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Abstract: Introduction and objectives. The increase in mortality and hospital admissions associated
with high and low temperatures is well established. However, less is known about the influence of
extreme ambient temperature conditions on cardiovascular ambulance dispatches. This study seeks
to evaluate the effects of minimum and maximum daily temperatures on cardiovascular morbidity
in the cities of Vigo and A Coruña in North-West Spain, using emergency medical calls during
the period 2005–2017. Methods. For the purposes of analysis, we employed a quasi-Poisson time
series regression model, within a distributed non-linear lag model by exposure variable and city.
The relative risks of cold- and heat-related calls were estimated for each city and temperature model.
Results. A total of 70,537 calls were evaluated, most of which were associated with low maximum
and minimum temperatures on cold days in both cities. At maximum temperatures, significant
cold-related effects were observed at lags of 3–6 days in Vigo and 5–11 days in A Coruña. At minimum
temperatures, cold-related effects registered a similar pattern in both cities, with significant relative
risks at lags of 4 to 12 days in A Coruña. Heat-related effects did not display a clearly significant
pattern. Conclusions. An increase in cardiovascular morbidity is observed with moderately low
temperatures without extremes being required to establish an effect. Public health prevention plans
and warning systems should consider including moderate temperature range in the prevention of
cardiovascular morbidity.

Keywords: ambulance dispatches; extreme temperature; Galicia; cardiovascular diseases;
quasi-Poisson regression model

1. Introduction

The importance currently attached to global climate change has aroused great interest in studying
the relationships between climate and health. One of the climatic factors which has caused greatest
concern is temperature. The relationship between temperature and mortality is well established,
with a J, V or U-shaped relationship, starting from a minimum mortality temperature (lower risk) and
increasing as temperatures rise or fall [1,2]. It has also been observed that the minimum mortality
temperature and the functional exposure-response curve vary from one place to another due to climatic
conditions and the resilience of the population, among other factors [3].
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Cardiovascular diseases are the leading cause of death in developed countries, with their incidence
being associated with ambient temperature [3]. On days with extreme temperature, an increase
has been observed in the risk of acute myocardial infarctions [4] and cerebrovascular accidents [5].
Likewise, the incidence of episodes of paroxysmal atrial fibrillation, which can cause a decompensation
and increase cardiovascular morbidity, has also been associated with temperature [6]. Under certain
hot and cold environmental conditions, physiological body temperature regulation mechanisms may
become incapable of maintaining thermal equilibrium, leading to alterations that place considerable
stress on the cardiovascular system [7].

Many studies published to date have employed outcomes such as mortality, hospital admissions
and emergency department data [8–10]. Moreover, a contrasting pattern of temperature-related
mortality and hospitalisation can be observed [11].

These types of study only record the most severe cases and, thus, only cover a limited proportion
of patients with cardiovascular problems. These variables may not be sufficiently sensitive to moderate
environmental changes [12,13]. Calls to emergency medical services due to cardiovascular causes may
better reflect the influence of ambient temperature on the incidence of cardiovascular morbidity as they
are capable of registering small decompensations not requiring hospital care. To date, very few studies
have examined the use of emergency medical calls due to cardiovascular causes and their relationship
with temperature.

We sought to study the relationship between extreme daily (minimum and maximum) temperatures
and emergency medical service calls due to cardiovascular causes in two medium-sized cities in
North-West Spain (Vigo and A Coruña) with a predominantly oceanic climate.

2. Methods

2.1. Settings

This study was carried out in two cities (A Coruña and Vigo) located on the Atlantic coast of
Galicia (North-West Spain). A Coruña (latitude 43.3◦, longitude −8.4◦) has a population of 245,711
inhabitants, 24.5% of whom are over 65 years of age, while Vigo (latitude 42.2◦, longitude −8.7◦) has
a population of 295,364, with 22.4% over 65 years of age. A Coruña has a southern oceanic climate and
temperatures remain mild throughout the year, with a low annual temperature range. Vigo’s climate is
one of transition between the Mediterranean oceanic climate and the oceanic climate, with high rainfall.

The Galicia-061 Public Health Emergency Foundation—Fully Integrated Emergency Care Centre
(Fundación Pública Urxencias Sanitarias de Galicia-061—Centro Integrado de Atención ás Emerxencias)
is a public and universal health care system which manages the demand for urgent healthcare,
offers medical advice via telephone and mobilises the necessary health resources (ambulances) to be
sent to the scene of medical incidents.

2.2. Healthcare Data

Emergency medical calls were obtained from the Galicia-061 Public Health Emergency
Foundation—Fully Integrated Emergency Care Centre for the period 1 January 2005 to 14 November
2017 in the cities of Vigo and A Coruña. The medical alert date was used as a time reference.
The database was filtered by cardiovascular cause (International Classification of Diseases, 9th and
10th revisions; ICD-9: 390–459, ICD-10: I00-I99), based on three variables with a diagnostic record of
the alert. The three diagnostic records corresponded to: the suspected diagnosis by central emergency
care staff; the diagnosis by medicalised-ambulance staff; and the diagnosis by primary care staff.
We included all alerts registered with at least one diagnosis of cardiovascular causes in one of the
three variables. No distinction was drawn concerning the nature of termination of the alert (death,
transfer to hospital, etc.).
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2.3. Temperature Data

Data on minimum (Tmin) and maximum daily temperatures (Tmax) recorded by the meteorological
stations located at Vigo airport and in the city centre of A Coruña were obtained from the State
Meteorological Agency (Agencia Estatal de Meteorología), for the study period (1 January 2005 to
14 November 2017).

2.4. Statistical Analysis

The associations between emergency medical calls due to cardiovascular causes and maximum
and minimum temperature were modelled using a Quasi-Poisson time series regression model
within a non-linear lag model distributed according to each exposure variable and city [14,15].
A distributed lag non-linear model (dlnm) simultaneously fits complex non-linear and lagged effects of
an environmental variable on a response variable in generalised linear models or generalised additive
models. The statistical details of the model are described by Bhaskaran et al. [16] and Gasparrini et
al. [17].

To check for long-term trend and seasonality, we included a natural cubic spline with 7 degrees
of freedom (df) per year [17]. In addition, adjustment for the possible confounding effects of the day
of the week was made with an indicator. The lag response curve for the variable of exposure was
modelled using a natural cubic B-spline and three interior knots (equally-spaced log values of lags).
For the relationship between temperature and emergency call, we used a cross-basis matrix consisting
of a quadratic B-spline with three interior knots at specific temperature percentiles for each city (10%,
75% and 90%). The lag period was extended to 14 days to capture the lag in cold-related effects [17].
The threshold temperature (the temperature at which the relative risk of calls is minimal), used as
a reference value was estimated using the method applied by Tobías et al. [18].

For each city and temperature model, we estimated the overall cumulative relative risks of calls
associated with cold and heat, respectively. This was defined as the risk of an increase in the 5%
and 95% percentiles of each temperature distribution in relation to minimum morbidity temperature
(MMT).

The risk of mortality attributable to a temperature xt for a given day t in the time series is defined
as the number ANx,t and fraction AFx,t of calls registered in the next L days, with L being the maximum
lag period, defined by:

AFx,t = 1− exp

− L∑
l=0

βxt,l


and

NAx,t = AFx,t·

L∑
l=0

nt+1

L + 1

where
∑
βxt,l is the overall log-cumulative risk of temperature xt on day t, and nt is the number of calls

on day t. This method is described in detail by Gasparrini and Leone [19].
In the sensitivity analysis, different parameterisations were tested, checking for various degrees

of freedom for the variables (3 to 6 df) of seasonality and trend (6 to 10 df per year). All statistical
analyses were performed with the R software system (version 3.6.2), using the mgcv (version 1.8-15)
and dlnm packages (version 2.2.6) [20].

3. Results

Throughout the study period (1 January 2005 to 14 November 2017), 70,537 calls were made to
the Galician emergency healthcare system due to cardiovascular causes (37,278 in Vigo and 33,259
in A Coruña). Figure 1 shows the trend in the daily series of these calls from 2005 to 2017, showing
a similar seasonal variability for both cities.
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The distribution according to sex in the two cities displayed the same pattern, with 59% of 
emergency call patients being women and only 40.8% men; 76.2% of all patients were over 64 years 
of age. The most frequently diagnosed diseases were stroke, cardiac failure, and chest pain of an 
ischaemic nature. 

The Tmax and Tmin values in Vigo and A Coruña were similar, with total calls and maximum 
values being higher in Vigo (Table 1, Supplementary Materials Figure S2). 

Table 1. Distribution of daily extreme temperature values and emergency calls (2005–2017). 
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Vigo 18.9 4.2 40.8 10.1 −2.8 22.5 37278 7.9 23 

A Coruña 19.2 4.5 39.5 10.5 −2.0 23.6 33259 7.1 18 

The MMT, at which the effect of temperature on calls is estimated to be minimal, with a relative 
risk (RR) of 1.0, was observed at maximum and minimum temperatures of 28.3 °C (95% confidence 
interval (CI), 4.5–39.5 °C) and 16.5 °C (95% CI, 15.0–22.5 °C) in A Coruña and 28 °C (95% CI, 14.1–40.8 
°C) and 15.4 °C (95% CI, −2.7–16.7 °C) in Vigo (Figure 1). The impacts of extreme temperatures on the 

Figure 1. Overall cumulative exposure-response associations between maximum (A) and minimum
temperature (B), and emergency medical calls in the cities of Vigo and A Coruña.

The distribution according to sex in the two cities displayed the same pattern, with 59% of
emergency call patients being women and only 40.8% men; 76.2% of all patients were over 64 years
of age. The most frequently diagnosed diseases were stroke, cardiac failure, and chest pain of
an ischaemic nature.

The Tmax and Tmin values in Vigo and A Coruña were similar, with total calls and maximum
values being higher in Vigo (Table 1, Supplementary Materials Figure S2).

Table 1. Distribution of daily extreme temperature values and emergency calls (2005–2017).

Maximum Temperatures (◦C) Minimum Temperatures (◦C) Calls (Number)

City Mean Minimum Maximum Mean Minimum Maximum Total Mean Maximum

Vigo 18.9 4.2 40.8 10.1 −2.8 22.5 37278 7.9 23

A Coruña 19.2 4.5 39.5 10.5 −2.0 23.6 33259 7.1 18

The MMT, at which the effect of temperature on calls is estimated to be minimal, with a relative risk
(RR) of 1.0, was observed at maximum and minimum temperatures of 28.3 ◦C (95% confidence interval
(CI), 4.5–39.5 ◦C) and 16.5 ◦C (95% CI, 15.0–22.5 ◦C) in A Coruña and 28 ◦C (95% CI, 14.1–40.8 ◦C)
and 15.4 ◦C (95% CI, −2.7–16.7 ◦C) in Vigo (Figure 1). The impacts of extreme temperatures on the
RR of morbidity are summarised in Figure 1. The correlation between emergency calls and extreme
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temperatures was positive, with a non-linear U- and J-shaped increase in effects observed at high
temperatures in the two cities studied. Cold-related effects were more clearly observable compared to
those estimated for heat.

Figure 2 shows the lags of the overall cumulative heat- and cold-related effects of Tmax and Tmin
on emergency medical calls due to cardiovascular diseases in A Coruña and Vigo. In the case of the
effects of Tmax, there was a 2-day lag in the appearance of cold-related effects in Vigo, with a significant
RR after lags of 3 to 6 days and 5 to 11 days in A Coruña. The highest RRs were observed as follows:
1.06 (95% CI, 1.03–1.09) at a lag of 3 to 4 days in Vigo, and 1.03 (95% CI, 1.01–1.05) at a lag of 5 to 6 days
in A Coruña due to the effects of cold. Estimates of cold-induced effects were higher for Vigo than for
A Coruña. Regarding the possible effects attributable to heat in Tmax, no significant RRs were found.
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Figure 2. Structure of lags of overall cumulative heat-and cold-related effects of maximum (A) and
minimum temperature (B) on emergency medical calls in the cities of Vigo and A Coruña.

At Tmin, cold-related effects displayed a similar pattern, with significant RRs at lags of 4 to 12 days
in A Coruña, rising to a maximum of 1.03 (95% CI, 1.02–1.05) at a lag of 6 days. Cold-related effects in
Vigo remained similar, although non-significant, in all the lags, with an RR of 1.01 being observed
(95% CI, 0.99–1.03) at a lag of 6 days.

Possible heat-related effects showed no clearly significant pattern. However, mention should be
made of the heat-induced effect in the city of Vigo, with an RR of 1.01 (95% CI, 0.99–1.02) at a lag of 1
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day. This is extremely clear in Figure 2B at a high minimum temperature. In contrast, no heat-related
effects were detected in A Coruña.

Table 2 shows excess emergency calls attributable to heat and cold, according to the exposure
variable and city. Cold-related cardiovascular morbidity at maximum temperatures was estimated
at 14% (95% CI, 5.4–21.6%) and 7.4% (95% CI, −1.8–15.3%) for A Coruña and Vigo, respectively.
This fraction translated as 4650 excess annual calls (95% CI, 1782–7199) for A Coruña and 2751 (95% CI,
−659–5710) for Vigo. Comparison between the cities showed that excess calls due to cold temperatures
were much higher in the case of A Coruña. The observed effects showed a clear association between
medical calls and low temperatures of maximum and minimum exposure. In contrast, excesses due to
heat were manifestly lower in magnitude, with 0.3% (95% CI, −0.3–0.8%) and 0.4% (95% CI, −0.2–0.9%)
for exposure to Tmax in A Coruña and Vigo, respectively.

Table 2. Emergency medical calls attributable to heat and cold by exposure variable and city.

City Exposure Effect * AF% (95 CI%) ‡ AN (95 CI%)

A Coruña Maximum cold 14 (5.4. 21.6) 4650 (1782, 7199)

A Coruña Maximum heat 0.3 (−0.3. 0.8) 103 (−96, 270)

Vigo Maximum cold 7.4 (−1.8. 15.3) 2751 (−659, 5710)

Vigo Maximum heat 0.4 (−0.2. 0.9) 142 (−59, 319)

A Coruña Minimum cold 15.7 (7.3. 23.5) 5224 (2443, 7823)

A Coruña Minimum heat 0.3 (−0.2. 0.7) 89 (−81, 231)

Vigo Minimum cold 3.9 (−5.6. 12.5) 1448 (−2083, 4666)

Vigo Minimum heat 0.5 (−0.1. 0.9) 169 (−32, 339)

* AF: attributable fraction, ‡ AN: attributable number.

4. Discussion

This study examines the effects of extreme temperatures on emergency medical calls due to
cardiovascular issues in two medium-sized cities (Vigo and A Coruña) in North-West Spain with
an oceanic climate. The results suggest that the number of daily emergency calls are associated with
lower minimum and maximum temperatures. These findings could indicate that low temperatures
are associated with more cases of emergency calls than high temperatures, at least in cities with
an oceanic climate.

The effect found of moderate temperatures on ambulance dispatches due to cardiovascular causes
is consistent with that found in a nationwide study in Japan [21]. In that study, it was observed that
extreme temperatures have less impact [attributable fraction (AF) = 0.1%] on the number of calls than
moderate temperatures, which are responsible for 18% of calls for cardiovascular causes. A similar AF
was found for A Coruña (15.7%). The results obtained from the emergency medical system in Hamburg
(Germany) [22] also demonstrated this greater impact for moderate temperatures. The most plausible
explanation is that the frequency of days with moderately low or high temperatures is higher than
that of days with extreme temperatures. As far as subtypes of cardiovascular events are concerned,
greater effects are shown to be induced by low rather than by high temperatures [23–30].

Our results contrast with those of other studies that have also evaluated the impact of temperature
on ambulance callouts, specifically in London [31], and in Luoyang (central China) [32], which found
a relationship between ambulance calls for heat and cold. However, the exposure-response curve was
clearly dependent on the dispatch category [31].

Not all studies use the same measure of temperature to evaluate effects on health. In our case,
we opted to study the effects of extreme daily temperature (Tmax and Tmin) due to the fact that this,
as compared to mean temperature, is a measure with which less exposure data are lost, given that
the mean temperatures are not capable of reflecting daily extremes [33]. Other studies [34,35] have
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evaluated the effect via the apparent temperature or variation in daily temperature, which are other
types of independent effects on temperature-related morbidity.

The observed MMT was estimated at 15.4 ◦C in Vigo and 16.5 ◦C in A Coruña for the minimum
and at 28 ◦C in Vigo and 28.3 ◦C in A Coruña for the maximum temperature. The small difference in the
MMT between the two cities can be accounted for by the difference in the location of the meteorological
stations. It may also be a reflection of the mild climate in both cities in terms of low temperatures.
Similar results were reported in Adelaide [36] and Brisbane [37].

Our study found a U- or J-shaped relationship between temperature and emergency calls due
to cardiovascular causes, similar to that observed in previous studies [34–38]. The effects are not
very pronounced for moderate temperatures, although they grow as they move towards the extremes
(Figure 1) [2,3].

In terms of lag structure, the appearance of the effect at low temperatures is found in lags of
3–6 days in Vigo and 4–11 days in A Coruña, and at high temperatures in lags of 1–2 days in Vigo.
These results are comparable to those of studies in which temperature and morbidity are correlated
with hospital admissions or emergency care episodes [8,9], where the effects due to high temperatures
are observed on the same day or the following day. These studies show that the effects due to low
temperatures tend to appear two days after exposure and are then seen to persist for 2 to 3 days.
In mortality studies, by contrast, the effects induced by low temperatures are observed over a longer
period [39].

The pathophysiological mechanism involved in the increase in cardiovascular events on
days with low temperatures is not clear. It would appear that in the case of susceptible
individuals, changes induced at the different levels described below could precipitate cardiovascular
decompensation [40]. At a cutaneous level, exposure to cold stimulates the thermo-receptors, producing
catecholamine secretion and vasoconstriction [41], and increases heart rate, blood pressure and oxygen
demand. At a renal level, diuresis is increased and, with plasma volumes depleted, blood viscosity
increases [40]. At a pulmonary level, mucociliary activity decreases, with the possibility of causing
bronchoconstriction, the release of biochemical mediators by lung cells, and a tendency to develop
infections. In terms of blood, there is an increase in acute phase reactants, platelet aggregability and
cholesterol values, all of which are cardiovascular risk factors [41].

A heat-related effect with a high Tmin was observed in the city of Vigo, which was close to
statistical significance, RR = 1.01 (95% CI, 0.99–1.02) at lag 1 (Figure 2B. This is an effect which has
not been seen in many studies and may be related to the higher sensitivity of the measure used.
Elevated night temperatures can precipitate cardiovascular decompensations in people with impaired
thermoregulation mechanisms and trigger disturbances in adequate night rest (circadian rhythm) [41].

Our study has several advantages; the first is the use of ambulance calls as an indicator of
cardiovascular morbidity. We believe that this is a more sensitive measure of morbidity since: (1)
it covers a larger population and is more easily accessible than emergencies in healthcare centres,
as no means of transport is required. This can be important in the case of older people who live
alone or people with low income; (2) some pathologies can be treated in situ (hypertensive crises,
mild heart failure symptoms, paroxysmal arrhythmias, dizziness in relation to hypotensive conditions,
among others) and, therefore, are not registered as hospital emergencies. The second advantage of our
study is that the estimation of the attributable fraction has allowed us to assess which temperature
ranges have a greater impact on public health, thereby making it possible to (1) design interventions
to mitigate exposure to these temperatures; and (2) adapt and optimise health services according
to temperatures.

As far as possible limitations of this study are concerned, the following should be noted. Firstly,
although well-established methods were used to control for trend and seasonality, it cannot be ruled out
that the results obtained may have been affected by confounding temporal patterns due to unknown
variables. Secondly, the diagnostic data used were those supplied by the Fully Integrated Emergency
Care Centre and, although such data may vary after hospital care, thereby possibly detracting from
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the accuracy of the study, they nonetheless have the advantage of greater sensitivity when it comes
to detecting less severe processes. Thirdly, the exposure assigned to the population was the exterior
temperature, a fixed exposure which is applied equally to both cities, without taking into account
intra-urban differences, individual acclimatisation, behavioural and socioeconomic factors or housing
characteristics, all of which could modify exposure [39]. Fourthly, the fact of having a single monitoring
station available in each city means that exposure data might not be sufficiently representative of the
whole population. Furthermore, the effects obtained may be underestimated as the stations chosen
might not include the influence of the urban heat island. That said, however, the location of the
meteorological station at Vigo airport, at an altitude of approximately 200 metres, means that the
population exposure data could be somewhat higher than the values obtained. While this might
change the minimum morbidity value slightly, it would not change the overall effects due to thermal
variations. Fifthly, possible confounding factors such as air pollution, which has been associated with
episodes of cardiovascular morbidity [41], were not taken into account. However, there are studies
which suggest that failure to adjust for environmental pollution does not alter results [42].

5. Conclusions

This is the first study conducted in North-West Spain to evaluate the effects of ambient temperature
on cardiovascular morbidity using calls to the medical emergency system. Evidence was found to
show that daily cardiovascular disease morbidity is associated with moderately low maximum and
minimum temperatures.

Further research will be necessary to study deeper emergency call subgroups and other
geographical areas as well as population subgroups. The results obtained should be included in
morbidity-related prevention plans or warning systems and in ambulance forecast models. They should
not only take into account extreme values but also moderately low or high temperatures, and, in addition,
should be implemented at both a regional and a local level. This could prove highly relevant in the
current context of population ageing and global warming.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1660-4601/17/23/
9001/s1.

Author Contributions: Conceptualization, S.G.R., D.R., A.F. and L.S.S.; methodology, D.R. and A.F.; formal
analysis, S.G.R. and D.R.; writing-original draft preparation S.G.R.; writing-review and editing, S.G.R., D.R., A.F.
All authors have read and agreed to the published version of the manuscript.

Funding: D.R. was supported by a postdoctoral research followship of the Xunta de Galicia (Spain).

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AN/AF Attributable number/fraction
RR Relative risk
Tmin Minimum temperature
Tmax Maximum temperature
MMT Minimum morbidity temperature
95% CI 95% confidence interval

References

1. Armstrong, B.G.; Chalabi, Z.; Fenn, B.; Hajat, S.; Kovats, S.; Milojevic, A.; Wilkinson, P. Association of
mortality with high temperatures in a temperate climate: England and Wales. J. Epidemiol. Community Health
2011, 65, 340–345. [CrossRef] [PubMed]

2. Baccini, M.; Biggeri, A.; Accetta, G.; Kosatsky, T.; Katsouyanni, K.; Analitis, A.; Anderson, H.R.; Bisanti, L.;
D’Ippoliti, D.; Danova, J.; et al. Heat effects on mortality in 15 European cities. Epidemiology 2008, 19, 711–719.
[CrossRef] [PubMed]

http://www.mdpi.com/1660-4601/17/23/9001/s1
http://www.mdpi.com/1660-4601/17/23/9001/s1
http://dx.doi.org/10.1136/jech.2009.093161
http://www.ncbi.nlm.nih.gov/pubmed/20439353
http://dx.doi.org/10.1097/EDE.0b013e318176bfcd
http://www.ncbi.nlm.nih.gov/pubmed/18552587


Int. J. Environ. Res. Public Health 2020, 17, 9001 9 of 10

3. Braga, A.L.; Zanobetti, A.; Schwartz, J. The effect of weather on respiratory and cardiovascular deaths in 12
U.S. cities. Environ. Health Perspect. 2002, 110, 859–863. [CrossRef] [PubMed]

4. Bhaskaran, K.; Hajat, S.; Haines, A.; Herrett, E.; Wilkinson, P.; Smeeth, L. Effects of ambient temperature on
the incidence of myocardial infarction. Heart 2009, 95, 1760–1769. [CrossRef]

5. Royé, D.; Zarrabeitia, M.T.; Riancho, J.; Santurtún, A. A time series analysis of the relationship between
apparent temperature, air pollutants and ischemic stroke in Madrid, Spain. Environ. Res. 2019, 173, 349–358.

6. Comelli, I.; Ferro, J.; Lippi, G.; Comelli, D.; Sartori, E.; Cervellin, G. Incidence of acute-onset atrial fibrillation
correlates with air temperature. Results of a nine-year survey. J. Epidemiol. Glob. Health 2014, 4, 151–157.
[CrossRef]

7. Błażejczyk, A.; Błażejczyk, K.; Baranowski, J.; Kuchcik, M. Heat stress mortality and desired adaptation
responses of healthcare system in Poland. Int. J. Biometeorol. 2018, 62, 307–318. [CrossRef]

8. Zhang, Y.; Yan, C.; Kan, H.; Cao, J.; Peng, L.; Xu, J.; Wang, W. Effect of ambient temperature on emergency
department visits in Shanghai, China: A time series study. Environ. Health 2014, 13, 100. [CrossRef]

9. Schwartz, J.; Samet, J.M.; Patz, J.A. Hospital admissions for heart disease: The effects of temperature and
humidity. Epidemiology 2004, 15, 755–761. [CrossRef]

10. Liu, Y.; Hoppe, B.O.; Convertino, M. Threshold Evaluation of Emergency Risk Communication for Health
Risks Related to Hazardous Ambient Temperature. Risk Anal. 2018, 38, 2208–2221. [CrossRef]

11. Iñiguez, C.; Royé, D.; Tobías, A. Contrasting patterns of temperature related mortality and hospitalisation by
cardiovascular and respiratory diseases in 52 Spanish cities. Environ. Res. 2020, 192, 110191.

12. Royé, D.; Figueiras, A.; Taracido, M. Short-term effects of heat and cold on respiratory drug use. A time-series
epidemiological study in A Coruña, Spain. Pharmacoepidemiol. Drug Saf. 2018, 27, 638–644.

13. Carracedo-Martinez, E.; Sanchez, C.; Taracido, M.; Saez, M.; Jato, V.; Figueiras, A. Effect of short-term
exposure to air pollution and pollen on medical emergency calls: A case-crossover study in Spain. Allergy
2008, 63, 347–353. [CrossRef] [PubMed]

14. Gasparrini, A.; Armstrong, B. Reducing and meta-analysing estimates from distributed lag non-linear models.
BMC Med. Res. Methodol. 2013, 13, 1. [CrossRef]

15. Gasparrini, A.; Armstrong, B.; Kenward, M.G. Multivariate meta-analysis for non-linear and other
multi-parameter associations. Stat. Med. 2012, 31, 3821–3839. [CrossRef]

16. Bhaskaran, K.; Gasparrini, A.; Hajat, S.; Smeeth, L.; Armstrong, B. Time series regression studies in
environmental epidemiology. Int. J. Epidemiol. 2013, 42, 1187–1195. [CrossRef]

17. Gasparrini, A.; Guo, Y.; Hashizume, M.; Lavigne, E.; Zanobetti, A.; Schwartz, J.; Tobias, A.; Tong, S.; Rocklöv, J.;
Forsberg, B.; et al. Mortality risk attributable to high and low ambient temperature: A multicountry
observational study. Lancet 2015, 386, 369–375. [CrossRef]

18. Tobías, A.; Armstrong, B.; Gasparrini, A. Brief Report: Investigating Uncertainty in the Minimum Mortality
Temperature: Methods and Application to 52 Spanish Cities. Epidemiology 2017, 28, 72–76. [CrossRef]

19. Gasparrini, A.; Leone, M. Attributable risk from distributed lag models. BMC Med. Res. Methodol. 2014,
14, 55. [CrossRef]

20. Core Team, R. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2019; Available online: https://www.R-project.org/ (accessed on 3 March 2020).

21. Onozuka, D.; Hagihara, A. All-Cause and Cause-Specific Risk of Emergency Transport Attributable to
Temperature: A Nationwide Study. Medicine 2016, 94, e2259. [CrossRef]

22. Hensel, M.; Stuhr, M.; Geppert, D.; Kersten, J.F.; Lorenz, J.; Kerner, T. Relationship between ambient
temperature and frequency and severity of cardiovascular emergencies: A prospective observational study
based on out-of-hospital care data. Int. J. Cardiol. 2017, 228, 553–557. [CrossRef] [PubMed]

23. McGuinn, L.; Hajat, S.; Wilkinson, P.; Armstrong, B.; Anderson, H.R.; Monk, V.; Harrison, R. Ambient
temperature and activation of implantable cardioverter defibrillators. Int. J. Biometeorol. 2013, 57, 655–662.
[CrossRef] [PubMed]

24. Vencloviene, J.; Babarskiene, R.M.; Dobozinskas, P.; Dedele, A.; Lopatiene, K.; Ragaisyte, N. The short-term
associations of weather and air pollution with emergency ambulance calls for paroxysmal atrial fibrillation.
Environ. Sci. Pollut. Res. Int. 2017, 24, 15031–15043. [CrossRef] [PubMed]

25. Vencloviene, J.; Babarskiene, R.; Dobozinskas, P.; Siurkaite, V. Effects of weather conditions on emergency
ambulance calls for acute coronary syndromes. Int. J. Biometeorol. 2015, 59, 1083–1093. [CrossRef] [PubMed]

http://dx.doi.org/10.1289/ehp.02110859
http://www.ncbi.nlm.nih.gov/pubmed/12204818
http://dx.doi.org/10.1136/hrt.2009.175000
http://dx.doi.org/10.1016/j.jegh.2013.12.003
http://dx.doi.org/10.1007/s00484-017-1423-0
http://dx.doi.org/10.1186/1476-069X-13-100
http://dx.doi.org/10.1097/01.ede.0000134875.15919.0f
http://dx.doi.org/10.1111/risa.12998
http://dx.doi.org/10.1111/j.1398-9995.2007.01574.x
http://www.ncbi.nlm.nih.gov/pubmed/18053007
http://dx.doi.org/10.1186/1471-2288-13-1
http://dx.doi.org/10.1002/sim.5471
http://dx.doi.org/10.1093/ije/dyt092
http://dx.doi.org/10.1016/S0140-6736(14)62114-0
http://dx.doi.org/10.1097/EDE.0000000000000567
http://dx.doi.org/10.1186/1471-2288-14-55
https://www.R-project.org/
http://dx.doi.org/10.1097/MD.0000000000002259
http://dx.doi.org/10.1016/j.ijcard.2016.11.155
http://www.ncbi.nlm.nih.gov/pubmed/27875733
http://dx.doi.org/10.1007/s00484-012-0591-1
http://www.ncbi.nlm.nih.gov/pubmed/22990411
http://dx.doi.org/10.1007/s11356-017-9138-7
http://www.ncbi.nlm.nih.gov/pubmed/28493187
http://dx.doi.org/10.1007/s00484-014-0921-6
http://www.ncbi.nlm.nih.gov/pubmed/25344902


Int. J. Environ. Res. Public Health 2020, 17, 9001 10 of 10

26. García-Lledó, A.; Rodríguez-Martín, S.; Tobías, A.; Alonso-Martín, J.; Ansede-Cascudo, J.C.; De Abajo, F.J.
Heat waves, ambient temperature, and risk of myocardial infarction: An ecological study in the Community
of Madrid. Rev. Esp. Cardiol. 2020, 73, 300–306. [CrossRef]

27. Fernández-García, J.M.; Díaz, O.D.; Hidalgo, J.J.T.; Fernández, J.R.; Sánchez-Santos, L. Influencia del clima
en el infarto de miocardio en Galicia. Med. Clin. 2015, 145, 97–101. [CrossRef] [PubMed]

28. Morabito, M.; Crisci, A.; Vallorani, R.; Modesti, P.A.; Gensini, G.F.; Orlandini, S.; Morabito, M. Innovative
approaches helpful to enhance knowledge on weather-related stroke events over a wide geographical area
and a large population. Stroke 2011, 42, 593–600. [CrossRef] [PubMed]

29. Milo-Cotter, O.; Setter, I.; Uriel, N.; Kaluski, E.; Vered, Z.; Golik, A.; Cotter, G. The daily incidence of acute
heart failure is correlated with low minimal night temperature: Cold immersion pulmonary edema revisited?
J. Card. Fail. 2006, 12, 114–119. [CrossRef]

30. Stewart, S.; McIntyre, K.; Capewell, S.; McMurray, J.J. Heart failure in a cold climate. Seasonal variation in
heart failure-related morbidity and mortality. J. Am. Coll. Cardiol. 2002, 39, 760–766. [CrossRef]

31. Sangkharat, K.; Mahmood, M.A.; Thornes, J.E.; Fisher, P.A.; Pope, F.D. Impact of extreme temperatures on
ambulance dispatches in London, UK. Environ. Res. 2020, 182, 109100. [CrossRef]

32. Cui, Y.; Ai, S.; Liu, Y.; Qian, Z.; Wang, C.; Sun, J.; Sun, X.; Zhang, S.; Syberg, K.M.; Howard, S.; et al. Hourly
associations between ambient temperature and emergency ambulance calls in one central Chinese city:
Call for an immediate emergency plan. Sci. Total Environ. 2020, 711, 135046. [CrossRef] [PubMed]

33. Barnett, A.G.; Tong, S.; Clements, A.C. What measure of temperature is the best predictor of mortality?
Environ. Res. 2010, 110, 604–611. [CrossRef] [PubMed]

34. Alessandrini, E.; Sajani, S.Z.; Scotto, F.; Miglio, R.; Marchesi, S.; Lauriola, P. Emergency ambulance
dispatches and apparent temperature: A time series analysis in Emilia-Romagna, Italy. Environ. Res. 2011,
111, 1192–1200. [CrossRef] [PubMed]

35. Qiu, H.; Yu, I.T.; Tse, L.A.; Tian, L.; Wang, X.; Wong, T.W. Is greater temperature change within a day
associated with increased emergency hospital admissions for heart failure? Circ. Heart Fail. 2013, 6, 930–935.
[CrossRef]

36. Williams, S.; Nitschke, M.; Sullivan, T.; Tucker, G.R.; Weinstein, P.; Pisaniello, D.L.; Parton, K.A.; Bi, P. Heat
and health in Adelaide, South Australia: Assessment of heat thresholds and temperature relationships.
Sci. Total Environ. 2012, 414, 126–133. [CrossRef] [PubMed]

37. Turner, L.R.; Connell, D.; Tong, S. Exposure to hot and cold temperatures and ambulance attendances in
Brisbane, Australia: A time-series study. BMJ Open 2012, 2, e001074. [CrossRef]

38. Ma, W.; Chen, R.; Kan, H. Temperature-related mortality in 17 large Chinese cities: How heat and cold affect
mortality in China. Environ. Res. 2014, 134, 127–133. [CrossRef]

39. Kysely, J.; Pokorna, L.; Kyncl, J.; Kriz, B. Excess cardiovascular mortality associated with cold spells in the
Czech Republic. BMC Public Health 2009, 9, 19. [CrossRef]

40. Claeys, M.J.; Rajagopalan, S.; Nawrot, T.S.; Brook, R.D. Climate and environmental triggers of acute
myocardial infarction. Eur. Heart J. 2017, 38, 955–960. [CrossRef]

41. Bhatnagar, A. Environmental determinants of cardiovascular disease. Circ. Res. 2017, 121, 162–180.
[CrossRef]

42. Xie, W.; Li, G.; Zhao, D.; Xie, X.; WAei, Z.; Wang, W.; Wang, M.; Li, G.; Liu, W.; Sun, J.; et al. Relationship
between fine particulate air pollution and ischaemic heart disease morbidity and mortality. Heart 2015,
101, 257–263. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.recesp.2019.05.009
http://dx.doi.org/10.1016/j.medcli.2014.04.020
http://www.ncbi.nlm.nih.gov/pubmed/25073825
http://dx.doi.org/10.1161/STROKEAHA.110.602037
http://www.ncbi.nlm.nih.gov/pubmed/21273573
http://dx.doi.org/10.1016/j.cardfail.2005.09.006
http://dx.doi.org/10.1016/S0735-1097(02)01685-6
http://dx.doi.org/10.1016/j.envres.2019.109100
http://dx.doi.org/10.1016/j.scitotenv.2019.135046
http://www.ncbi.nlm.nih.gov/pubmed/31812379
http://dx.doi.org/10.1016/j.envres.2010.05.006
http://www.ncbi.nlm.nih.gov/pubmed/20519131
http://dx.doi.org/10.1016/j.envres.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/21816396
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.113.000360
http://dx.doi.org/10.1016/j.scitotenv.2011.11.038
http://www.ncbi.nlm.nih.gov/pubmed/22169392
http://dx.doi.org/10.1136/bmjopen-2012-001074
http://dx.doi.org/10.1016/j.envres.2014.07.007
http://dx.doi.org/10.1186/1471-2458-9-19
http://dx.doi.org/10.1093/eurheartj/ehw151
http://dx.doi.org/10.1161/CIRCRESAHA.117.306458
http://dx.doi.org/10.1136/heartjnl-2014-306165
http://www.ncbi.nlm.nih.gov/pubmed/25341536
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Settings 
	Healthcare Data 
	Temperature Data 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

