to summarise the similarities
in daily meteorological variables. When the correla-
tion coefficient between two variables was greater than
0.8, it indicated that there was a colinear relationship
between the two variables. There were high correla-
tions among these three temperature measurements
(Spearman 1r=0.920to 0.978). These temperature
measurements were strongly correlated with baro-
metric pressure (Spearman r=0.796to 0.850) (online
supplemental table S1). Since mean temperature was a
better predictor of population health than barometric
pressure, maximum or minimum temperatures, we
selected the daily mean temperature as the exposure
indicator of ambient temperature.'” Statistical analysis
was performed using R software (V.4.2.1). All statistical
tests were two-sided, and values of p<0.05 were consid-
ered statistically significant.
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Assessing the association between ambient temperature and
unintentional injury admission
A time-stratified, case-crossover design was applied to
investigate the association between ambient temperature
and unintentional injury. This case-crossover design is
useful for controlling for time-invariant characteristics
and for slowly varying factors, as each patient serves as
his/her own control. In the present study, each ED visit
day of patients admitted with unintentional injuries was
matched to all control days within a stratum, defined
as a three-way interaction term (yearxmonthxday of
the week). For instance, if a patient visited an ED with
unintentional injuries on Thursday, 1 July 2021, all other
Thursdays in July 2021 were selected as control days.
Daily mean temperature and the number of patients
admitted with unintentional injuries were linked by date.
A quasi-Poisson DLNM was employed to investigate their
associations. DLNM is a modelling framework that simul-
taneously describes the non-linear expose-response rela-
tionship and delay effect. DLNM usually quantified the
lag effect and non-linear effect of ambient temperature
on injury risk.?"® Because the daily number of patients
admitted with unintentional injuries typically followed
an over-dispersed Poisson distribution, a model of quasi-
Poisson was applied. In order to flexibly account for the
potential lagged and non-linear effect of mean tempera-
ture on the number of patients admitted with uninten-
tional injuries, mean temperature was incorporated as
a ‘cross-basis’ function using DLNM. We empirically
decided on a maximum lag of up to 21 days according to
previous large studies.'® ' A number of covariates were
also incorporated as follows:

a+ch(T) + B CW;+~ DOW,

log [E (V)] = :
og [E (V)] +s (DOY,, 7/year) + Y ns (W;,, df=3)
=1

where {was the day of the observation; Y, was the count
of patients admitted with unintentional injuries on day ¢
a represents the intercept of the model; ¢b(T)) was a cross-
basis of mean temperature; CW was a binary variable for
holidays (1 if day ¢was classified as part of a holiday, 0 other-
wise); DOW, represented the day of the week which was
modelled with six indicator variables through a dummy
parameterisation; f and y were the vectors of regression
coefficients; s() was a smooth function; DOY, represented
the day of the year specified through a natural cubic spline
with 7 df per year to account for seasonality and long-term
trends. W, meant covariates in meteorological variables
without co-linear relationship on day ¢ including rela-
tive humidity, precipitation, average wind velocity, the
number of COVID-19 confirmed cases, rain day and snow
day, which was controlled by using natural cubic spline
(ns) with 3 degrees of freedom (df) determined by the
Akaike Information Criterion (quasi-likelihood for Akai-
ke’s Information Criterion).

The relative risks (RRs) of extreme temperature (eg,
10th temperature percentile and 25th temperature
percentile) were calculated compared with the referent

temperature, that is, the temperature with the minimum
counts of patients admitted with unintentional injuries.
The lag effect refers to the fact that changes in uninten-
tional injury hospitalisation are influenced not only by
the current value of the ambient temperature, but also by
its past values. Therefore, the lag structures in the effects
of extreme temperature over lags of 0-21 days were also
explored.” " ' Subgroup analyses were conducted to
assess whether the associations between temperature and
unintentional injuries differed by demographic charac-
teristics (age and gender), mechanism of injury and loca-
tion of injury.

R packages of ‘dlnm’ were used for the DLNM to
explore the relationship between ambient temperature
and unintentional injury hospitalisation, and ‘spline’ was
used for the natural spline function to investigate the
non-linear relationship between them.

Calculating economic burden of unintentional injuries due to
ambient temperature

The attributable fraction (AF) and attribute numbers
(AN), and their 95% CIs were calculated using the
following formulas® *':

L
Al =1 — exp —Z(St_l,l
Eb

AN; = ny X Al

where AF, referred to the attributable fraction of unin-
tentional injury hospitalisation due to ambient tempera-
ture on ¢ day; we considered that the risk at day ¢ was the
cumulative effect of the previous period (-1, ..., i-L) of
exposure; L was the maximum lag time for the exposure
factor; d,, referred to the effect parameters of Beta at day
i~l; AN, referred to the count of patients admitted with
unintentional injuries attributable to ambient tempera-
ture on ¢ day; n, was the total number of patients with
unintentional injuries in the population at day ¢

The economic burden of the unintentional injury
admissions associated with ambient temperature was
further assessed by the Cost of Illness method. Economic
burden was defined by the direct cost and indirect cost
due to unintentional injury during hospital length of
stay.”* The direct cost relates to hospitalisation costs, and
indirect cost was estimated by lost productivity during
hospital length of stay in this study.” Economic burden

94
was shown as?*;

Ci= H; x AN; + (GDP x T;) x AN;

where C, denoted the economic burden of subgroup
i; H was the average hospital cost of subgroup # AN,
referred to the count of patients admitted with uninten-
tional injuries attributable to the ambient temperature of
subgroup i H, referred to the hospitalisation cost; HxAN,
referred to the direct cost; GDP' referred to the daily GDP
per capita per day; 7, was the average length of stay in
hospital (days) of subgroup i (GDP'xT)xAN, referred to
the indirect cost. According to the Tianjin Statistical Year-
book, the GDP per capita per day was ¥101 614 in 2020.%
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Sensitivity analysis

In addition, we conducted sensitivity analyses to confirm
whether the main findings were robust to different model
specifications by changing the lag period of 21 days for
the lag-response association to 14 or 28 days.” In addition,

we conducted a sensitivity analysis excluding snow from
the DLNM.

Patient and public involvement

Patients and the public were not involved in the design or
conduct of the study, formulation of research questions
and outcome measures, or the recruitment process.

RESULTS

Descriptive analysis for meteorological variables and
unintentional injury admission

Descriptive statistics for daily meteorological variables in
Tianjin (2021) were summarised in online supplemental
table S2. The median daily mean temperature was 14.2°C,
with temperatures ranging from -14.2°C to 30.3°C. The
median daily maximum and minimum temperatures were
20.5°C and 9.2°C, respectively. There were 114 (31.2%)
rainy days and 8 (2.2%) snowy days.

The epidemiology of patients admitted with uninten-
tional injuries by gender, age, injury mechanism and
injury location was summarised in online supplemental
table S3. A total of 12 241 patients with unintentional
injuries were admitted to Tianjin Hospital in ED in
2021. Among these, 7360 (60.1%) were males, and 4881
(39.9%) were females. For each age group (<18, 18-64

B Gender
3.0,

A Total
3.0

Total

Male

and 265 years old), the numbers of patients with unin-
tentional injuries by age were 1118 (9.1%), 7827 (63.9%)
and 3296 (26.9%), respectively. Injury mechanisms were
road traffic injury (1571, 12.8%), falls (7521, 61.4%),
mechanical injury (2830, 23.1%) and others (319, 2.6%).
The most common injury locations were upper extremity
(4375, 35.7%) lower extremity (3373, 27.6%), and hip
and thigh (2828, 23.1%). The leading diagnosis was
fracture (9969, 81.4%). The hospitalisation costs were
¥60 907.12 per capita for unintentional injury patients.
Online supplemental figure S2 showed daily counts of
patients admitted with unintentional injuries during the
study period.

Association between ambient temperature and unintentional
injury admission on the current day

The impact of ambient temperature on the risk of hospital
admission for unintentional injury was maximised on the
current day (lag 0). The relationship between ambient
temperature and hospitalisation for all unintentional
injuries followed an L-shaped curve on the current day
(figure 1A). Increased risks were found during cold days,
with higher risks during more cold extreme tempera-
tures. Significant effects of cold were observed among
all unintentional injury patients, with an estimated RR at
the 25th percentile (5°C) of 1.18 (95% CI 1.08, 1.28) and
the 10th percentile (-1°C) of 1.34 (95% CI 1.18, 1.52)
(online supplemental figure S3A and figure 2A). The risk
of hospital admission for all unintentional injuries was
statistically significant when the temperature was below

. Female

40 0 10 20
Temperature (°C)
C Age

3.0- \<18 years

10

Temperature (°C)

40 0

18-64 years

40 0 10 20

Temperature (°C)

20

265 years

-0 0
Temperature (°C)

10
Temperature (°C)

40 0

10 0 10 20
Temperature (°C)

20

Figure 1 Association between daily mean temperature and admission for unintentional injury according to age or gender on
the current day. Dotted vertical lines represent the 10th temperature and 25th temperature. RR, relative risk.
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Lag days Lag days Lag days
C Age
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© 2.0 @ 2.0 x 2.0
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15{ | 1.5 1.5
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Figure 2 Associations between 10th temperature and unintentional injury over 0-21 lag days according to age or gender. RR,

relative risk.

11.5°C. The results from this sensitivity analysis excluding
snow from the DLNM were consistent with the main
analysis.

Results revealed that the risk was present for both males
and females, with similar temperature-admission curves
(figure 1B). Females tend to be more sensitive to cold
weather than males. The RR at the 25th percentile on the
current day (lag 0) was 1.17 (95% CI 1.04, 1.31) for males
and 1.18 (95% CI 1.06, 1.31) for females (online supple-
mental figure S3B), and the RR at the 10th percentile was
1.31 (95% CI 1.12, 1.53) for males, compared with 1.38
(95% CI 1.16, 1.64) for females (figure 2B).

For age groups, the highest risks were found among
people aged 265 years old at 1.92 (95% CI 1.22, 3.01),
followed by people aged 18-64 years old at 1.87 (95% CI
1.41,2.47) on the currentday (lag 0) at the lowest tempera-
ture (figure 1C). RRs for the <18 years old group were
not statistically significant. The RR at the 25th percentile
on the current day (lag 0) was 1.15 (95% CI 1.06, 1.26)
for people aged 18-64 years old and 1.21 (95% CI 0.99,
1.47) for people aged 265 years old (online supplemental
figure S3C). The RR at the 10th percentile was 1.31 (95%
CI 1.15, 1.50) for people aged 18-64 years old, compared
with 1.37 (95% CI 1.06, 1.77) for people aged =65 years
old (figure 2C). The risk of hospital admission for unin-
tentional injury for people aged >65and 18-64 years old
was statistically significant when the temperature was
below 3.5°C and 11°C, respectively.

For injury mechanisms, only the risk of falls increased
at relatively low temperatures (figure 3A). RR at the 25th
percentile (5°C) was 1.28 (95% CI 1.14, 1.44) and the
10th percentile (-1°C) was 1.55 (95% CI 1.31, 1.83). For

injury locations, the risks of thorax, upper extremity, hip
and thigh, and lower extremity injuries increased at rela-
tive low temperatures (figure 3B). Significant effects of
cold were observed in fracture patients, with an estimated
RR at the 25th percentile (5°C) of 1.23 (95% CI 1.11,
1.36) and in the 10th percentile (-1°C) of 1.44 (95% CI
1.25, 1.66). When the temperature was below 12°C, the
risk of fracture hospitalisation was statistically significant.

Associations between ambient temperature and unintentional

injury admission over lag days

Figure 2 depicted the associations between 10th tempera-
ture and unintentional injury over 0-21 lag days. The
effects of relative low temperatures on the risk of hospital
admission for unintentional injury were presented to be
acute (lasting for approximately 5days), and maximised
on the lag Odays (figure 2A). As the lag increased, the
RR of unintentional injury moved close to 1. When strat-
ified by gender and age, the results revealed significant
risks lasting for less than 9 days in males, 3 days in females,
4 days in people aged 18-64 years old and 6 days in people
aged 265 years old (figure 3B,C). For injury mechanisms,
significant risks lasted for 7days for falls (figure 4A).
For injury locations, significant risks of thorax, upper
extremity, hip and thigh, and lower extremity injury lasted
for less than 4, 0, 7 and 3 days. The risk of fracture lasted
for less than 6days. Online supplemental figures S3 and
S4 showed the overall cuamulative 25th temperature-injury
associations over 0-21 lag days. The sensitivity analysis was
conducted by changing the lag period of 21 days for lag-
response association to 14 or 28 days. It did not alter the
main results (online supplemental tables S4-S7).
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A Mechanism
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Figure 3 Association between daily mean temperature and unintentional injury among subgroups according to injury
mechanism and injury location on the current day. Dotted vertical lines represent the 10th temperature and 25th temperature.

RR, relative risk.

Economic burden of unintentional injuries attributed to
relative low temperature

Relatively low temperature was responsible for 25.44%
(95% CI 13.74, 33.09) of all unintentional injury patients
during the study period, with higher AF for males
(30.37%, 95% CI 18.27, 387.77) than that for females
(15.54%, 95% CI -13.69, 29.41) (table 1). For age groups,
the highest AF was found among people aged >65 years
old (31.26%, 95% CI 6.78, 42.48), followed by people
aged 18-64 years old (21.18%, 95% CI 4.15, 30.87). For
injury mechanisms, the highest AF was observed in falls
(31.65%, 95% CI 14.77, 40.62). For injury locations, the
AF of the hip and thigh (39.92%, 95% CI 19.79, 49.70)
was higher than the others. The AF of the fracture was
27.61% (95% CI 15.84, 35.63).

Short-term cold exposures were associated with the
number of unintentional injury patients (3114, 95% CI
1608, 4036) for several specific subgroups, accounting for
2235 (95% CI 1364, 2824) for males, 1658 (95% CI 443,
2445) for people aged 18-64 years old, 1030 (95% CI 206,
1415) for people aged 265 years old, 2381 (95% CI 1143,

3135) for falls, 1129 (95% CI 527, 1411) for hip and thigh
injuries, 2753 (95%CI 1449, 3626) for fractures attribut-
able to cold (table 1).

Short-term cold exposures were responsible for
¥197.52million (95% CI 102.00, 256.00; about
27.10million dollars) of all unintentional injury patients
during the study period, accounting for 26.50% total
economic burden, and were associated with the excess
economic burden of unintentional injury for several
specific subgroups, accounting for 136.46 (95% CI 83.28,
172.42; about ¥18.67 million dollars) million for males,
¥104.62 (95% CI 27.95, 154.27; about 14.34million
dollars) million for people aged 18-64 years old, 74.35
(95% CI 14.87, 102.14; about ¥10.24million dollars)
million for people aged 265 years old, ¥155.00 (95% CI
74.41, 204.09; about 21.37 million dollars) million for the
falls, ¥93.24 (95% CI 43.52, 116.53; about 12.88 million
dollars) million for hip and thigh injury, ¥185.39 (95%
CI 97.58, 244.17; about 25.50 million dollars) million for
fracture attributable to cold (table 1 and online supple-
mental table S7).
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Figure 4 Associations between 10th temperature and unintentional injury over 0-21 lag days according to injury mechanism or

injury location. RR, relative risk.

DISCUSSION

In the current study, 12 241 patients admitted with unin-
tentional injuries were analysed using a time-stratified
case-crossover design with a DLNM. One interesting
finding is that the risk of unintentional injury signifi-
cantly increased at relatively low temperatures. Females
were more vulnerable to cold weather than males, but
the effect on males persisted longer. Relatively low
temperatures were linked to an increased risk of unin-
tentional injury in adults, more sensitive in the elderly.
The mechanism-specific analyses showed that the risk
of falls was significantly associated with relative low
temperatures. The location-specific analyses showed that
the risks of thorax, upper extremity, hip and thigh, and
lower extremity injuries were significantly associated
with relative low temperatures. The excess economic
burden of unintentional injury associated with relative
low temperatures was approximately ¥200million, and
fracture accounted for ¥185million. The findings have
provided a deeper insight into evidence that ambient
temperature was associated with risks of unintentional
injury admission. The findings have important implica-
tions for unintentional injury prevention and control in
northern China.

Unintentional injuries increased at relative low
temperatures

According to this research, unintentional injury risk was
significantly associated with relative low temperatures,
which was consistent with several studies. For example,
a study conducted in Seoul, South Korea from 2008 to
2016 reported that patients with unintentional injuries
who had visited EDs increased significantly at relative low
temperatures.” Another study conducted between 2015
and 2016 in Shenzhen China found that high RR was for
traffic accident injuries during cold exposure. However,
other studies found that an increase in temperature
was only associated with a relatively high risk of injury.'
Therefore, the effect of relative low temperatures has
been inconsistent and has not been observed as exten-
sively. This discrepancy could be attributed to differences
according to various geographical locations, temperature
distribution, social factors and patients’ characteristics.”
For example, Tianjin has four distinct seasons with a
freezing winter, and the minimum temperature during
winter is below 0°C, which increases the risk of uninten-
tional injury. Besides, the effect of high temperatures on
unintentional injuries was not significant, likely owing to
the small sample size.
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Differences in relationship between unintentional injury risk
and relative low temperatures in subgroups

The findings showed that cold temperatures generally
had greater impacts on the elderly, which is in line with
previous studies."” #0628 The reason for the results may be
that the elderly are more susceptible to injury, associated
with their osteoporosis due to calcium loss, and their grad-
ually weakening ability of balance,”* * although older
groups were positively associated factors of personal cold
protection behaviours.” The study also observed that
people aged 18-64 years old were also more likely to suffer
from unintentional injury. In addition, the increased
risk of hospital admission for unintentional injury for
people aged >65and 18-64 years old is statistically signif-
icant when the temperature is below 3.5°C and 11°C,
respectively. Young and middle-aged people are more
likely and more frequently exposed to outdoor working
conditions around 10°C in spring and autumn.”*® While
older people are more likely to fall in winter when the
temperature is below 0°C. Therefore, in order to alleviate
the injury burden of relatively low temperatures, policy-
makers need to account for the specific susceptible popu-
lations to unintentional injury when formulating targeted
adaptation plans and priority protection.

As determined in this study, the increased risk of unin-
tentional injury at relative low temperatures seems related
to fall injuries. This finding supports evidence from
previous observations.”* Hassi et al found an increase in
slipping and falling injuries at low-temperature condi-
tions.”™ Therefore, it is likely that the increase in injuries
observed, which are associated with relative low tempera-
tures, is caused by one’s physical environment, such as
snow or ice on the ground, freezing rain and freezing
temperatures, during winter.”® The results from this
sensitivity analysis were almost consistent with the main
analysis. The reason could be that there were 8 (2.192%)
snowy days in Tianjin (2021). As it is conceivable, consid-
ering the extremely small sample size, the study lacks
statistical power and requires validation in larger sample.

Moreover, in the present study, the risk of fracture
increased atrelativelylow temperatures. Astudy conducted
in Tokyo, Japan over a 3-year period also found that frac-
ture risk was the highest in the winter for some individ-
uals.” Tenias et al found that the weather series showed
a positive tendency, with a greater occurrence of fracture
cases in the autumn and winter months.*® Giladi et al, in
their study of the population of the USA, observed that
the risk of distal radius fractures was higher in the winter
months.” In particular, the risks of thorax, extremity, hip
and thigh injury increase at relatively low temperatures in
this study. Hip fractures among the elderly represent an
important public health problem,"’ both because of their
high incidence and the serious consequences that derive
from them: increased mortality, morbidity and high
consumption of medical resources, especially considering
the ageing trend of the population in China.

As determined in the study, the effects of relative
low temperatures on the risk of hospital admission for

unintentional injury present lasted for approximately
5days, and the risk decreased as the lag days decreased,
which is consistent with other evidence that has consis-
tently noted that the effects of relative low temperatures
on the injury risk present are acute.*’ The lag days could
be attributed to the following: (i) patient factors (eg,
the time from onset to diagnosis); (ii) meteorological
factors (eg, icy ground). These findings suggest that low-
temperature warnings for trauma centres may need to
last approximately 5 days to prepare for additional service
demand pressures.

Economic burden of unintentional injuries increased at
relative low temperatures

Previous studies have mainly focused on the economic
burden of air pollution.* To the best of our knowledge,
little is known about the economic burden of relative low
temperatures on intentional injury. The findings high-
light that short-term cold exposures were associated with
hospital admission (more than 3000 patients admitted with
unintentional injuries) and economic burden (approxi-
mately ¥200 million; 27 million dollars) for unintentional
injury, especially susceptible groups in males, aged >18
years old, the falls, the hip and thigh injury and fractures.
The economic impacts of cold weather on males tend to
be greater than on females. The reason for the results is
the influence of cold weather on males for a longer period
than on females, because they are more likely and more
frequently exposed to outdoor working conditions.™
Though 83% of houses had central heating in winter in
Tianjin, the majority of the population was potentially
protected from the outdoor weather. Extremely cold days
still posed some increased risks."” The following preven-
tion measures may be necessary to decrease substantial
economic burden: (i) Stratified analyses by gender and
age identify vulnerable subgroups and provide warning
signals. Public health agencies should consider using
these warnings to trigger initiation of injury prevention
strategies. (ii) Public health initiatives focused on injury
prevention through fall prevention, bike helmets, sport
impact policy changes, and other public safety measures.
(iii) In addition to standard calendar-related factors
(holidays, day of the week, calendar time), incorporating
weather into resource planning models can improve the
daily allocation of resources and staff of hospital. (iv)
Personalised health education is critical for improving
prevention practices among vulnerable groups and sensi-
tive disease groups.

Limitations

The major limitations of this study need to be acknowl-
edged. First, temperature effects could be modified by
many factors, and this is a single-city study for 1 year, which
limits the generalisability of the findings to other regions
and times. Second, temperature data from fixed sites
were used rather than individual exposures. In contrast,
data from fixed monitoring stations can only reflect
meteorological conditions at a particular location and
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cannot accurately reflect the actual exposure of an indi-
vidual. The temperature data from fixed sites may cause
some inevitable measurement errors. Third, the effects
of immediate cold waves and possible interventions by a
cold warning system were not considered in this study.
Fourth, some factors, such as injury severity, occupation
status and public accident, etc, that might confound the
associations between ambient temperature and unin-
tentional injury were not controlled. Fifth, COVID-19
pandemic may have had some impact on the results in
2021. Finally, considering the loss of productivity after
discharge and intangible costs, the costs of unintentional
injury admission attributed to relative low temperatures
were underestimated in this research.

CONCLUSIONS

This study assessed the association between ambient
temperature and economic burden of unintentional
injury, and identified characteristics of the population and
diseases with high risks. Research results suggest that the
risk of hospitalisation for unintentional injury increased
when it was below 11.5°C in Tianjin, China. The tempera-
ture risk of unintentional injury was presented to be acute
and the highest in the absence of the delay effect. Relative
low temperature was responsible for approximately 3000
unintentional injury patients, and the economic burden
attributable to cold exposures was up to approximately
¥200 million (about 27million dollars), approximately
accounting for 26% of the total economic burden in
Tianjin, 2021. People with male, aged above 18 years old,
falls, hip and thigh injuries, and fractures were identified
as particularly susceptible groups and sensitive diseases
to relative low temperature. The findings may clarify the
health impacts of temperature on unintentional injury
economic burden. It is helpful for informing effective
targeted public health interventions to prevent and
control unintentional injury, and to increase resilience in
response to climate change.

Contributors YL: conceptualisation, methodology, writing-original draft
preparation. CY: resources, data curation, writing-original draft preparation. TL:
methodology, software. ZY: resources, data curation. FL: resources, data curation.
JL: software, validation. HF: funding acquisition, supervision, writing-original draft
preparation. CC: funding acquisition, writing-reviewing and editing. HF and CC are
the guarantors.

Funding This work was supported by the National Key R&D Programme of China
(grant number No. 2023YFF1204104).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
the ethics committee of Tianjin Hospital (2021-175). Data were analysed at the

aggregate level, as agreed by the Ethical Committee, and no participants were
contacted.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. The datasets generated during and analysed in the current study
are available from the corresponding author upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Chunxia Cao http://orcid.org/0000-0003-4857-425X

REFERENCES

1 Chokotho L, Croke K, Mohammed M, et al. Epidemiology of adult
trauma injuries in Malawi: results from a multisite trauma registry. Inj
Epidemiol 2022;9:14.

2 Lee H, Myung W, Kim H, et al. Association between ambient
temperature and injury by intentions and mechanisms: A case-
crossover design with a distributed lag nonlinear model. Sci Total
Environ 2020;746:141261.

3 de Ramirez SS, Hyder AA, Herbert HK, et al. Unintentional injuries:
magnitude, prevention, and control. Annu Rev Public Health
2012;33:175-91.

4 Zaloshnja E, Miller TR, Lawrence BA, et al. The costs of unintentional
home injuries. Am J Prev Med 2005;28:88-94.

5 Sartini M, Cristina ML, Spagnolo AM, et al. The epidemiology of
domestic injurious falls in a community dwelling elderly population:
an outgrowing economic burden. Eur J Public Health 2010;20:604-6.

6 Roudsari BS, Ebel BE, Corso PS, et al. The acute medical care
costs of fall-related injuries among the U.S. older adults. Injury
2005;36:1316-22.

7 Stevens JA, Corso PS, Finkelstein EA, et al. The costs of fatal and
non-fatal falls among older adults. Inj Prev 2006;12:290-5.

8 Sokhi RS, Singh V, Querol X, et al. A global observational analysis
to understand changes in air quality during exceptionally low
anthropogenic emission conditions. Environ Int 2021;157:106818.

9 Zare Sakhvidi MJ, Yang J, Mohammadi D, et al. Extreme
environmental temperatures and motorcycle crashes: a time-series
analysis. Environ Sci Pollut Res 2022;29:76251-62.

Chau PH, Lau KK-L, Qian XX, et al. Visits to the accident and
emergency department in hot season of a city with subtropical
climate: association with heat stress and related meteorological
variables. Int J Biometeorol 2022;66:1955-71.
11 Basagafa X, Escalera-Antezana JP, Dadvand P, et al. High Ambient
Temperatures and Risk of Motor Vehicle Crashes in Catalonia,
Spain (2000-2011): A Time-Series Analysis. Environ Health Perspect
2015;123:1309-16.
12 Rising WR, O’Daniel JA, Roberts CS. Correlating weather and trauma
admissions at a level | trauma center. J Trauma 2006;60:1096-100.
13 Luo L, Zeng F, Bai G, et al. Future injury mortality burden attributable
to compound hot extremes will significantly increase in China. Sci
Total Environ 2022;845:157019.
Liu F, Zheng B, Zheng Y, et al. Accumulation risk and sources of
heavy metals in supratidal wetlands along the west coast of the
Bohai Sea. RSC Adv 2019;9:30615-27.
15 Guo Y, Barnett AG, Pan X, et al. The impact of temperature on
mortality in Tianjin, China: a case-crossover design with a distributed
lag nonlinear model. Environ Health Perspect 2011;119:1719-25.
Guo Y, Gasparrini A, Armstrong B, et al. Global variation in the
effects of ambient temperature on mortality: a systematic evaluation.
Epidemiology 2014;25:781-9.

10

Li'Y, et al. BMJ Open 2024;14:6083891. doi:10.1136/bmjopen-2024-083891

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* Jooydsaboysnwselq
V11-Z39 uswiiedaq e G20z ‘9 aunr uo /wod fwg-uadolwg//:dny woly papeojumod #Z0z 18quwieldas €T U0 T68E£80-720z-uadolwag/9eTT 0T Se paystignd isiiy :usdo (NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4857-425X
http://dx.doi.org/10.1186/s40621-022-00379-5
http://dx.doi.org/10.1186/s40621-022-00379-5
http://dx.doi.org/10.1016/j.scitotenv.2020.141261
http://dx.doi.org/10.1016/j.scitotenv.2020.141261
http://dx.doi.org/10.1146/annurev-publhealth-031811-124558
http://dx.doi.org/10.1016/j.amepre.2004.09.016
http://dx.doi.org/10.1093/eurpub/ckp165
http://dx.doi.org/10.1016/j.injury.2005.05.024
http://dx.doi.org/10.1136/ip.2005.011015
http://dx.doi.org/10.1016/j.envint.2021.106818
http://dx.doi.org/10.1007/s11356-022-21151-8
http://dx.doi.org/10.1007/s00484-022-02332-z
http://dx.doi.org/10.1289/ehp.1409223
http://dx.doi.org/10.1097/01.ta.0000197435.82141.27
http://dx.doi.org/10.1016/j.scitotenv.2022.157019
http://dx.doi.org/10.1016/j.scitotenv.2022.157019
http://dx.doi.org/10.1039/C9RA05332H
http://dx.doi.org/10.1289/ehp.1103598
http://dx.doi.org/10.1097/EDE.0000000000000165
http://bmjopen.bmj.com/

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Guo Y, Gasparrini A, Armstrong BG, et al. Temperature Variability
and Mortality: A Multi-Country Study. Environ Health Perspect
2016;124:1554-9.

Zhang W, Du G, Xiong L, et al. Extreme temperatures and
cardiovascular mortality: assessing effect modification by subgroups
in Ganzhou, China. Glob Health Action 2021;14:1965305.

Guo Y, Punnasiri K, Tong S. Effects of temperature on mortality

in Chiang Mai city, Thailand: a time series study. Environ Health
2012;11:36.

Steenland K, Armstrong B. An Overview of Methods for Calculating
the Burden of Disease Due to Specific Risk Factors. Epidemiology
(Sunnyvale) 2006;17:512-9.

Gasparrini A, Leone M. Attributable risk from distributed lag models.
BMC Med Res Methodol 2014;14.

Wiertsema SH, van Dongen JM, Geleijn E, et al. Evaluation of a
new Transmural Trauma Care Model (TTCM) for the rehabilitation of
trauma patients: a study protocol. BMC Health Serv Res 2017;17:99.
Dee A, Kearns K, O’Neill C, et al. The direct and indirect costs of
both overweight and obesity: a systematic review. BMC Res Notes
2014;7:242:1756-0500:.

Wu W-L, Xue W-B, Wang Y-L, et al. Health Benefit Evaluation for Air
Pollution Prevention and Control Action Plan in China. Huan Jing Ke
Xue 2019;40:2961-6.

Dutta M, Mohapatra D, Mohapatra AP, et al. ATAD2 suppression
enhances the combinatorial effect of gemcitabine and radiation

in pancreatic cancer cells. Biochem Biophys Res Commun
2022;635:179-86.

Li G, Huang J, Xu G, et al. Temporal variation in associations
between temperature and years of life lost in a southern China city
with typical subtropical climate. Sci Rep 2017;7:4650.

Bouzigon R, Ravier G, Dugue B, et al. Thermal Sensations during a
Partial-Body Cryostimulation Exposure in Elite Basketball Players.
J Hum Kinet 2018;62:55-63.

Huang J, Wang J, Yu W. The lag effects and vulnerabilities of
temperature effects on cardiovascular disease mortality in a
subtropical climate zone in China. Int J Environ Res Public Health
2014;11:3982-94.

Szul M. Preventing falls in elderly persons. N Engl J Med
2003;348:1816-8.

Lin W-Q, Lin L, Yuan L-X, et al. Association between meteorological
factors and elderly falls in injury surveillance from 2014 to 2018 in
Guangzhou, China. Heliyon 2022;8:e10863.

31

32

33

34

35

36

37

38

39

40

41

42

Lam HCY, Huang Z, Liu S, et al. Personal Cold Protection Behaviour
and lts Associated Factors in 2016/17 Cold Days in Hong Kong: A
Two-Year Cohort Telephone Survey Study. Int J Environ Res Public
Health 2020;17:1672.

Zhan Z-Y, Yu Y-M, Chen T-T, et al. Effects of hourly precipitation and
temperature on road traffic casualties in Shenzhen, China (2010-
2016): A time-stratified case-crossover study. Sci Total Environ
2020;720:137482.

Liang M, Zhao D, Wu Y, et al. Short-term effects of ambient
temperature and road traffic accident injuries in Dalian, Northern
China: A distributed lag non-linear analysis. Accid Anal Prev
2021;153:106057.

Turner RM, Hayen A, Dunsmuir WTM, et al. Air temperature and the
incidence of fall-related hip fracture hospitalisations in older people.
Osteoporos Int 2011;22:1183-9.

Hassi J, Gardner L, Hendricks S, et al. Occupational injuries in the
mining industry and their association with statewide cold ambient
temperatures in the USA. Am J Ind Med 2000;38:49-58.

Liang M, Ding X, Yao Z, et al. Effects of ambient temperature

and fall-related injuries in Ma’anshan, Anhui Province, China:

a distributed lag nonlinear analysis. Environ Sci Pollut Res Int
2021;28:58092-103.

Hayashi S, Noda T, Kubo S, et al. Variation in fracture risk by season
and weather: A comprehensive analysis across age and fracture
site using a National Database of Health Insurance Claims in Japan.
Bone 2019;120:512-8.

Tenias JM, Estarlich M, Fuentes-Leonarte V, et al. Short-term
relationship between meteorological variables and hip fractures: an
analysis carried out in a health area of the Autonomous Region of
Valencia, Spain (1996-2005). Bone 2009;45:794-8.

Giladi AM, Shauver MJ, Ho A, et al. Variation in the Incidence of
Distal Radius Fractures in the U.S. Elderly as Related to Slippery
Weather Conditions. Plast Reconstr Surg (1946) 2014;133:321-32.
Alvarez-Nebreda ML, Jiménez AB, Rodriguez P, et al. Epidemiology
of hip fracture in the elderly in Spain. Bone 2008;42:278-85.

Ma P, Wang S, Fan X, et al. The Impacts of Air Temperature on
Accidental Casualties in Beijing, China. Int J Environ Res Public
Health 2016;13:1073.

Zhang Y, Yang P, Gao Y, et al. Health and economic impacts of air
pollution induced by weather extremes over the continental U.S.
Environ Int 2020;143:105921.

Li'Y, et al. BMJ Open 2024;14:e083891. doi:10.1136/bmjopen-2024-083891

11

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

jooyoasaboysnwseig
V11-Z39 uswiiedaq e G20z ‘9 aunr uo /wod fwg-uadolwg//:dny woly papeojumod #Z0z 18quwieldas €T U0 T68E£80-720z-uadolwag/9eTT 0T Se paystignd isiiy :usdo (NG


http://dx.doi.org/10.1289/EHP149
http://dx.doi.org/10.1080/16549716.2021.1965305
http://dx.doi.org/10.1186/1476-069X-11-36
http://dx.doi.org/10.1097/01.ede.0000229155.05644.43
http://dx.doi.org/10.1097/01.ede.0000229155.05644.43
http://dx.doi.org/10.1186/1471-2288-14-55
http://dx.doi.org/10.1186/s12913-017-2037-2
http://dx.doi.org/10.1186/1756-0500-7-242
http://dx.doi.org/10.13227/j.hjkx.201811110
http://dx.doi.org/10.13227/j.hjkx.201811110
http://dx.doi.org/10.1016/j.bbrc.2022.10.021
http://dx.doi.org/10.1038/s41598-017-04945-6
http://dx.doi.org/10.1515/hukin-2017-0158
http://dx.doi.org/10.1515/hukin-2017-0158
http://dx.doi.org/10.3390/ijerph110403982
https://pubmed.ncbi.nlm.nih.gov/12728917
http://dx.doi.org/10.1016/j.heliyon.2022.e10863
http://dx.doi.org/10.3390/ijerph17051672
http://dx.doi.org/10.3390/ijerph17051672
http://dx.doi.org/10.1016/j.scitotenv.2020.137482
http://dx.doi.org/10.1016/j.aap.2021.106057
http://dx.doi.org/10.1007/s00198-010-1306-2
http://dx.doi.org/10.1002/1097-0274(200007)38:1<49::aid-ajim6>3.0.co;2-3
http://dx.doi.org/10.1007/s11356-021-14663-2
http://dx.doi.org/10.1016/j.bone.2018.12.014
http://dx.doi.org/10.1016/j.bone.2009.06.022
http://dx.doi.org/10.1097/01.prs.0000436796.74305.38
http://dx.doi.org/10.1016/j.bone.2007.10.001
http://dx.doi.org/10.3390/ijerph13111073
http://dx.doi.org/10.3390/ijerph13111073
http://dx.doi.org/10.1016/j.envint.2020.105921
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Supplemental Figure Legends

Supplemental figure 1 The location of Tianjin

Supplemental figure 2 Time series of daily counts of patients admitted with unintentional injuries

Supplemental figure 3 Cumulative associations between 25th temperature and unintentional injury over

0-21 lag days according to age or gender

Supplemental figure 4 Cumulative associations between 25th temperature and unintentional injury over

0-21 lag days according to injury mechanism or injury location

Supplemental Table Legends

Supplemental table 1 Correlations between the meteorological variables

Supplemental table 2 Descriptive statistics for daily meteorological variables

Supplemental table 3 Epidemiology of patients admitted with unintentional injuries

Supplemental table 4 Cumulative associations between 10th temperature and unintentional injury over

0-14 lag days

Supplemental table 5 Cumulative associations between 25th temperature and unintentional injury over

0-14 lag days

Supplemental table 6 Cumulative associations between 10th temperature and unintentional injury over

0-28 lag days

Supplemental table 7 Cumulative associations between 25th temperature and unintentional injury over

0-28 lag days

LiY, et al. BMJ Open 2024; 14:e083891. doi: 10.1136/bmjopen-2024-083891



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

0 5 10 20 N

Supplemental figure 1 The location of Tianjin

120

80 - ‘

|\“ |w‘T
|

?‘L'L ||" ‘r'Wm :\‘H" J\ H \L\"

)

4

lle

,.4.”“ W _L'qul
|

| ﬂn

lﬂﬂ

The counts of patients admitted
with unintentional injuries

0 T T T T T T T T T T T

N NN N N N N N N N N N Date
‘L\\\\ flz\@ ’l>\® ’L\\b‘\ ’1"\\%\ ‘L\CO\ ‘1:\<\\ ‘L@ ’lz\O)\ \Q\ \\\ '\\@
SR S S R R A

Supplemental figure 2 Time series of daily counts of patients admitted with unintentional injuries

LiY, et al. BMJ Open 2024; 14:e083891. doi: 10.1136/bmjopen-2024-083891



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open

A Total B Gender
2.0 Total 20 Male 20 Female
1.5 1.5 1.5
4 [+ =4
© k © ©
1.0 S 1.0 e 10 e
0.5+ v . . 0.54+— . . . . , 0.5 , . y ,
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25
Lag days Lag days Lag days
C Age
£ <18 years 89 18-64 years 30 265 years
25 2.5 2.5
w 20 x 20 x 20
4 e 4
1.5 1.5 1.5
1,07 o 1.0 - 1.0
0.5 0.5 0.5 . .
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25
Lag days Lag days Lag days

RR

RR

Supplemental figure 3 Cumulative associations between 25th temperature and unintentional

injury over 0-21 lag days according to age or gender

A Mechanism

301 Road traffic injury %0 Falls 391 Mechanical injury 30 Other injury
25 25 25 2.5
20 o 2.0 o 20 ¥ 20
'3 B (3
15 15 15 15
Y T
10 = 1.0 mm 1.0 i 10 :
£
05 . 05l . , 0.5 ; 0.5 - :
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25
Lag days Lag days Lag days Lag days
B Location
30 Head and neck 20 Thorax 30 Abdomen 20 Upper extremity
25 2.5 25 25
20 r 20 x 20 x 20
4 o o
15 15 15 15
10 et 1.0 1.0 -z 1.0 e
05 0.5 0.5 0.5
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25
Lag days Lag days Lag days Lag days
30 Hip and thigh 30, Lower extremity 30 Multiple regions 50 Unspecified
25 25 25
40
20 o 20 v 20 i
[3 13 [
15 15 15 2
LN
e = — = p
10 1.0 10 o o .
0.5 . 05l . 0.5 y - .
0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25

Lag days

Lag days

Lag days

Lag days

Supplemental figure 4 Cumulative associations between 25th temperature and unintentional

injury over 0-21 lag days according to injury mechanism or injury location

LiY, et al. BMJ Open 2024; 14:e083891. doi: 10.1136/bmjopen-2024-083891



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

BMJ Open

Supplemental table 1 Correlations between the meteorological variables

Weather variables Average
Barometric Mean Max Min Relative
Precipitation ~ wind
pressure temperature  temperature  temperature  humidity
velocity
Barometric pressure 1.00 - - - - - -
Mean temperature -0.87 1.00 - - - - -
Max temperature -0.85" 0.98" 1.00 - - - -
Min temperature -0.80™ 0.97™ 0.92" 1.00 - - -
Relative humidity -0.25™ 0.37" 0.29" 0.48" 1.00 - -
Precipitation -0.25™ 0.29™ 0.21™ 0.38" 0.46™ 1.00 -
Average wind velocity ~ -0.14™ 0.07 0.05 0.08 -0.37™ 0.02 1.00

**: P<0.01; Bold font: The Spearman correlation coefficients were greater than 0.8.
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Supplemental table 2 Descriptive statistics for daily meteorological variables

Meteorological variables Min Py P3s Pso Prs Pyy Max
Mean temperature (°C) -14.2 -1.1 4.9 14.2 23.6 27.0 30.3
Max temperature (°C) -7.9 4.6 11.0 20.5 28.6 31.6 36.9
Min temperature (°C) -19.9 -5.8 -0.5 9.2 19.1 22.8 26.5
Barometric pressure (hPa) 994.4 1002.9 1007.6 1016.4 1024.3 1028.7 1044.5
Relative humidity (%) 18.3 30.2 45.4 65.0 75.8 85.2 98.8
Precipitation (mm) 0.0 0.0 0.0 0.0 0.0 3.5 136.6
Average wind velocity (m/s) 0.7 1.4 1.8 2.4 3.1 4.1 8.0
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Supplemental table 3 Epidemiology of patients admitted with unintentional injuries

Variable n (%)

Total 12 241 (100%)
Gender

Male 7 360 (60.13%)

Female 4 881 (39.9%)
Age

< 18 years 1 118 (9.1%)

18-64 years 7 827 (63.9%)

> 65 years 3296 (26.9%)
Mechanism

Road traffic injury

Falls

Mechanical injury

Other injury

Location

Head and neck

Thorax

Abdomen

Upper extremity

Hip and thigh

Lower extremity

1571 (12.8%)

7521 (61.4%)

2830 (23.1%)

319 (2.6%)

122 (1.0%)

597 (4.9%)

548 (4.5%)

4375 (35.7%)

2828 (23.1%)

3373 (27.6%)
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Multiple regions in 176 (1.4%)

the body

Unspecified 222 (1.8%)
Diagnosis

Fracture 9969 (81.4%)

Non-fracture 2272 (18.6%)
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Supplemental table 4 Cumulative associations between 10th temperature and unintentional injury over 0-14 lag days

Subgroups Lag

0 1 3 5 7 | 14
Total 1.30(1.12, 1.50) 1.23 (1.14, 1.33) 1.13 (1.04, 1.22) 1.07 (1.00, 1.17) 1.06 (0.97, 1.12) 0.91 (0.78, 1.06)
Gender
Male 1.27 (1.07, 1.50) 1.21 (1.11, 1.32) 1.13 (1.04, 1.24) 1.10 (1.02, 1.19) 1.09 (1.01, 1.19) 0.89 (0.75, 1.06)
Female 1.34 (1.09, 1.65) 1.25(1.12, 1.40) 1.11 (1.00, 1.24) 1.02 (0.93, 1.12) 0.97 (0.88, 1.07) 0.93 (0.75, 1.15)
Age
< 18 years 1.64 (0.86, 3.14) 1.16 (0.84, 1.60) 0.97 (0.70, 1.36) 1.06 (0.81, 1.39) 1.12(0.84, 1.48) 1.92 (1.00, 3.68)
18-64 years 1.24 (1.069, 1.448) 1.21 (1.120, 1.31) 1.11 (1.03, 1.20) 1.03 (0.96, 1.10) 1.00 (0.93, 1.08) 0.84(0.72, 0.97)
>65 years 1.380 (1.038, 1.835) 1.27 (1.10, 1.47) 1.19(1.03, 1.38) 1.16 (1.02, 1.31) 1.12 (0.98, 1.28) 0.96 (0.72, 1.28)
Mechanism
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Road traffic injury

1.38 (1.04, 1.84)

1.27 (1.10, 1.47)

1.19 (1.03, 1.38)

1.16 (1.02, 1.31)

1.12 (0.98, 1.28)

0.96 (0.72, 1.28)

Falls

1.58(1.28,1.95)

1.35 (1.22, 1.51)

1.17 (1.05, 1.31)

1.13 (1.03, 1.24)

1.12 (1.02, 1.24)

0.93 (0.75, 1.15)

Mechanical injury

1.08 (0.90, 1.30)

1.04 (0.95, 1.15)

1.00 (0.90, 1.10)

0.97 (0.90, 1.08)

0.97 (0.88, 1.06)

0.94 (0.79, 1.13)

Other injury

1.09 (0.34, 3.54)

1.43 (0.81, 2.51)

1.12 (0.63, 2.00)

0.64 (0.40, 1.03)

0.47 (0.28, 0.78)

0.85 (0.26, 2.71)

Location

Head and neck

1.48 (0.73, 3.02)

0.93 (0.62, 1.37)

0.73 (0.49, 1.08)

0.84 (0.59, 1.19)

0.94 (0.62, 1.41)

1.17 (0.46, 2.93)

Thorax

2.05 (1.20, 3.51)

1.72 (1.29, 2.29)

1.51 (1.14, 2.01)

1.40 (1.09, 1.80)

1.15 (0.88, 1.52)

1.19 (0.69, 2.03)

Abdomen

1.00 (0.98, 1.02)

0.99 (0.98, 1.00)

0.99 (0.98, 1.01)

1.00 (0.99, 1.01)

1.01 (1.00, 1.02)

1.01 (0.99, 1.03)

Upper extremity

1.16 (0.95, 1.40)

1.09 (0.98, 1.20)

1.02 (0.92, 1.12)

1.01 (0.93, 1.10)

1.05 (0.95, 1.15)

0.86 (0.70, 1.04)

Hip and thigh

1.40 (1.01, 1.94)

1.19 (1.01, 1.41)

1.13 (0.95, 1.34)

1.20 (1.04, 1.38)

1.20 (1.04, 1.40)

1.09 (0.78, 1.52)

Lower extremity

1.58 (1.21,2.07)

1.37 (1.20, 1.58)

1.14 (1.00, 1.32)

1.06 (0.94, 1.19)

1.04 (0.92, 1.18)

0.98 (0.75, 1.29)

Multiple regions

1.45 (0.66, 3.17)

1.03 (0.68, 1.56)

0.76 (0.51, 1.15)

0.79 (0.55, 1.13)

0.94 (0.65, 1.38)

0.88 (0.40, 1.94)
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Unspecified

1.92 (0.27, 13.76)

1.57 (0.62, 4.00)

0.57 (0.23, 1.42)

0.27 (0.12, 0.61)

0.33 (0.14, 0.78)

0.34 (0.05, 2.40)

Diagnosis

Fracture

1.45(1.23, 1.71)

1.28 (1.17, 1.39)

1.12 (1.03, 1.22)

1.09 (1.01, 1.17)

1.08 (1.00, 1.16)

0.96 (0.81, 1.13)

Non-fracture

1.14 (0.84, 1.55)

0.98 (0.83, 1.16)

0.92 (0.79, 1.08)

0.99 (0.86, 1.14)

1.04 (0.89, 1.20)

1.34 (1.00, 1.79)
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Supplemental table 5 Cumulative associations between 25th temperature and unintentional injury over 0-14 lag days

Subgroups Lag

0 1 3 5 7 | 14
Total 1.15(1.04, 1.27) 1.12 (1.07, 1.18) 1.08 (1.02, 1.14) 1.05 (1.01, 1.10) 1.03 (0.99, 1.08) 0.95 (0.85, 1.05)
Gender
Male 1.14 (1.01, 1.28) 1.12 (1.05, 1.18) 1.08 (1.02, 1.15) 1.06 (1.01, 1.11) 1.06 (1.00, 1.11) 0.93(0.82, 1.04)
Female 1.16 (1.02, 1.32) 1.13(1.05, 1.21) 1.07 (1.00, 1.15) 1.03 (0.97, 1.09) 0.99 (0.93, 1.06) 0.98 (0.85, 1.12)
Age
<18 years 1.44 (0.80,2.61) 1.10(0.82, 1.47) 0.97 (0.72, 1.31) 1.06 (0.84, 1.35) 1.11 (0.86, 1.42) 1.79 (1.00, 3.20)
18-64 years 1.11 (1.01, 1.22) 1.11 (1.06, 1.16) 1.07 (1.02, 1.12) 1.02 (0.98, 1.07) 1.01 (0.96, 1.05) 0.90 (0.82, 0.99)
>65 years 1.21(0.97, 1.50) 1.16 (1.04, 1.28) 1.11 (1.00, 1.24) 1.09 (1.00, 1.20) 1.07 (0.97, 1.18) 0.97 (0.78, 1.20)
Mechanism
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1.21 (0.97, 1.50)

1.16 (1.04, 1.28)

1.11 (1.00, 1.24)

1.09 (1.00, 1.20)

1.07 (0.97, 1.18)

0.97 (0.77, 1.20)

Falls

1.31(1.12, 1.53)

1.19 (1.10, 1.28)

1.10 (1.02, 1.20)

1.10 (1.03, 1.17)

1.10 (1.02, 1.17)

0.97 (0.830, 1.14)

Mechanical injury

1.02 (0.93, 1.12)

1.01 (0.97, 1.07)

1.00 (0.96, 1.05)

0.99 (0.95, 1.03)

0.98 (0.94, 1.03)

0.96 (0.88, 1.06)

Other injury

1.43 (0.48, 4.27)

1.31 (0.78, 2.20)

0.91 (0.54, 1.53)

0.64 (0.42, 0.980)

0.56 (0.36, 0.88)

1.06 (0.37, 3.02)

Location

Head and neck

1.14 (0.86, 1.51)

0.97 (0.83, 1.14)

0.91 (0.77, 1.06)

0.96 (0.83, 1.10)

0.98 (0.84, 1.16)

1.07 (0.74, 1.54)

Thorax

1.43 (1.02, 2.01)

1.34 (1.12, 1.59)

1.27 (1.06, 1.51)

1.20 (1.03, 1.40)

1.06 (0.90, 1.25)

1.19 (0.84, 1.69)

Abdomen

1.01 (0.80, 1.28)

0.91 (0.81, 1.03)

0.93 (0.83, 1.05)

1.04 (0.94, 1.16)

1.10(0.97, 1.23)

1.09 (0.87, 1.36)

Upper extremity

1.07 (0.95, 1.20)

1.05 (0.99, 1.11)

1.02 (0.96, 1.08)

1.01 (0.96, 1.06)

1.03 (0.97, 1.08)

0.91 (0.81, 1.03)

Hip and thigh

1.23 (0.94, 1.60)

1.08 (0.95, 1.22)

1.05 (0.92, 1.20)

1.13 (1.01, 1.26)

1.15 (1.02, 1.29)

1.13 (0.87, 1.48)

Lower extremity

1.30 (1.07, 1.59)

1.21 (1.10, 1.34)

1.09 (0.99, 1.21)

1.04 (0.96, 1.13)

1.04 (0.95, 1.13)

0.95 (0.78, 1.16)

Multiple regions

1.11 (0.78, 1.56)

1.01 (0.85, 1.21)

0.91 (0.76, 1.09)

0.90 (0.7, 1.05)

0.95 (0.80, 1.12)

0.91 (0.64, 1.29)
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Unspecified

2.30 (0.34, 15.74)

1.58 (0.63, 3.94)

0.55 (0.23, 1.33)

0.30 (0.14, 0.65)

0.40 (0.18, 0.89)

0.54 (0.06, 3.38)

Diagnosis

Fracture

1.23(1.10, 1.37)

1.15 (1.08, 1.21)

1.08 (1.02, 1.14)

1.06 (1.01, 1.11)

1.05 (1.00, 1.11)

0.98 (0.87, 1.10)

Non-fracture

1.20 (0.79, 1.83)

0.97 (0.77, 1.22)

0.89 (0.72, 1.11)

0.98 (0.81, 1.19)

1.06 (0.86, 1.29)

1.50 (1.01, 2.24)
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Supplemental table 6 Cumulative associations between 10th temperature and unintentional injury over 0-28 lag days

Subgroups Lag

0 1 3 5 7 | 28
Total 1.39(1.23, 1.56) 1.30(1.20, 1.41) 1.17 (1.10, 1.25) 1.09 (1.03, 1.17) 1.05 (0.99, 1.11) 1.08 (0.97, 1.21)
Gender
Male 1.35(1.16, 1.58) 1.29 (1.16, 1.44) 1.20 (1.11, 1.30) 1.14 (1.05, 1.23) 1.10(1.02, 1.180) 1.12 (0.97, 1.30)
Female 1.44 (1.22,1.72) 1.31 (1.16, 1.48) 1.13 (1.03, 1.24) 1.03 (0.94, 1.13) 0.98 (0.90, 1.06) 1.08 (0.92, 1.27)
Age
< 18 years 1.33(0.92, 1.93) 1.19(0.92, 1.53) 1.04 (0.86, 1.26) 1.01 (0.84, 1.23) 1.03 (0.87, 1.24) 1.14 (0.81, 1.60)
18-64 years 1.36 (1.19, 1.55) 1.27 (1.16, 1.39) 1.14 (1.07, 1.22) 1.06 (0.99, 1.14) 1.02 (0.95, 1.09) 1.08 (0.95, 1.22)
>65 years 1.48 (1.15,1.91) 1.42 (1.19, 1.68) 1.29 (1.14, 1.47) 1.19 (1.04, 1.35) 1.12 (0.99, 1.25) 1.08 (0.84, 1.37)
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Road traffic injury

1.13 (0.76, 1.67)

1.16 (0.89, 1.51)

1.19 (0.99, 1.44)

1.18 (0.98, 1.43)

1.15(0.96, 1.37)

1.24 (0.86, 1.81)

Falls

1.64 (1.39, 1.95)

1.48 (1.32, 1.67)

1.27(1.17, 1.39)

1.16 (1.06, 1.26)

1.10 (1.01, 1.19)

1.14 (0.97, 1.34)

Mechanical injury

1.05 (0.92, 1.20)

1.04 (0.95, 1.14)

1.01 (0.94, 1.09)

0.98 (0.91, 1.05)

0.95 (0.89, 1.02)

0.99 (0.88, 1.11)

Other injury 1.94 (0.81, 4.63) 1.35(0.74, 2.44) 0.83 (0.54, 1.28) 0.66 (0.43, 1.02) 0.63 (0.4, 0.93) 0.82(0.35, 1.88)
Location

Head and neck 1.21 (0.60, 2.44) 1.01 (0.61, 1.67) 0.81 (0.54, 1.20) 0.740 (0.50, 1.10) 0.74 (0.50, 1.07) 1.76 (0.85, 3.64)
Thorax 2.27 (1.40, 3.68) 1.98 (1.42,2.77) 1.53 (1.19, 1.98) 1.23 (0.95, 1.59) 1.04 (0.82, 1.31) 0.95 (0.58, 1.54)
Abdomen 1.46 (0.90, 2.36) 1.40 (1.00, 1.95) 1.29 (1.01, 1.66) 1.21 (0.94, 1.55) 1.14 (0.90, 1.43) 1.09 (0.69, 1.73)
Upper extremity 1.13(0.95, 1.34) 1.12 (1.10, 1.26) 1.10 (1.00, 1.19) 1.07 (0.98, 1.16) 1.04 (0.96, 1.13) 1.10(0.942, 1.282)
Hip and thigh 1.42 (1.14,1.78) 1.34(1.15,1.57) 1.23 (1.10, 1.39) 1.16 (1.03, 1.31) 1.12 (1.00, 1.25) 1.09 (0.88, 1.34)

Lower extremity

1.69 (1.36, 2.10)

1.49 (1.28, 1.73)

1.24 (1.11, 1.39)

1.11 (1.10, 1.25)

1.06 (0.95, 1.17)

1.11 (0.90, 1.37)
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Multiple regions

1.05 (0.57, 1.95)

0.93 (0.60, 1.43)

0.81 (0.59, 1.12)

0.80 (0.58, 1.12)

0.85(0.62, 1.17)

0.91 (0.52, 1.59)

Unspecified

2.65 (0.66, 10.76)

1.59 (0.63, 4.02)

0.83 (0.42, 1.64)

0.64 (0.31, 1.30)

0.63 (0.32, 1.23)

2.08 (0.50, 8.72)

Diagnosis

Fracture

1.47 (1.29, 1.67)

1.36 (1.24, 1.49)

1.20 (1.12, 1.29)

1.11 (1.03, 1.19)

1.05 (0.99, 1.12)

1.07 (0.94, 1.21)

Non-fracture

1.09 (0.87, 1.35)

1.07 (0.92, 1.25)

1.05(0.93,1.17)

1.03 (0.91, 1.15)

1.00 (0.90, 1.12)

1.15(0.94, 1.40)
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Supplemental table 7 Cumulative associations between 25th temperature and unintentional injury over 0-28 lag days

Subgroups Lag

0 1 3 5 7 | 28
Total 1.21 (1.11, 1.32) 1.17 (1.10, 1.24) 1.11 (1.06, 1.16) 1.07 (1.02, 1.12) 1.04 (1.10, 1.08) 1.06 (0.98, 1.15)
Gender
Male 1.21 (1.06, 1.37) 1.17 (1.08, 1.28) 1.13 (1.06, 1.20) 1.09 (1.02, 1.16) 1.07 (1.00, 1.13) 1.12 (0.98, 1.26)
Female 1.22 (1.09, 1.37) 1.17 (1.08, 1.27) 1.09 (1.03, 1.15) 1.03 (0.97, 1.10) 1.00 (0.95, 1.06) 1.04 (0.93,1.16)
Age
<18 years 1.18 (0.91, 1.53) 1.10 (0.92, 1.32) 1.02 (0.90, 1.17) 1.01 (0.88, 1.15) 1.02 (0.90, 1.15) 1.11 (0.87, 1.42)
18-64 years 1.19 (1.09, 1.30) 1.15(1.08, 1.23) 1.09 (1.04, 1.14) 1.05 (1.00, 1.10) 1.02 (0.98, 1.07) 1.06 (0.97, 1.15)
>65 years 1.28 (1.03, 1.58) 1.24 (1.08, 1.44) 1.18 (1.06, 1.31) 1.12 (1.01, 1.25) 1.07 (0.97, 1.18) 1.05 (0.86, 1.30)
Mechanism
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1.10 (0.77, 1.58)

1.14 (0.89, 1.44)

1.16 (0.98, 1.37)

1.15 (0.96, 1.36)

1.11 (0.95, 1.30)

1.21 (0.86, 1.71)

Falls

1.35(1.18, 1.54)

1.28 (1.17, 1.40)

1.18 (1.10, 1.26)

1.11 (1.04, 1.19)

1.08 (1.01, 1.15)

1.11 (0.98, 1.26)

Mechanical injury

1.01 (0.96, 1.07)

1.01 (0.97, 1.06)

1.01 (0.97, 1.04)

0.99 (0.96, 1.03)

0.98 (0.96, 1.01)

0.99 (0.94, 1.04)

Other injury 1.75(0.79, 3.88) 1.21(0.71, 2.07) 0.76 (0.52, 1.11) 0.62(0.42, 0.91) 0.61(0.43,0.87) 0.79 (0.37, 1.67)
Location

Head and neck 1.08 (0.74, 1.56) 1.01 (0.77, 1.32) 0.93(0.76, 1.14) 0.90 (0.73, 1.10) 0.89 (0.73, 1.08) 1.30(0.89, 1.89)
Thorax 1.64 (1.13,2.40) 1.50 (1.16, 1.94) 1.28 (1.06, 1.54) 1.13(0.93, 1.37) 1.04 (0.87, 1.24) 1.11 (0.76, 1.63)
Abdomen 1.26 (0.87, 1.82) 1.27 (0.98, 1.63) 1.25 (1.04, 1.51) 1.21 (1.00, 1.46) 1.16 (0.98, 1.38) 1.02 (0.72, 1.45)
Upper extremity 1.07 (0.95, 1.20) 1.07 (0.99, 1.16) 1.06 (1.00, 1.13) 1.05 (0.99, 1.11) 1.03 (0.98, 1.09) 1.06 (0.95, 1.18)
Hip and thigh 1.22 (1.05, 1.42) 1.18 (1.07, 1.31) 1.13 (1.05, 1.22) 1.10 (1.02, 1.19) 1.07 (1.00, 1.15) 1.08 (0.94, 1.25)

Lower extremity

1.37 (1.16, 1.63)

1.28 (1.14, 1.44)

1.16 (1.07, 1.26)

1.09 (1.00, 1.19)

1.06 (0.98, 1.15)

1.07 (0.91, 1.26)

Multiple regions

1.01 (0.78, 1.33)

0.96 (0.80, 1.16)

0.908 (0.789, 1.044)

0.900 (0.781, 1.038)

0.920 (0.804, 1.053)

0.957 (0.749, 1.223)
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2.76 (0.71, 10.73)

1.62 (0.66, 3.97)

0.84 (0.4, 1.62)

0.67 (0.34, 1.33)

0.70 (0.37, 1.32)

1.98 (0.50, 7.86)

Diagnosis

Fracture

1.25(1.14, 1.38)

1.20 (1.13, 1.28)

1.13 (1.08, 1.18)

1.08 (1.03, 1.13)

1.05 (1.00, 1.09)

1.05 (0.96, 1.15)

Non-fracture

1.05 (0.90, 1.21)

1.04 (0.94, 1.16)

1.04 (0.96, 1.12)

1.02 (0.95, 1.10)

1.01 (0.94, 1.08)

1.10 (0.95, 1.26)
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