
  

  

Article 

Analysis of the Association Between Meteorological 

Variables and Mortality in the Elderly Applied to 

Different Climatic Characteristics of the State of São 

Paulo, Brazil 

Franciele Silva de Barros 1, *, Fábio Luiz Teixeira Gonçalves 1, João Paulo Assis Gobo 2 and Júlio 

Barboza Chiquetto ³ 

1 Departament of Atmospheric Sciences, Institute of Astronomy, Geophysics and Atmospheric Sciences, 

University of São Paulo (USP), São Paulo, Brazil; fabio.goncaves@iag.usp.br 
2 Department of Geography, Federal University of Rondônia (UNIR), Porto Velho, Brazil; joao.gobo@unir.br  
3 Institute of Advanced Studies, University of Sao Paulo (USP), São Paulo, Brazil; julio22@gmail.com *

 Correspondence: franciele_barros_@hotmail.com 

 

Received: date; Accepted: date; Published: date 

Abstract: With the rising trends in elderly populations around the world, there is a growing 

interest in understanding how climate sensitivity is related to their thermal perception. Therefore, 

we analyzed the associations between mortality in the elderly due to cardiovascular (CVD) and 

respiratory diseases (RD) and meteorological variables, for three cities in the State of São Paulo, 

Brazil: Campos do Jordão, Ribeirão Preto and Santos, from 1996 to 2017. We applied the 

Autoregressive Model Integrated with Moving Average (ARIMA) and the Principal Component 

Analysis (PCA) in order to evaluate statistical associations. Results showed CVD as a major cause of 

mortality, particularly in the cold period, when a high mortality rate is also observed due to RD. The 

mortality rate was higher in Campos do Jordão and lower in Santos (and intermediate values in 

Ribeirão Preto). Campos do Jordão results indicate an increased probability of mortality from CVD 

and RD due to lower temperatures. In Ribeirão Preto, the lower relative humidity may be related to 

the increase in CVD and RD deaths. This study emphasizes that, even among subtropical climates, 

there are significant differences. Therefore, this can assist decision makers in the implementation of 

mitigating and adaptive measures. 
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1. Introduction 

Climate sensitivity to human health is a widely discussed topic nowadays, mostly due to 

climate change. Thermal satisfaction with the environment is related to several factors, such as 

individual, economic, and environmental characteristics. 

Extreme or sudden climatic variations may impact the body thermoregulation system, 

contributing to illness and death [1–3]. In this context, the vulnerability of the elderly requires more 

attention, as they have reduced capacity for thermoregulation and decreased thermal perception due 

to body aging, caused by the degeneration of tissues and organs, on top of possibly pre-existing 

conditions [4, 5]. Thus, the processes of maintaining body temperature are less efficient, increasing 

the susceptibility to CVD and RD [6–8]. 
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The extensive literature on the associations between climate and mortality in the elderly are 

particularly focused on high mortality rates due to CVD and RD in colder climate cities [9–14]. 

However, thermal stress caused by high temperatures is also associated with elderly mortality 

[15–18]. 

The most commonly used variables when evaluating thermal comfort are air temperature, 

humidity, and wind. In cold and dry environments, dehydration and dryness of mucous membranes 

are more likely to occur, as well as the contamination by infectious agents through air. This is mainly 

because in cold conditions, people are more likely to gather in closed environments, contributing to 

the transmission and development of respiratory problems [19–21]. However, the thermoregulation 

process caused by cold (vasoconstriction) leads to the narrowing of blood vessels, in which the 

presence of clots and / or fatty plaques can block blood flow to the heart and cause serious problems 

[22–24]. 

On the other hand, hot and humid environments favor the proliferation of bacteria, fungi, and 

mites [25], in addition to increased thermal stress, due to slower sweat evaporation. This makes it 

difficult for the dissipation of heat and so, the cooling of the body, which might lead to 

cardiovascular and respiratory disorders [26, 27]. 

Another important variable, not as much addressed in most studies on this topic, is wind speed, 

which is associated with the individual's thermal sensation, promoting relief or thermal overload of 

the thermoregulation mechanisms [20, 28–30].  

Gonçalves et al. [31] investigated CVD deaths in the population over 65 years old in São Paulo 

(SP), from 1996 to 2000, and indicated that the increased risk of CVD mortality was due to the greater 

thermal stress caused by cold conditions. A study carried out for the city of São Carlos, in the period 

from 1997 to 2006, revealed that there was a negative correlation between CVD mortality in the 

elderly and the minimum humidity, that is, deaths were associated with low humidity [32]. 

According to Bell et al. [15], a study comparing large Latin American cities (Mexico City, Santiago de 

Chile and São Paulo) reported that the risks of death in the elderly are associated with high 

temperatures, but the strongest effect was observed in São Paulo, as it was the hottest city in the 

study. 

In this context, there is a constant and worldwide increase in population age. In Brazil, this 

phenomenon can be explained by the increase in life expectancy of Brazilians due to improved 

health conditions and the decrease in birth rates [33]. Given the importance of this topic and the lack 

of studies for some cities in the State of São Paulo, which although it is classified with a subtropical 

climate, and the cities of study are relatively close to each other, their characteristics are quite 

different due to slightly different environmental factors. 

Therefore, this research aims to analyze their differences and their impacts. Additionally, this 

study also aims to verify the impacts of meteorological variables on mortality in elderly people due 

to CVD and RD, in order to guide decision makers to adopt preventive measures focusing on 

adaptation to extreme cold and heat events, promoting better quality of life for the elderly, 

particularly in the context of more extreme conditions brought about by climate change in the future. 

 

2. Materials and Methods  

The effects of climate on health were investigated for three cities in the State of São Paulo: 

Campos do Jordão (22 ° 45 'S 45 ° 36' W, altitude 1642 m), Ribeirão Preto (21 ° 11 'S 47 ° 50' W, altitude 

518 m) and Santos (23 ° 55 'S 46 ° 17'W, altitude 9 m) (Figure 1). 
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Figure 1 - Map of Brazil with the location of the State of São Paulo and the cities studied. 

The period studied was from 1996 to 2017, except in Ribeirão Preto, in which the data 

correspond to the period from 2000 to 2017. Only the elderly population was considered (60 years or 

more). Information on the populations of the cities and the average number of elderly people is 

shown in Table 1. 

            2.1. Mortality Data 

Daily mortality data was obtained for deaths from diseases of the circulatory and respiratory 

system, according to the International Classification of Diseases (ICD-10) corresponding to I00-I99 

and J00-J99, respectively. Data was obtained at the Brazilian Department of Informatics of the 

Unified Health System (DATASUS). Table 1 shows that the largest elderly population was present in 

Santos, with an average number of 73551 elderly (17% of the total population), followed by Ribeirão 

Preto with 66611 (9.6%) and Campos do Jordão with 3775 (7.3%). Due to the differences in the 

average number of elderly people among cities, during the study period, the number of deaths was 

lower in Campos do Jordão (1609 CVD and 529 RD), but the percentage of deaths by the average 

number of elderly people indicated a higher proportion in this city, with 42.6% of deaths (CVD) and 

14% of deaths (RD), followed by Santos (30.3% CVD and 12.8% RD), and Ribeirão Preto with 29.4% 

of deaths (CVD) and 10.7% of deaths (RD). 

 

Table 1 - Population and elderly mortality data for CVD and RD, in the period from 1996 to 2017. 

¹ 2018 population estimates data from the Brazilian Institute of Geography and Statistics (IBGE)[34]. 

 

2.2. Meteorological Data 

Meteorological data of air temperature (T), relative humidity (RH), wind speed (W) and 

precipitation (PREC) were obtained from meteorological stations of the National Institute of 

 

Cities Population ¹ 

Average 

number of 

elderly (%) 

Nº of elderly 

deaths due to 

CVD (%) 

Nº of elderly 

deaths due to 

RD (%) 

Campos do Jordão 51.763 3.775 (7.3) 1.609 (42.6) 529 (14) 

Ribeirão Preto 694.534 66.611 (9.6) 19.581 (29.4) 7.095 (10.7) 

Santos 432.957 73.551 (17) 22.284 (30.3) 9.410 (12.8) 
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Meteorology - INMET (Campos do Jordão), Integrated Center for Agrometeorological Information - 

CIIAGRO (Ribeirão Preto) and the Air Space Control Institute - ICEA (Santos).  

2.2.1. Climate Characterization 

The State of São Paulo is characterized by a subtropical climate influenced by extratropical and 

tropical synoptic systems, with hot and humid summers, and cool and dry winters [35]. However, 

there is a distinction in climatic characteristics according to the Köppen-Geiger classification (1928) 

apud Rolim et al. [36], due to geographical position, relief, altitude and air masses. In view of this, 

Figure 2 shows the geographical differences among the study areas, responsible for the distinct 

behavior of meteorological variables (see Table 2). We observed that altitude is one of the main 

factors that characterize the climate of these areas, since Campos do Jordão is at a higher altitude 

with a colder climate, Ribeirão Preto is located in the interior of the state with intermediate altitude 

and dry climate, while Santos it is a coastal city with low altitude and humid and hot climate. 

 

Figure 2 - Topography of the State of São Paulo. 

Alvares et al. [37] and Dubreuil et al. [38] conducted studies for Brazil based on the 

Köppen-Geiger climatic classification. The variability of climatic characteristics of the cities in the 

study period is shown in Table 2. The climate of Campos do Jordão is classified as oceanic or 

maritime temperate (Cfb)¹, which presents milder temperatures with the minimum (-2.2 °C) and 

maximum (28.8 °C) absolutes, in addition to observing minimum RH of 30.7% and average PREC of 

1164.6 mm. yr−1. Ribeirão Preto climate, on the other hand, is classified as semi-humid tropical 

(Aw)¹, characterized by a drier climate with a minimum RH of 14.5%, temperatures ranging between 

1.1 °C (minimum) and 39. 4 °C (maximum), maximum W of 19 m. s−1 and average PREC of 1133.5 

mm. yr−1. Finally, the climate in Santos is rainy tropical (Af)¹, revealing that it is hotter than the other 

cities in the study with maximum (41 °C) and minimum (5.4 °C) temperatures, on the other hand, the 

minimum RH is 26.5 % and average PREC 1037.3 mm. yr−1. 
 

¹ Center of Meteorological and Climate Research Applied to Agriculture. Climate of the cities of São Paulo [39]. 
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Table 2 - Descriptive statistics of meteorological variables with mean, absolute minimum, and 

maximum values and standard deviation for the cities studied. 

Variables Descriptive statistics Campos do Jordão Ribeirão Preto Santos 

T (°C) 

Mean 17.2 23.2 23.7 

Minimum -2.2 1.1 5.4 

Maximum 28.8 39.4 41.0 

Standard Deviation 3.4 3.1 3.5 

RH (%) 

Mean 79.5 66.3 77.7 

Minimum 30.5 14.5 26.5 

Maximum 100 100 100 

Standard Deviation 11.1 13.0 9.4 

W (𝐦. 𝐬−𝟏) 

Mean 1.2 3.79 2.3 

Minimum 0 0 0 

Maximum 8.6 19.0 10.5 

Standard Deviation 1.0 3.0 1.0 

PREC 

(𝐦𝐦. 𝐲𝐫−𝟏) 

Mean 1164.61 1133.5 1037.3 

Minimum 735.4 716.7 624.0 

Maximum 1941.0 1566.6 1518.8 

Standard Deviation 494.4 255.6 322.8 

 

       2.3. Calculation of the Mortality Rate (MR) 

To compare the intensity of mortality among cities, we calculated the crude mortality rate - A.10 

suggested by the Indicators and Basic Data [40], as there are differences between the number of 

inhabitants in the cities studied (Table 1). The calculation was performed separately for circulatory 

and respiratory system mortality, considering only the elderly, obtaining annual and monthly rates. 

The calculation is given by equation (1): 

 

                                MR =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑖𝑛 𝑒𝑙𝑑𝑒𝑟𝑙𝑦 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠

𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡 𝑒𝑙𝑑𝑒𝑟𝑙𝑦 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
∗ 1000                                      (1) 

    2.4. Statistical methods 

The statistical analyses applied in this work aim to adjust the data to obtain a better 

understanding of the observations and to investigate the impact of climate on elderly mortality. In 

this stage, evaluations were carried out for the entire period and separately for the cold (April, May, 

June, July, August, September) and warm periods (October, November, December, January, 

February, March). 

In order to smooth the time series data, the 1970 Box and Jenkins methodology was applied, 

which aims to adjust the ARIMA model to a set of data to provide a better understanding [41]. Based 

on the Autoregressive Moving Average model (ARMA), the ARIMA model incorporates an 

integrated term (I), in which it differentiates the time series to make it stationary. The non-seasonal 

ARIMA model is called (p, d, q), where p is the order of the autoregressive component, d is the series 

differentiation number and q is the order of the moving average component. 

The purpose of using Principal Component Analysis was to verify the association between 

meteorological variables and mortality from CVD and RD in the elderly. This statistical technique is 

used to reduce the dimension of data with little loss of information, allowing identifying patterns in 

the data and expressing them through the clustering of objects [42, 43]. The VARIMAX rotation was 

used to capture the maximum variance, to improve the interpretation, minimizing the number of 

variables with high loads in each factor [44, 45]. Analyzes were performed considering lags of 0 to 5 

days. Despite the very small variation in the values of the principal components between the days, 
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we chose to use lag 3, because the commonality values (the proportion of the variance of a variable 

explained by all common factors) were slightly higher. 

The statistics covered in this study were performed using RStudio Software, using a 

significance level of 0.05 for all methods. 

3. Results 

3.1. Descriptive analyzes 

We analyzed the climatic characteristics of the study period through the behavior of the 

annual cycle with data obtained from the meteorological stations 

Figure 3a shows the monthly average temperature of the cities studied. Campos do Jordão 

shows average temperatures between 10 °C and 16 °C, with lower values from May to July. A 

maximum average temperature of 20 °C (January) is observed in Ribeirão Preto, and a minimum 

average of 12 °C (July) [37]. The greatest variations in average temperature occur in Santos (15 to 25 

°C), with high temperatures until April [46, 47]. 

The monthly average of relative humidity in Campos do Jordão indicates a minimum of 

70% (August) and a maximum of 85% (March). The lowest values of relative humidity are present in 

Ribeirão Preto, with fluctuations from 60% (August) to 75% (January), with June to August the driest 

months. However, the relative humidity in Santos was mostly constant throughout the cycle, 

approximately 80%, due to the proximity to the ocean (Figure 3b). 

As seen in Figure 3c, Campos do Jordão shows the lowest wind speeds and fluctuations 

throughout the annual cycle. However, the highest wind speed values were observed in Ribeirão 

Preto with 3 m. s−1 (May) and 4.5 m. s−1 (September). The wind speed was weaker in Santos than 

in Ribeirão Preto (2 to 2.5  m. s−1). 

As mentioned above, the rainfall regime in the State of São Paulo consists of a rainy 

(summer) and a dry (winter) period [35, 48]. In Figure 3d, the monthly average precipitation in 

Campos do Jordão is highest in December (200 mm). From April to August, there is minimal 

precipitation (50 mm). The highest rainfall in Ribeirão Preto is in January (250 mm) and the lowest 

values are present from June to August [37, 49]. Santos shows the best rainfall distribution 

throughout the annual cycle, with a maximum in January (150 mm) and a minimum in August (50 

mm)[46, 47]. 

 

  

(a) (b) 
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Figure 3 - Annual cycle with the monthly averages of (a) average temperature, (b) relative humidity, (c) 

wind speed, and (d) precipitation, for the cities studied. 

 

The calculated values of mortality rates are shown in Figure 4. The highest annual mortality 

rate for CVD was Campos do Jordão (from 12 to 32%), followed by Ribeirão Preto (from 11 to 18%) 

and then Santos (13 to 16%). Ribeirão Preto and Santos displayed similar patterns, possibly because 

the number of elderly people in these cities is similar (Table 1). Thus, the annual mortality rates due 

to RD also show similar values in Campos do Jordão (2 to 10%) and Ribeirão Preto (2 to 7%), while 

Santos presented the lowest rate, around 5% (Figure 4a). 

As per Figure 4b-d, the highest mortality rates due to CVD and RD for the cities studied 

occurred in the cold period. The rate was higher in Campos do Jordão (approximately 3% CVD and 

1.5% RD), while Santos presented the lowest rate (approximately 1% CVD and 0.5% RD).The warm 

period also showed a higher mortality rate for Campos do Jordão (approximately 2% CVD and 1% 

RD) and a minimum for RD in Santos. 

 

  

  

Figure 4 - (a) Annual mortality rates due to CVD and RD, for all cities studied, and monthly mortality rate 

due to CVD and RD in (b) Campos do Jordão, (c) Ribeirão Preto and (d) Santos, in the cold and warm periods. 

 

3.2. Statistical analysis 

The Principal Component Analysis results are presented in tables 3 to 8 show commonality (h²) 

and the three factors found through the VARIMAX rotation. The method was applied considering 

(c) (d) 

(a) (b) 

(c) (d) 
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the meteorological variables (average temperature, relative humidity, and wind speed) and the 

number of deaths from CVD and RD for the entire study period using lag 3. We divided the analysis 

between cold and warm periods. 

The three factors in Campos do Jordão amounted for 70% of the explained variance. The first 

component explained 27% of the variance of mortality from RD with a weak negative association 

(0.31) with temperature (-0.74) and a weak positive association with wind speed (0.83). Factor 2 

showed that 22% of the total variance was explained by the strong association with mortality from 

CVD (0.90), and by the weak association with deaths from RD (0.46) under the negative influence of 

temperature (-0.23). In factor 3, we found that mortality from RD (0.25) was negatively associated 

with temperature (-0.22) and wind speed (-0.23), and positively associated with relative humidity 

(0.93), explaining 21% of the variance. 

 

Table 3 - PCA of mortality and meteorological variables for Campos do Jordão for the entire period with lag 3. 

Campos do Jordão CVD RD T RH W Eigenvalue Var Expl. (%) 

Factor 1 -0.06 0.31* -0.74 -0.03 0.83 1.33 27 

Factor 2 0.90 0.46* -0.23* -0.04 0.11 1.08 22 

Factor 3 -0.15 0.25* -0.22* 0.93 -0.23* 1.06 21 

h² 0.83 0.36 0.65 0.87 0.75 Total 70 

Statistically significant correlations in bold and weak associations with (*). 

 

The variance in the cold period was explained by 72% by the three factors. A percentage of 23% 

of the variance was explained by the second factor, from the weak negative association between 

CVD mortality (-0.25) with temperature (-0.36) and wind speed (-0.23), and positive association with 

relative humidity (0.89), besides the strong positive relationship with deaths from RD. 

The explained variance of the warm period was 73%. The first factor explained 28% of the 

variance, with a weak negative association between mortality from RD (0.31) with temperature 

(-0.70), but positively with wind speed (0.88). 

 

Table 4 - PCA of mortality and meteorological variables for Campos do Jordão for the cold and warm periods. 

Period Campos do Jordão CVD RD T RH W Eigenvalue Var Expl. (%) 

Cold 

Factor 1 0.04 0.06 -0.77 0.01 0.87 1.35 27 

Factor 2 -0.25* 0.31* -0.36* 0.89 -0.23* 1.14 23 

Factor 3 0.79 0.66* -0.13 -0.01 0.01 1.08 22 

h² 0.7 0.53 0.74 0.8 0.81 Total 72 

Warm 

Factor 1 -0.16 0.31* -0.7 -0.05 0.88 1.4 28 

Factor 2 0.1 -0.09 -0.54* 0.94 -0.13 1.21 24 

Factor 3 0.86 0.54* 0.04 0.03 0.08 1.04 21 

h² 0.77 0.4 0.79 0.88 0.8 Total 73 

Statistically significant correlations in bold and weak associations with (*).  
For Ribeirão Preto, the three factors explained 79% of the variance, with 31% from the first 

factor, in which CVD mortality (0.83) showed a strong negative association with relative humidity 

(-0.87). Nevertheless, we also found that mortality from RD (0.34) had a weak negative association 

with relative humidity. The explained variance of factor 2 (26%) indicated a strong negative 

association of mortality from RD (-0.64) with temperature (0.92). The third factor explained 22% of 

the variance, confirming the existence of a weak negative association of mortality from RD (-0.29) 

with wind speed (0.96). 

 

 

Table 5 - PCA of mortality and meteorological variables for Ribeirão Preto for the entire period with lag 3. 
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Ribeirão Preto CVD RD T RH W Eigenvalue Var Expl. (%) 

Factor 1 0.83 0.34* 0.09 -0.87 0.09 1.57 31 

Factor 2 -0.18 -0.64* 0.92 -0.07 0.06 1.28 26 

Factor 3 -0.1 -0.29* -0.07 -0.23* 0.96 1.08 22 

h² 0.73 0.6 0.85 0.81 0.94 Total 79 

Statistically significant correlations in bold and weak associations with (*). 

 

In the cold period, the three factors explained 81% of the variance. The first factor explained 

33% of the variance, with a strong negative association between mortality from CVD (0.85) and RD 

(0.64) with relative humidity (-0.70). The explained variance of factor 2 (25%) showed a weak 

negative association of mortality from RD (-0.40) with relative humidity (-0.48) and positive with 

wind speed (0.94). Factor 3 explained 23% of the variance through the weak negative association 

between mortality from RD (-0.26) and relative humidity (-0.35) and positive association with 

temperature (0.97). 

The sum of the explained variance of the three factors found in the warm period represented 

75% of total variance. Factor 1 explained 33% of the variance through mortality from CVD (0.74) 

associated negatively, and strongly, with relative humidity (-0.91), and positively, with temperature 

(0.35) and wind speed (0.38). 

 

Table 6 - PCA of mortality and meteorological variables for Ribeirão Preto for the cold and warm periods. 

Period Ribeirão Preto CVD RD T RH W Eigenvalue Var Expl. (%) 

  Cold 

Factor 1 0.85 0.64* -0.05 -0.70 -0.01 1.63 33 

Factor 2 0.02 -0.40* 0.01 -0.48* 0.94 1.27 25 

Factor 3 -0.04 -0.26* 0.97 -0.35* -0.02 1.14 23 

h² 0.88 0.73 0.64 0.95 0.84 Total 81 

Warm 

Factor 1 0.74 -0.02 0.35* -0.91 0.38* 1.64 33 

Factor 2 0.11 -0.02 -0.79 0.15 0.68* 1.12 22 

Factor 3 -0.02 0.99 0.14 -0.01 0.11 1.01 20 

h² 0.57 0.98 0.76 0.84 0.62 Total 75 

Statistically significant correlations in bold and weak associations with (*). 
 

According to Santos' analyzes, the three factors explained 77% of the variance. The second factor 

explained 22% of the variance, due to mortality from RD (0.96), which showed a weak negative 

association with wind speed. (-0.39). Factor 3 showed the weak negative relationship between CVD 

mortality (0.96) and wind speed (-0.31) and explained 22% of the variance.  

Table 7 - PCA of mortality and meteorological variables for Santos for the entire period with lag 3. 

Santos CVD RD T RH W Eigenvalue Var Expl. (%) 

Factor 1 -0.05 -0.01 0.81 -0.82 0.56* 1.65 33 

Factor 2 0.08 0.96 -0.11 -0.12 -0.39* 1.10 22 

Factor 3 0.96 0.07 -0.19 -0.17 -0.31* 1.09 22 

h² 0.94 0.92 0.71 0.72 0.57 Total 77 

Statistically significant correlations in bold and weak associations with (*). 

 

A percentage of 73% of the variance in the cold period for was explained by the three factors in 

Santos. The second factor explained 23% of the variance, in which mortality from RD (0.90) showed a 

negative association with wind speed (-0.54), followed by factor 3, which accounted for CVD 
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mortality (0.97) being associated negatively with temperature (-0.33), which explained 21% of the 

variance. 

The variance of the warm period was explained by 76%, of which the second factor represented 

23%, in which mortality from RD (-0.55) was positively associated with wind speed (0.89). The third 

factor explained 21% of the variance, where mortality by CVD (0.94) and RD (0.43) are associated. 

 

Table 8 - PCA of mortality and meteorological variables for Santos for the cold and warm periods. 

Period Santos CVD RD T RH W Eigenvalue Var Expl. (%) 

Cold 

Factor 1 -0.08 0.06  0.72 -0.88  0.42* 1.47 29 

Factor 2 0.11 0.90 -0.16 -0.01 -0.54* 1.14 23 

Factor 3 0.97 0.10 -0.33* -0.08 -0.06 1.06 21 

h² 0.95 0.83  0.65  0.78 0.47 Total 73 

Warm 

Factor 1 -0.03 0.15  0.89 -0.87 0.17 1.60 32 

Factor 2 -0.07 -0.55* -0.06 -0.15 0.89 1.13 23 

Factor 3  0.94  0.43* -0.06 -0.08 0.01 1.07 21 

h²  0.89 0.50  0.79  0.79 0.83 Total 76 

Statistically significant correlations in bold and weak associations with (*). 

4. Discussion 

The investigations carried out in this study address the importance of understanding how 

different climatic characteristics present in each city affect the mortality of the elderly. Results 

showed the predominance of cardiovascular diseases in the mortality rate for all studied cities [32], 

due to the fact that this type of disease can be influenced by several factors, including behavior 

(tobacco, alcohol, obesity, sedentary lifestyle and others) [50]. 

The highest mortality rates due to CVD and RD for the study period were observed in Campos 

do Jordão, 12 to 32% and 2 to 5%, respectively. It is considered one of the coldest cities in Brazil [51], 

and so, thermal stress to cold may have contributed to the occurrence of deaths [13, 52]. The 

statistical associations found for Campos do Jordão revealed a possible role of low temperature in 

mortality, but deaths from RD can also be influenced by high relative humidity and wind speeds 

that impair human thermal comfort [10, 53, 54]. 

Ribeirão Preto is the second city with the highest mortality rate. Low relative humidity values 

are observed throughout the year, characterizing a dry climate. The statistical associations indicated 

that this climate may influence deaths, as dry air can cause mucous membranes to become 

excessively dry and more prone to infectious agents and dehydration, causing serious health 

consequences [6, 32]. Also, we observed a decrease in deaths from RD due to higher temperatures 

and the high wind speeds, which may decrease thermal stress to cold. 

On the other hand, Santos showed a mortality rate slightly lower than Ribeirão Preto (~ 15% 

CVD and ~ 5% RD, ~ 16% CVD and ~ 6% RD, respectively). This may be a consequence of the 

decrease in thermal sensation in coastal cities, where the presence of the ocean softens the climate, 

favoring thermal comfort [47, 55], in addition to being less cold (see Figure 2a). Besides, the lower 

percentage of deaths from RD may be associated with high relative humidity in the city, being 

consistent with studies that show the greater impact of low relative humidity on RD [19, 56]. 

According to the principal component analysis, the lower wind speed values may be associated with 

CVD and respiratory deaths in Santos. This relationship can be explained by the city's climatic 

characteristics (hot and humid), where higher wind speed values would help relieving the thermal 

stress [29]. 

The analysis of the mortality rates is very important to alert the populations, particularly the 

most vulnerable groups, about the highest incidence of mortality in the warm and cold periods, 
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enabling increased prevention. The cold period showed a higher mortality rate for the cities studied. 

Thus, the statistical analyzes carried out in the cold period for Campos do Jordão revealed the 

influence of low temperature, high levels of relative humidity and calm winds in the increase of 

deaths due to RD. A cold and humid environment can favor the spreading of infectious agents [25], 

contributing to the development of RD. Also, the warm period demonstrated that the effects of low 

temperature can be enhanced by strong winds, increasing discomfort to the cold. However, deaths 

due to CVD did not obtain statistical significance in any of the periods in this city. 

In the cold period, the relative humidity reaches minimum values that can contribute to the 

increase in mortality in Ribeirão Preto. We emphasize that this season is also favorable for the 

increase in the concentration of air pollutants, due to the decreased deposition and dispersion of 

suspended particles, increasing the intake of particulate matter [57], which could exert a greater 

impact on the number of deaths. However, the warm period is associated to increased mortality 

from CVD through low humidity, high values of wind speed and high temperature [58]. 

As analyzed, the increase in mortality due to RD in Santos in the cold period may be related to 

weaker wind speeds maybe due to the increase of the air pollution, which it is outside of this study 

focus. However, lower temperatures may be related to the increase in deaths from CVD [9, 14, 20, 

59]. Furthermore, mortality from RD may decrease as a consequence of strong winds in the warm 

period, because it leads to better thermal comfort. 

Authors should discuss the results and how they can be interpreted in perspective of previous 

studies and of the working hypotheses. The findings and their implications should be discussed in 

the broadest context possible. Future research directions may also be highlighted. 

5. Conclusions 

In this study, we compared CVD and RD mortality rates in cities with different subtropical 

climatic characteristics in the State of São Paulo (Brazil), in addition to the joint use of the ARIMA 

and PCA models, which provided satisfactory results. 

We identified different behaviors of meteorological variables and mortality for each city. Santos 

is the city with the highest number and percentage of elderly people and presented the lowest 

mortality rate, possibly due to the softened climate due to the proximity to the ocean. However, 

because it is the hottest city in the study, the effect of lower wind speed can predominate in the 

increase in deaths. However, the intermediate rates of elderly and mortality for Ribeirão Preto 

indicate that the population is not exposed to such low temperatures and the effects of the dry 

climate can result in deaths. Meanwhile, Campos do Jordão has the smallest elderly population, and 

the highest mortality rate, so this can be related to the population's economic vulnerability, and, 

particularly, to the cold climate due to the higher altitude. 

The overall result emphasizes that even slight climatic differences among subtropical cities may 

cause CVD and RD mortality impacts  ́changes. 

This work shows the relevance in evaluating the climatic impact on the mortality of elderly 

considering regions with different subtropical climates, aiming to inform society and guide decision 

makers in the implementation of mitigating and adaptive measures, aiming to provide a better 

quality of life for the elderly population. 
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