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¿Cuál es la máxima temperatura soportable por el ser humano?

La  combinación de 
Temperatura (seca) y 
Humedad relativa del aire, 
que se expresa como la   
temperatura del bulbo 
húmedo (o temperatura 
húmeda del aire)

https://www.economist.com/the-economist-explains/2022/05/13/the-increasing-frequency-of-fatal-wet-bulb-temperatures

https://www.timesnownews.com/health/heatstroke-death-india-health-ministry-confirms-over-50-deaths-ways
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¨ https://www.nbcnews.com/news/weather/death-toll-tops-60-arctic-blast-us-leaves-dangerous-icy-conditions-rcna134870
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Ola de Calor Chicago:  22 junio a 10 agosto 1995

¨Kaiser, R., A. Le Tertre, et al. (2007). "The effect of the 1995 heat wave in Chicago on all-cause and cause-specific mortality." Am J Public Health 97 
Suppl 1: S158-62.
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Ola de Calor en Francia,  Agosto 2003
Mortalidad en exceso con respecto a promedio 1999-2002 en 13 ciudades

¨ Vandentorren, S., Suzan, F., Medina, S., Pascal, M., Maulpoix, A., Cohen, J. C., & Ledrans, M. (2004). Mortality in 13 French cities during the August 2003 heat 
wave. American Journal of Public Health, 94(9), 1518–1520. https://doi.org/10.2105/AJPH.94.9.1518

American Journal of Public Health | September 2004, Vol 94, No. 91518 | Research and Practice | Peer Reviewed | Vandentorren et al.

 RESEARCH AND PRACTICE 

0

50

100

150

200

250

300

350

6/
25

6/
27

6/
29 7/
1

7/
3

7/
5

7/
7

7/
9

7/
11

7/
13

7/
15

7/
17

7/
19

7/
21

7/
23

7/
25

7/
27

7/
29

7/
31 8/
2

8/
4

8/
6

8/
8

8/
10

8/
12

8/
14

8/
16

8/
18

8/
20

8/
22

8/
24

8/
26

8/
28

8/
30 9/
1

9/
3

9/
5

9/
7

9/
9

9/
11

9/
13

9/
15

N
um

be
r o

f D
ea

th
s

0

5

10

15

20

25

30

35

M
ea

n 
Te

m
pe

ra
tu

re
, °

C

Number of deaths 1999-2002 Number of deaths 2003 Mean temperature 1999-2002 Mean temperature 2003

Summer Days in 2-Day Increments

FIGURE 1—Comparison of daily mortality rate and mean temperature in Paris, France, for
the years 2003 and 1999 through 2002.
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Mortality in 13 French
Cities During the August
2003 Heat Wave
| Stéphanie Vandentorren, MD, Florence Suzan,

MD, Sylvia Medina, MD, PhD, Mathilde Pascal,
MSc, Adeline Maulpoix, MSc, Jean-Claude
Cohen, MSc, and Martine Ledrans, MSc

We observed the daily trend in
mortality rates during the 2003 heat
wave in 13 of France’s largest cities.
Mortality data were collected from
July 25 to September 15 each year
from 1999 through 2003. The con-
junction of a maximum temperature
of 35°C and a minimum temperature
of 20°C was exceptional in 7 cities. An
excess mortality rate was observed
in the 13 towns, with disparities from
+4% (Lille) to +142% (Paris). (Am J
Public Health. 2004;94:1518–1520)

Heat waves are known to be associated with
an increase in mortality.1–3 In the United States,
an average of 400 deaths directly related to
heat are recorded annually.4 In France, the
number of heat-related deaths had been poorly
evaluated until 2003, when an unusual heat
wave occurred. The Institut de Veille Sanitaire,5

a French government public health agency, set
up an observational study during the 2003

heat-wave period (August 1–19), which fo-
cused on the daily trend in mortality in 13 of
France’s largest cities (Bordeaux, Dijon, Greno-
ble, Le Mans, Lille, Lyon, Marseille, Nice, Paris,
Poitiers, Rennes, Strasbourg, and Toulouse).

METHODS

To compare epidemic curves, daily mortal-
ity rates were collected in 2 ways: via death
certificates of all deaths, except fetal deaths
(because of changes in their official defini-
tion since 20016) and transcriptions (deaths
of people living in other towns), from (1) the
Birth and Death Registry Office and (2) the
University Hospitals and the Hospital of Le
Mans. Meteorologic data were obtained from
the National Weather Service. The study was
conducted from July 25 to September 15 of
each year from 1999 to 2003 in the Birth
and Death Registry Office and during the
same seasonal period from 2002 to 2003 in
the hospitals. Excess mortality rates were
calculated as follows: (number of 2003
deaths − mean of 1999–2002 deaths)/
mean of 1999–2002 deaths. For the hospi-
tal data, the reference year was 2002.

RESULTS

The 2003 heat wave broke all records in
France for more than 50 years, exceeding the
temperatures observed in previous heat
waves (1976, 1983, and 1994). The conjunc-
tion of a maximum temperature of 35°C and
a minimum temperature of 20°C was excep-
tional in Bordeaux, Dijon, Le Mans, Lyon,
Marseille, Paris, and Toulouse in terms of du-
ration (9–15 consecutive days).

In the 13 cities, all the August 2003 mean
daily deaths were higher than for August
1999–2002. In Paris (Figure 1), Bordeaux,
Dijon, Le Mans, Lyon, and Poitiers, the number
of daily deaths increased from August 6 to 8,
2003; reached their highest values on August
9 to 13, 2003; and returned to their usual
range on August 15 and 16, 2003. A lag of 1
to 3 days between the start of the heat wave
and the increase in the number of deaths was
observed. The subsequent decrease in temper-
ature and in the number of deaths was con-
comitant. An excess mortality rate during this
period was always found—the minimum in
Lille (+4%) and the maximum in Paris
(+142%) (Table 1).
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TABLE 1—Excess Mortality in 13 French
Cities and in Hospitals Between August
1 and August 19, 2003, Compared With
the Same Period in 1999–2002 for
the City Deaths and in 2002 for the
In-Hospital Deathsa

2003  2003   
No. Excess No. of Excess

City of City Mortality, In-Hospital Mortality,
Deaths % Deaths %

Bordeaux 318 43 228 53

Dijon 168 93 117 121

Grenoble 148 28 108 24

Le Mans 204 82 171 116

Lille 200 4 103 18

Lyon 447 80 300 95

Marseille 571 25 163 23

Nice 341 53 193 65

Paris 1854 142 1665 138

Poitiers 184 79 151 72

Rennes 156 36 95 38

Strasbourg 253 51 157 33

Toulouse 315 36 140 49

aCity deaths do not include all the in-hospital deaths.
Only patients who died in the university hospitals
located in the city (not in the suburbs) were included
in the 2 sources.

The increase of in-hospital deaths began
between August 5 and 7, 2003, in most hos-
pitals. An excess in-hospital mortality rate
during the heat wave was noted in the 13
hospitals and was particularly marked in
Dijon, Le Mans, Paris, and Lyon (Table 1).

DISCUSSION

Our study described the trend in daily
mortality rates during the 2003 heat wave
(August 1–19) in 13 French cities. We
worked on all causes of mortality because
heat-related deaths raised the issue of defin-
ing criteria and lack of accuracy in death cer-
tification. The patterns of the 2003 epidemic
curves (Birth and Death Registry Office and
hospitals) were similar in each city. Prolonged
exposure to hot temperatures and duration of
the heat wave were probably the triggering
factors for mortality. The 2003 mortality pat-
tern was similar to the one observed during
the 1976 heat wave but not to those seen in
1983 and 1994. An excess mortality rate

during the heat wave period was always
found, even when a longer period of study
(July 25 to September 15) was considered.

The excess mortality rates were particularly
marked in Dijon, Paris, Le Mans, and Lyon.
These cities are located in the central and
eastern regions where the 2003 mean tem-
peratures were especially high compared with
the preceding years. Marseille, Nice, and
Toulouse, located in the southern part of
France, had fewer problems from the heat
wave compared with towns that had similar
temperatures in August 2003 but were not
accustomed to very hot summers. These ini-
tial observations are currently being supple-
mented by analytic studies conducted by the
Institut de Veille Sanitaire focusing on meteor-
ology, pollution, and heat-related risk factors.
Size of the city, the urban heat-island effect,
socioeconomic characteristics, and cultural
habits may be factors affecting mortality.2,3,7,8

Air conditioning is not systematically used in
France, even in retirement homes or hospitals.

The 2003 heat wave had a major effect:
the overall excess mortality rate in France be-
tween August 1 and August 20 was esti-
mated at 14800 deaths.9 Despite the aging of
the population, the risk of mortality is de-
creasing, and, overall, the number of expected
2003 deaths should have been similar to the
number of 2002 deaths in France.10 Previous
North American experiences have shown that
preventive measures are efficient in reducing
heat-related mortality.11–13 Future French pre-
vention programs will take into account the
disparity of the heat wave effect and the spe-
cific characteristics identified in the studies fo-
cusing on the French heat wave.
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142% de muertes en exceso en 2003 
con respect a promedio 1999-202
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Aunque el ser humano habita en todos los climas, el cambio climático afecta su salud
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El cambio climático afecta a la salud por muchas vías

Fuente: Traducida de (IPCC, 2007)
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El riesgo depende de la temperatura base de la ciudad

Gasparrini, A., et al (2015). Mortality risk attributable to high and low ambient temperature: a multicountry
observational study. Lancet, 386, 369–375. 
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Efecto de la Temperatura ambiental en la  Mortalidad prematura en 3 ciudades de 
Latinoamérica (1998-2002)

La forma de la relación temperatura-mortalidad es diferente 
para cada ciudad, porque tienen diferente  clima

temperatura diaria temperatura diaria

temperatura diaria
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Evidencia de Efectos en Chile (y el mundo)

1. Mortalidad: Series de tiempo y Case Time Series a nivel de comuna
2. Hospitalizaciones: Series de tiempo 
3. Urgencias: Case Time Series a nivel de establecimiento
4. Visitas Médicas: Case Time Series a nivel de paciente
5. Productividad: Case Time Series de licencias medicas a nivel de comuna de 

residencia
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Objetivo
¨ Determinar la asociación de las visitas al médico (consultas médicas) con variables ambientales 

(contaminación atmosférica y temperatura ambiente) considerando las características de cada persona 
(paciente)

Datos
§ Registro de atenciones médicas del Sistema BUPA para pacientes que se atendieron por causa cardiovascular 

al menos 1 vez durante el periodo 2012-2022.
§ Para cada paciente se conoce: edad, sexo
§ Para cada visita se registra:  fecha, código de la causa, medicamentos recetados

Método:
¨ Series de tiempo por caso: relación estadística entre la fecha de la visita y las condiciones ambientales, 

considerando las características observables de cada paciente y también las no observables.
Ventajas
¨ Mayor precisión: cada paciente actúa como su propio control 
¨ La información de  cada paciente individual permite estudiar el efecto de condiciones individuales (que 

se pierde o no está disponible cuando se usan datos agregados como el número diario de efectos

El estudio
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Datos

¨ Datos para casi 1.7 millones visitas médicas de 78 mil pacientes entre 2012 y 2022, 
que consultaron por alguna causa cardiovascular en 2019.

¨ 221 mil visitas por causas cardiovasculares de 68 mil pacientes únicos

Año
Pacientes

únicos en el año Visitas
2012 22,254 79,772
2013 26,300 95,537
2014 29,531 109,090
2015 32,541 123,216
2016 37,012 146,144
2017 40,337 158,230
2018 47,646 202,340
2019 78,173 342,199
2020 45,052 155,645
2021 38,805 117,442
2022 42,425 165,537
Total 78,328 1,695,152

Año
Pacientes

únicos en el año Visitas
2012 3,818 7,293
2013 4,982 9,536
2014 5,805 11,030
2015 7,041 13,109
2016 7,957 14,806
2017 9,386 17,483
2018 13,597 25,892
2019 63,415 88,946
2020 11,697 18,205
2021 1 1
2022 9,049 15,325
Total 68,544 221,626
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Series de Tiempo de Casos individuales (case time series)
¨ Relacionan los factores ambientales con la ocurrencia del efecto en cada paciente en particular
¨ Permite considerar las características de cada paciente (sexo, edad, estado de salud, comorbilidades, peso, 

etc.) que influyen en su vulnerabilidad. 

Fuente: Gasparrini, A. (2021). The Case Time Series Design. Epidemiology, 32(6), 829–837.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Epidemiology • Volume 32, Number 6, November 2021 The Case Time Series Design
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The main advantage of fixed-e!ects models is that the 
e!ect of any unmeasured predictor that does not vary within 
each risk set is absorbed by the intercept ξi k( ), and therefore 
the related confounding e!ect is controlled for implicitly 
by design, as in other self-matched methods.8 In addition, 
the within-case design o!ers important computational 
advantages, especially from a big data perspective. First, 
the analysis is restricted to informative strata, that is, cases 
and risk sets with variation in both outcome and exposure. 
Second, the estimators are based on e"cient computational 
schemes, where the conditional or fixed-e!ect likelihood is 
defined by the sum of parts related to multiple risk sets, and 
the corresponding nuisance parameters ξi k( )  are not directly 
estimated.

Key Assumptions and Threats to Validity
As discussed earlier, the case time series framework has 

interesting design and modeling features that o!er important 
advantages. On the other hand, its self-controlled structure, 

while appealing, only operates within an elementary causal 
framework and requires relatively strict assumptions to protect 
against key threats to validity. Specifically, the main require-
ments are the following:

1. Distributional assumptions on the outcome. The outcome 
yit must represent conditionally independent observations 
originating from one of the standard family distributions, 
for instance, Poisson counts, Bernoulli binary indicators, 
or Gaussian continuous measures.

2. Outcome-independent follow-up period. The period of 
observation for each case i must be independent of a given 
outcome, meaning that the follow-up period cannot be 
defined or modified by the outcome itself.

3. Outcome-independent exposure distribution. The probabil-
ity of the exposure xt must be independent of the outcome 
history before t, meaning that the occurrence of a given 
outcome must not modify the exposure distribution in the 
following period.

FIGURE 1. Graphical representation of data configurations for the case time series design applied in the analysis of transient 
health risks of time-varying exposures. The figure represents three examples of data for three subjects (cases) followed for a period 
of time, with equally spaced measures of outcome and exposure that form case-level time series. This setting allows the definition 
of predictors and time axes as unique and sequential observations. The three examples illustrate different measures of outcome 
and exposure. The former is represented as counts (top), a binary indicator (middle), or a continuous measure (bottom). Similarly, 
exposure can be represented by a simple binary episode indicator (top), or continuous term (middle and bottom). Continuous 
variables are represented by shaded colors. The graphical representation demonstrates the potential of the case time series design 
to be applied in various research areas for modeling associations defined by different types of measurements.

tiempo

1ª v
isit

a

2ª v
isit

a

3ª v
isit

a

4ª v
isit
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El método considera el efecto de la temperatura en el mismo día y en días 
posteriores

Las temperaturas bajas 
producen un aumento de 
hasta 2,5 veces en la 
frecuencia de visitas médicas

• El efecto se manifiesta 
principalmente en los 3 
días posteriores 

Las temperaturas altas tienen 
un efecto neto negativo

Las visitas aumentan 3 días posteriores al 
evento, disminuyendo después.  
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Riesgo relativo de visitas médicas asociado a temperatura diaria
Todas las causas

La probabilidad de una visita 
aumenta 23% en días con 
temperatura máxima de 
35°C con respecto a 25°C 

23%
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Riesgo relativo de visitas médicas asociadas a temperatura diaria
Causas del sistema circulatorio

La probabilidad de una visita 
aumenta 52% en días con 
temperatura máxima de 
35°C con respecto a 25°C 

52%
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Riesgo relativo de visitas médicas asociadas a temperatura diaria
Causas del sistema circulatorio por Grupo Etario

Menores de 30 
años

Entre 30 y 64 
años

Mayores de 65 
años
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Riesgo relativo de visitas médicas asociadas a temperatura diaria
Causas del sistema circulatorio por Sexo

Mujeres

Hombres

32%

72%

Temperatura 1h máxima
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Riesgo relativo de visitas médicas asociadas a temperatura diaria
Causas del sistema circulatorio por Sistema de Salud

Privado (Isapre)

Público 
(Fonasa)

34%

85 %
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Mortalidad
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Atlas interactivo disponible en https://arclim.mma.gob.cl 
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Curvas Temperatura-Mortalidad para 6 regiones climáticas 
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Zona Climática Estación cálida Estación fría Total   Anual

D1. Norte 140  (-50 - 330) 0 (0 - 0) 140 (-50 - 330)

D2. Norte Cordillera 28 (-220 - 270) -8 (-30 - 14) 20 (-250 - 290)

D3. Centro 950 (420 - 1470) ** -240 (-320 - -160)** 700 (260 - 1150)**

D4. Centro Sur 230 (-30 - 470) * -130 (-320 - 50) 90 (-80 – 27-)

D5. Sur 90 (-7 - 190) *   -250 (-569 - 79) -150 (-580 - 270)

D6. Austral 2 (-7 - 12) -20 (-30 - -9) ** -17(-20 - -10)**

Total País 1430 (210 – 2 660) ** -650 (-1220 - -70)** 790 (-150 – 1 700)

Notas: 
Se usa definición Estricta de olas de calor: p.98 - 3+ días
Se presentan resultados de mediana e intervalo de confianza de 90%.
** Significancia estadística de 90%
*  Significancia estadística de 80%

Mortalidad prematura en exceso en 2050 con respecto a 1980-2010
(muertes esperadas: mediana e intervalo de confianza 95%)
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¨ En Conjunto con BUPA Chile

¨ Estimacion de la carga de la 
enfermedad: Mortalidad, visitas 
medicas por los cambios de 
temperatura

Proyecto de Carga de la Enfermedad debido a temperatura

Muertesaumentan
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Proyecto de Carga de la Enfermedad debido a temperatura

¨Resultados preliminaries – NO CITAR ni REPRODUCIR

Muertesaumentan
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Proyecto de Carga de la Enfermedad debido a temperatura

¨Resultados preliminaries – NO CITAR ni REPRODUCIR

Muertesaumentan
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Proyecto de Carga de la Enfermedad debido a temperatura

¨Resultados preliminaries – NO CITAR ni REPRODUCIR

Muertesaumentan
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¨ Atenciones Urgencias por causas cardiovasculares, 
temporada cálida (octubre-marzo)

¨ Un día con temperatura máxima de 35°C en Santiago, está 
asociado a un aumento de aproximadamente un 55% en la 
mortalidad.

¨ En comparación a un día con una máxima de 30°C.
¨ Pero esto a sube a 151% para 38°C.

¨ Estudio en desarrollo (Final marzo 2024), 
financiado por BUPA

¨ Datos atenciones urgencias DEIS para RM, 2011-
2020

¨ Se utiliza nuevo diseño de Case Time Series
¨ Se analiza a nivel de establecimiento de salud
¨ Temperaturas de una estimación grillada 

histórica (CR2Met)

Visitas de Urgencia: Resultados preliminares

1.
6
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Frecuencia de visitas médicas
Enfermedades del sistema circulatorio

Fuente: 

La probabilidad de una visita 
aumenta 52% en días con 
temperatura máxima de 
35°C con respecto a 25°C 

52%
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Licencias médicas: trastornos mentales y del comportamiento

• Durante el verano, un 
día con temperatura 
máxima de 35°C 
(código rojo) está 
asociado a un aumento 
de 13% en la solicitud 
de licencias médicas 
mentales, en 
comparación a un día 
de 32°C (sin código).

• Indicadores compuestos 
de estrés térmico (como 
WBGT) mostraron mejor 
predictibilidad.

Riesgo relativo de solicitud de licencias médica por trastornos mentales y del comportamiento 
asociado a temperatura máxima diaria con respecto a 32°C, para el verano.
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La evidencia actual, centrada en mortalidad prematura, es sólo la punta del 
iceberg

¨ Slide gentileza del Dr. Aurelio Tobias

TI
TA
NI
C
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¨https://www.youtube.com/watch?v=U1wGwHD9GNA

4
3
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¨https://www.cop28.com/en/news/2023/12/Health-Declaration-delivering-breakthrough-moment-for-health-in-climate-talks

Over 120 countries back COP28 UAE Climate and Health Declaration delivering breakthrough moment for health in climate talks
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Further Information:  
The COP28 UAE Climate and Health Declaration and full list of 
endorsing countries can be found here. 

The COP28 Guiding Principles for Financing Climate and Health 
Solutions and full list of endorsers can be found here.  
 

 

Historic Focus on Climate Health Impacts 
The ‘Putting Health at the Center of Climate Agenda’ session of the 
World Climate Action Summit on 2nd December, combined multiple 
transformative climate health announcements to drive down emissions 
and protect health globally. Announcements included the unveiling of the 
Climate and Health Declaration, climate health financing from partners, 
and transformative Guiding Principles for Financing Climate and Health 
Solutions established to protect health. 

The First Health Day at a COP 
Climate change is one of the greatest threats to human health in the 21st 
century. COP28 will be the first COP to host a Health Day and climate-
ministerial at a COP on December 3rd. At the first ever Health Day, 
participants will progress solutions to reduce carbon emissions, limiting 
air pollution, and preventing premature deaths. 
 

              

Putting Health at the Heart of the 
Climate Agenda            

Media Factsheet    
 

Endorsements from 
123 countries for 

COP28 UAE’s 
Climate and Health 

Declaration. 

41 endorsements 
from key partners of 

the Guiding 
Principles for 

Financing Climate 
and Health Solutions 

Funders announce 
over $1bn funding 

to address the 
climate health 

crisis.  

Global Action to Address Climate Health Impacts 
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CC Adaptacion: ventiladores además de estufas en el exterior


