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ABSTRACT
Objectives  Recreational physical activity is an integral 
part of our society, and the injuries caused by sports 
activities are a concern for public health. We studied 
the effect of outdoor ambient temperature on hospital 
emergency department visits caused by sports injuries in 
Madrid, Spain, and accounted for its seasonal changes.
Methods  We used a time-series design. Data was 
analysed with quasi-Poisson regression models. We 
calculated the proportion of emergency visits attributable 
to seasonal changes before and after adjusting for daily 
ambient temperature. We modelled the association 
between emergency visits and temperature using 
distributed lag non-linear models.
Results  The proportion of emergency visits attributable 
to seasonal changes was 24.1% and decreased to 
7.6% after adjusting for temperature. We found a high 
risk of emergency visits associated with cold and hot 
temperatures, whereas the risk was higher for heat.
Conclusion  Sports and recreational physical activity 
injuries are not rare events; therefore, appropriate 
healthcare decisions should consider the impact of outdoor 
ambient temperature and seasonal changes.

INTRODUCTION
Injuries are a global public health problem.1 
Among these, sports injuries can be an 
adverse outcome of participation in sports 
and recreational activities, becoming a signif-
icant public health issue.2 Almost 6 million 
people need treatment in a hospital due to an 
injury related to sports activity, of whom 10% 
require hospitalisation for 1 day or more.3

Seasonality in trauma hospital admis-
sions and the association between weather 
and traumatic injuries has previously been 
described.4 5 Hospital admissions rise during 
summer months6; however, weather variables 
are better predictors of seasonality in daily 
trauma admissions than simple information 
on day-of-year.7 Weather conditions may have 
a direct effect on injuries.4 5 Heat stress risk is 
often assumed lowest in sports practice and 

recreational physical activities, but cases of 
fatal exertional heastroke have occurred in 
elite sports.8

Climatic changes during the annual 
cycle can force human behaviour changes . 
Consequently, physical activity is mediated 
by social factors and seasonal influences9 
directly related to the outdoor tempera-
ture.10 The occurrence of sports injuries has 
been reported at national and local level.11 12 
However, most of these studies are based on 
weekly, monthly or annual data, and only a 
few have evaluated the association between 
incidence of sports injuries and daily variation 
of outdoor temperature.13 Here, time-series 
studies collecting daily data have been 
widely used in environmental epidemiology 

What is already known?

►► Injuries caused by sports activities are a concern for 
public health.

►► Physical activity is mediated by social factors and 
seasonal effects directly related to outdoor ambient 
temperature.

►► Weather has direct and indirect effects on injuries, 
but the role of temperature on seasonal changes in 
sports injuries is unclear.

What are the new findings?

►► The risk of hospital emergency room visits caused 
by sports injuries increases one day after the expo-
sure within a moderate range of daily mean ambient 
temperature.

►► The seasonality of hospital emergency department 
visits caused by sports injuries depends on the out-
door ambient temperature distribution.

►► Healthcare decisions for sports injuries should con-
sider the effects of ambient temperature and sea-
sonal changes.
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to investigate short-term associations between environ-
mental exposures and health outcomes.14

We aimed to quantify the short-term association of 
outdoor ambient temperature on the incidence of 
hospital emergency department visits caused by sports 
injuries in a large metropolitan area (Madrid, Spain), 
accounting for its seasonal changes.

MATERIAL AND METHOD
Data
We collected daily counts of emergency department visits 
caused by sports injuries from Madrid’s region hospi-
tals between 1st January 2012 and 31st December 2015. 
Data was provided by the national registry of hospital 
activity, named the Minimum Basic Data Set Hospital 
Discharge Database (CMBD) of the Ministry of Health, 
Social Services and Equality of Spain. The study period 
was defined based on the availability of data. We included 
patients whose hospital admission was caused by a sports 
injury. Specifically, the primary or secondary diagnostics 
should contain any of the following International Clas-
sification of Diseases, 9th revision, Clinical Modification 
codes (ICD-9-CM: E001, activities related to walking and 
running; E002, activities involving water and watercraft; 
E003, activities involving ice and snow; E004, activities 
related to climbing, abseiling and jumping; E005, activ-
ities related to dance and other rhythmic movements; 
E006, activities related to other sports and athletics prac-
tised individually; E007, activities related to other sports 
and athletics practised in a team or group; E008, activi-
ties related to other specified sports and athletics; E009, 
activity involving other cardiorespiratory exercise; E010, 
activity involving other muscle strengthening exercises).

We considered daily mean (24 hours average) ambient 
temperature (in °C) because it reflects the cumulative 
daily exposure better than peak values at minimum or 
maximum temperature, which only happens in a partic-
ular hour of the day.15 Temperature data was collected 
from the Madrid-Retiro observatory by the Spain National 
Meteorology Agency because it represents city tempera-
ture.16

Statistical analysis
The association between daily emergency visits by sports 
injuries and ambient temperature was investigated using 
time-series regression analysis. This type of design has 
been broadly used in environmental epidemiology to 
investigate whether some of the short-term variations 
in health outcomes can be explained by changes in 
environmental risk exposures.14 However, the raw data 
for emergency visits and ambient temperature show 
long-term patterns, including seasonality (figure  1). As 
our interest is in the short-term association, long-term 
patterns need to be controlled to evaluate whether daily 
temperature explains the emergency visits short-term 
variations. Therefore, we fitted a quasi-Poisson regression 
model considering day-of-year as the exposure indicator 
for seasonality using a cyclic spline with 3 df.17 We also 

adjusted for short-term variations using indicator vari-
ables for the day of the week, public holidays and summer 
vacation population decrease (ie, between 15 July and 31 
August).

To disentangle the impact of seasonal changes from the 
short-term effects of daily temperature, we calculated the 
proportion of emergency visits attributable to seasonal 
changes before and after adjusting for temperature.18 
We modelled the association with ambient temperature 
using a distributed lag non-linear model (DLNM).19 
These models can describe the complex non-linear and 
lagged dependencies typically found for temperature and 
health outcomes by combining two functions that define 
the conventional exposure-response relationship and the 
additional lag-response relationship, respectively. The 
lag-response association represents the temporal change 
in risk after a specific exposure, and it estimates the distri-
bution of immediate and delayed effects that cumulate 
across the lag period. Because the delayed effects and 
the shape of the association between daily emergency 
visits by sports injuries and ambient temperature were 
still unknown, we extended the lag period to one week 
and modelled the exposure-response curve with a natural 
cubic spline.

Data was analysed using the R software (V.3.2.2; R 
Development Core Team) with the splines and dlnm 
packages.20

RESULTS
A total of 1060 emergency visits caused by sports injuries 
were registered during the study period (table 1). Patients 
were mainly men (80.7%), adults between 20–50 years 
old (58.5%) and primarily Social Security beneficiaries 
(81.7%). A large majority of these injuries were serious; 
over 60% were attended by traumatology and orthogeri-
atric surgery service and resulted in two or more days in 
the hospital. Although almost everyone was discharged 
home (97.3%), seven patients died. The daily average 
count of emergency visits was 0.7 cases, ranging from 

Figure 1  Daily distribution of emergency visits by sports 
injuries (top panel) and daily mean ambient temperature 
(bottom panel) in Madrid, 2012–2015.
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0 to 6. Emergency visits mainly occurred in March and 
September and in July and August to a lesser extent. The 
average daily ambient temperature was 15.8°C, ranging 
between 1°C and 32.5°C.

The seasonal pattern for emergency visits risk shows 
an M-shape increasing from winter to spring, with a 
slight decrease in Summer and rising back in Autumn 
to lowering in Winter (figure  2). Here, 24% of emer-
gency visits were attributable to seasonal change, which 
decreased substantially to 7% after adjusting for tempera-
ture.

Figure  3 shows the relative risk of emergency visits 
along with daily ambient temperature and lag dimen-
sion. The relative risk (RR) is interpreted as the ratio 
between the risk of a specific temperature at a specific 
lag compared with the risk at the minimum reference 
temperature, located at 1°C . The red line indicates the 
RR along with daily temperature at a lag of 1 day (ie, 1 day 
after the temperature exposure), where the only signifi-
cant association was observed. The orange lines show 
the RR across the lag dimension for cold (5°C) and hot 
(28°C) temperatures, defined arbitrarily at the 5 and 95 

percentiles of the temperature distribution, respectively. 
For both cold and hot temperatures, the highest risk was 
observed at lag 1.

Overall, we found a high risk of emergency visits asso-
ciated with cold and hot temperatures, whereas the risk 
was higher for heat (table  2). Stratifying by patients’ 
characteristics, we found that women had a higher risk of 
emergency visits. The risk decreased by age group, being 
higher at younger ages. According to the type of injury, 
the risk was higher for those who were attended by the 

Table 1  Characteristics of the emergency visits by sports 
injuries in Madrid, 2012–2015

n (%)

Gender
 �

Male 855 (80.7)

Female 205 (19.3)

Age
 �
 �

≤20 years 302 (28.5)

21–59 years 620 (58.5)

≥60 years 138 (13.0)

Regime
 �
 �
 �

Social Security 866 (81.7)

Private 56 (5.3)

Injury 43 (4.1)

Others 95 (9.0)

Department
 �
 �
 �
 �
 �

Traumatology and 
orthopaedic surgery

650 (61.3)

Paediatrics or 
paediatrics surgery

76 (7.2)

Neurosurgery 62 (5.8)

Maxillofacial surgery 57 (5.4)

Internal medicine 53 (5.0)

Others 42 (4.0)

Length of stay
 �
 �
 �
 �

≤1 day 312 (29.4)

2 days 198 (18.7)

3–4 days 179 (16.9)

5–7 days 163 (15.4)

≥8 days 130 (12.3)

Discharge
 �
 �

Home 1031 (97.3)

Transfer to another 
facility

22 (2.1)

Death 7 (0.7)

Figure 2  Relative risk of emergency visits by sports injuries 
for seasonal changes before and after adjusting for daily 
ambient temperature.
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Figure 3  Relative risk of emergency visits by sports injuries 
along daily ambient temperature and lag dimension.



4 Tobías A, et al. BMJ Open Sp Ex Med 2021;7:e001205. doi:10.1136/bmjsem-2021-001205

Open access

traumatology and orthopaedic surgery hospital depart-
ments.

DISCUSSION
The seasonality of sports injuries can be mainly 
explained by the temperature distribution, particu-
larly in the warm seasons. We found a high impact of 
ambient temperature 1 day after the exposure on the 
risk of hospital emergency department visits caused 
by sports injuries.

Our results are consistent with previous studies for 
all cause-trauma associated with weather and temporal 
factors.4 5 Kim et al21 also reported a non-linear asso-
ciation between outdoor temperature and traumatic 
injuries; however, the risk of sports injuries attrib-
utable to outdoor temperature can vary according 
to the injury type. Røislien et al7 reported the same 
seasonal pattern, decreasing the risk with cold and 
hot temperatures. Only Nitschke et al13 reported a 
decrease in sports-related injuries of 36% during 
heatwaves in Australia. According to our knowledge, 
this would be the first study to determine the impact 
of outdoor ambient temperature on daily emergency 
visits caused by sports injuries in a large metropolitan 
area. The use of daily time-series allows investigating 
short-term associations and seasonal effects using a 
standardised methodology commonly used in envi-
ronmental epidemiology studies.14 19 Whereas the 
use of weekly, monthly or annual data only allow 
describing roughly seasonal or long-term patterns in 
sports injury surveillance and incidence studies.4 5

We observed a range of mild ambient tempera-
tures in which the risk of sports injuries increases 
substantially. Physical activity is influenced by the 
environment, including day length and weather 
conditions.22 The seasonal effects of emergency visits 

caused by sports injuries are mainly explained by 
the ambient temperature. However, we still observed 
a considerable risk in the winter season after 
controlling for temperature. This may be due to the 
impact of participation in winter sports in the Madrid 
region, where there are three sky stations (Navacer-
rada, Valdesquí and La Pinilla) with a high use during 
the winter season. However, the ambient temperature 
may not play a significant role in winter sports inju-
ries, as these are more likely to cause severe injuries 
due to crowding or safety measures rather than daily 
temperature changes. Moreover, summer sports and 
sports played in tropical and subtropical environ-
ments are projected to be the most affected by future 
warming.8 The 6th Assessment Report of the Inter-
governmental Panel on Climate Change indicates 
that the average temperature in Spain could increase 
up to 3°C. Therefore, the number of days unsafe 
for moderate physical activity will increase in future 
climate change scenarios. Sports requiring intense 
physical activity and those with prolonged environ-
mental exposures will be at high risk.8 The study may 
have implications for the planning of care provision 
in trauma units since the first stage in sports injury 
prevention is establishing the extent of the problem 
through injury surveillance and epidemiology.2

Limitations
We should note the limited information available from 
the registration of the activity database for Spanish 
hospitals (CMBD) related to sports injuries. Data on 
the type of injury, place of occurrence, type of sport 
practised when the injury occurred and daily physical 
activity volume was not available. Thus, the observed 
association could be mediated by the change in the 
volume of physical activity under favourable weather 
conditions.23 We also assumed that most of the injuries 
are from practising recreational sport because injuries 
from registered practice, amateur and professional, 
are often registered in the sports federations’ private 
medical insurances. Despite the rise in specialist clin-
ical services for sports injuries, many of the patients 
attending hospital emergency departments are coded 
as unspecific trauma injuries. Injuries caused by 
sports practice and recreational physical activities are 
not rare events3; therefore, reliable data is needed for 
appropriate healthcare decision-making, in which the 
cost of injury data collection is marginal compared 
with the overall direct medical costs of injuries.3

The prevention of sports injuries is a complex 
phenomenon including multiple factors and 
dynamics (ie, individual, sociocultural and environ-
mental).24 Considering outdoor ambient temperature 
and seasonal changes may be highly relevant in future 
studies. Moreover, further research will also require 
high-quality data at the individual and populational 
levels of direct importance to policymakers.25 This 
would contribute to identifying at-risk, vulnerable 

Table 2  Relative risk of emergency visits by sports 
injuries for cold and hot temperatures compared with the 
temperature at which risk is at minimum

Cold (5°C vs 1°C) Hot (28°C vs 1°C)

RR (95% CI) RR (95% CI)

Overall 2.10 (1.04 to 4.26) 3.27 (0.78 to 13.66)

Gender

 � Male 1.73 (0.83 to 3.59) 2.07 (0.39 to 11.06)

 � Female 3.28 (0.74 to 14.63) 3.50 (0.14 to 90.15)

Age

 � ≤20 years 4.20 (1.00 to 17.58) 6.43 (0.45 to 91.25)

 � 21–59 years 1.39 (0.60 to 3.25) 3.07 (0.53 to 17.91)

 � ≥60 years 1.17 (0.20 to 6.99) 1.48 (0.03 to 68.01)

Department

 � Traumatology and 
orthopaedic surgery

2.29 (1.00 to 5.20) 4.74 (0.83 to 26.99)

 � Other departments 1.04 (0.33 to 3.35) 1.42 (0.15 to 13.22)

95% CI, 95% confidence interval; RR, relative risk.
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groups and the impact of environmental factors on 
sports injuries.

CONCLUSION
Since the importance of the physical activity to main-
tain health is well recognised, sports and recreational 
physical activity injuries are not rare events. This study 
can help to generate burdens from sports injuries 
under the current climate change scenario. Conse-
quently, a national injury prevention strategy could 
help to reduce substantially the injuries caused by 
sports practice by considering the impact of ambient 
temperature and seasonal changes across the type 
of physical activity, demographic groups and health-
care settings. However, there is an absence of a sports 
injury public health policy due to the lack of relevant 
information for policymakers to make appropriate 
decisions.
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