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Background and Objectives 

During 2022, there was excess mortality worldwide, in many cases only surpassed by the excess in 2020, because of the COVID-19 pandemic. According to data from the daily mortality monitoring system
(MoMo) of the Carlos III Health Institute[1], in 2022 excess mortality in Spain was the third highest since the MoMo began to be elaborated. This excess mortality has been attributed not only to the effects of the
COVID-19 pandemic but also to those of extreme heat episodes, which are exceptional in the summer of 2022. However, only 22.92% in Spain and 16.22% in Catalonia have been directly attributed to extreme
heat. The problem with the estimates of excesses and their attributions to extreme heat is that they are based on models that could present biases and limitations.

We first intended to estimate the excess mortality attributed to extreme temperatures in Catalonia in the summer of 2022, using much smaller units of analysis and temperature predictions obtained from a
spatio-temporal Bayesian model. Second, we assessed the risk of dying from these extreme temperatures and their interactions with socioeconomic inequalities.

We used a longitudinal ecological design, from 2015 to 2022 with information on daily mortality and temperature (maximum and mininimun) and relative humidity, as well as information on the average net
income per person, all at the level of 288 health areas (ABS) managed by the public health service, distributed throughout the 4 provinces of Catalonia, Spain. We used a sample that covers 6.3 million
people, 81.6% of the population of Catalonia and 77% of the ABS into which Catalonia is divided.

Extreme of maximum temperature: Indicator that the maximum temperature exceeds the trigger temperature on a given day.
Heat wave: Indicator that maximum temperature extremes occur 3 or more days in a row at least 10% of the weather stations.

Methods

Results

- We estimate that, during the summer months of 2022, the excess mortality attributed to extreme heat was
49.41% (15.37% in MoMo). This excess was 4 times greater than that attributed to extreme heat in the
summers from 2015 to 2019.

- Not only heat waves but also temperature extremes increased the risk of dying (in both cases risk around
14%).
- The effect of the heat wave on mortality occurred earlier (3 days) than at the temperature extreme (7 days).
- The risk of dying in subjects aged 65 years or older was almost double that of other subjects.
- The risk of dying on a day with extreme maximum temperature or a heat wave practically doubled:

• If it was a day with high relative humidity.
• If the minimum temperature was also extreme (heat wave only)
• In those ABS located in the second income quartile.

- The risk of dying on a day with extreme maximum temperature or a heat wave tripled in those ABS located in
the first quartile
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Inferences were made following a Bayesian perspective, using the INLA approach[6,7]. We used priors that penalize complexity (called PC priors). These priors are robust in the sense that they do not have
an impact on the results, and, in addition, they have an epidemiological interpretation[8].

Objective 2

We estimated the following generalized linear mixed model (GLMM):

Where 𝜃𝑖𝑡
′ was the conditional risk of a death (all ages and 65 years and older) in the ABS i on

day t, during the months June to September; Extreme heat denoted an indicator of maximum
temperature extreme (with lag k=7) or heat wave (with lag k=3); QIncome was an indicator of
the quartile of average net income per person in which the ABS i was located; maximum
temperature was considered in ABS i on day t (up to 5 lags); 𝜂𝑖 was an unstructured random
effect; 𝜏𝑡 and 𝜏𝑡𝑠 structured random effects capturing trend and annual seasonality; S()
structured random effects controlling spatial dependence; and Population denoted the
population of the ABS i.

We allowed interactions between extreme heat and: i) extremes of minimum temperature; ii)
high relative humidity (fourth quartile); and iii) income quartiles. Also, the interactions between
extreme heat, extremes of minimum temperature/high relative humidity and income quartiles.

Objective 1

Second order interactions

 

 June July August September 

2015-2019 

    
2022 

    
 

Coefficient of variation of maximum temperature 

June-September 2015-2022 
 

Between-area Within-area 

Provinces 0.1086 0.1238 

ABS 0.3856 0.1836 

 

  Observed Excess deaths attributed to extreme heat 

 Number of deaths No COVID COVID-19 MoMo model Our model 

 2022     
   June 4366 358 688 1854 

   July 5190 873 708 2779 
   August 4532 230 813 2241 
   September 4447 96 641 2284 

 Jun-Sep 18535 1557 2850 9158 

      
 Medians     

 2015-2019     
   June 3235  334 577 

   July 3214  359 652 
   August 3375  263 651 
   September 3417  298 681 

 Jun-Sep 13241  1254 2561 
 2020-2021     

   June 3615 144 28 181 
   July 3841 224 43 274 
   August 4389 657 43 302 

   September 4004 309 17 303 
 Jun-Sep 16248 267 131 1060 
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