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Abstract 

Background: SARS-CoV-2 is a new type of coronavirus that causes COVID-19. It is affecting the entire planet. Despite 
the widespread use of ecologic analysis in epidemiologic research and health planning, health scientists and 
practitioners have given little attention to the methodological aspects of this approach. The study of risk factors linked 
to the COVID-19 pandemic is one of the most current and exciting topics for epidemiologists. These risks in many cases 
are unknown. This research covers the study of risk factors in the case of COVID-19 and proposes the use of an ecologic 
method known to epidemiologists in the case of aggregated data. The present study aims to compute a model that allows 
to easily calculate the risk of infection in different types of populations, using aggregated data to approximate the 
individual risk of COVID-19 transmission by a person.  

Methods: The case of Catalonia, in Spain, is presented as an example, as it is one of the areas where the incidence of the 
virus among the population is being higher. The proposed method is known as an ecological study and is based on the 
statistical regression model between the incidence (or variable that represents it) and the risk factors but using 
aggregated data and obtaining a risk ratio (RR).  

Results: The results obtained have made it possible to find the risk of contracting COVID-19 concerning risk factors for 
high family income (RR=1.157491), more mobility (RR=1.065475), and high density of population (1.00002).  

Conclusions: This method could be used to design an app that predicts how the risk will evolve and calculate the risk 
of contagion in one area or another to take the proper action. The calculated RR can help us to understand how the 
variables become risks or protective factors at an ecological level (understanding aggregate data). 
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1. Introduction

SARS-CoV-2 is a new type of coronavirus (a broad family of viruses that normally affect only animals) that can affect 
people and causes COVID-19. It was detected for the first time in 2019/12 in the city of Wuhan (China). Coronaviruses 
produce clinical conditions ranging from the common cold to more serious diseases. For example, the coronavirus that 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2023.17.1.0047
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2023.17.1.0047&domain=pdf


World Journal of Advanced Research and Reviews, 2023, 17(01), 324–332 

325 

caused severe acute respiratory syndrome (SARS-CoV) a few years ago and the coronavirus that causes the Middle East 
respiratory syndrome (MERS-CoV) (1,2).  

The mathematical models in epidemiology are useful to compute incidence, prevalence and estimate the consequences 
in the population affected by COVID-19. These models use simple and multivariate linear regression, Bayesian statistics, 
deterministic and stochastic models. These types of predictions are difficult to manage, but are useful for individual 
cases, like for example, to know if outbreaks will appear in one place or another in the territory studied, or what is the 
consequence of applying one measure or another.  

That is why it is necessary to delve into other models that approximate the risk of individual contagion, not only knowing 
the prevalence and incidence of those affected, but also through knowing the associated risk factors, such as the mobility 
of the person, characteristics of the studied area (wealth, population density, etc.), and many others. The calculation of 
a probability of contagion is not easy and multiple attempts have been made to obtain and simplify it since multiple 
factors make one or another person contagious (incidence, prevalence, social contact of the person, associated 
pathologies, age, etc).  

The calculation of the risk of contagion of COVID-19 is proposed through aggregated data using an approach of the 
ecological study type, as proposed by Morgenstern (4), Beral et al (5) and Silcocks et al (6). Ecologic studies are empirical 
investigations involving the group as the unit of analysis. In ecological studies, disease rates and exposures are 
measured in each of a series of populations and their relation is examined and has been extensively studied by works 
such as Morgenstern in “Uses of Ecologic Analysis in Epidemiologic Research” (1982) (4). Frequently, the information 
about disease and exposure is abstracted from published statistics and therefore does not require expensive or time-
consuming data collection. 

In ecological studies, usually, the group is carefully chosen so that it belongs to a geographically defined area (e.g., city, 
region, country). This eases the data collection because statistics can be obtained by combining existing data files on 
large populations. Ecologic studies are generally less expensive and take less time than studies involving the individual 
as the unit of analysis. Ecologic studies allow establishing a relationship between variables or risk factors such as 
geographical comparisons, time trends, migrant population and social class with the disease or dependent variable of 
the study. On the other hand, data on many variables (e.g., clinical histories, analysis, questionnaires, etc.) may not be 
available at the ecologic level, and the results of ecologic analyses are subject to certain limitations not applicable to 
many other study designs (e.g., clinical trials, cohort studies, etc). One of the most known limitations is the ecological 
fallacy where conclusions are inappropriately inferred about individuals from aggregate data results. It is erroneously 
concluded that the statistical correlation between two variables is equal to the correlation between the corresponding 
variables at the individual level. (7,8). 

Objective 

The present study aims to compute a model that allows to easily calculate the risk of infection in Catalonia (Spain). It is 
intended to use a model of the incidence as a function of the mobility, density of population, etc. to determine the relative 
ecological risk of the population and of the person contracting COVID-19, using ecological epidemiology methods. 

2. Material and methods

2.1. Statistical data 

The data used to feed the model was obtained from different public sources such as: 

IDESCAT (Institute of Statistics of Catalonia): https://www.idescat.cat/pub/?id=aec&n=250&lang=es; 
https://www.idescat.cat/emex/?id=080193#h40000000, Generalitat of Catalonia (Catalonia Government): 
http://aquas.gencat.cat/ca/actualitat/ultimes-dades-coronavirus/mapa-per-abs/ , Municipal data from environmental 
pollution stations: https://analisi.transparenciacatalunya.cat/Medi-Ambient/Dades-d-immissi-dels-punts-de-
mesurament-de-la-Xar/uy6k-2s8r/data, etc.  

The data collection and the epidemiological models can be seen alongside the study code at https://github.com/nicolas-
ayala-aldana/Model-Risk. The aggregated data consists of 233 health areas in the rows (sanitary area) compiled in a 
spreadsheet by these different databases where the following variables are the columns 
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 Health_area: Part of the municipality where the incidence of COVID19 has been noted. It is related to a sanitary
area where a certain number of inhabitants is controlled.

 Municipality: Municipality or village of Catalonia, Spain.
 Positive_cases: Total positive cases.
 Suspected_cases: Total suspected cases.
 Raw_rate_10k: Raw rate per 10,000 inhabitants.
 Standard_rate_10k: Standardized crude rate per 10,000 inhabitants.
 Insured_people: Insured people in the area.
 Surface_km2: Area occupied by the health area in km2.
 Density: Population density by km2.
 NOX_reduction_january2020: Reduction of the percentage of NOx in January 2020 compared to the previous 3 

years.
 NOX_reduction_february2020: Reduction of the percentage of NOx in February 2020 compared to the previous 

3 years.
 NOX_reduction_march2020: Reduction of the percentage of NOx in March 2020 compared to the previous 3 

years.
 NOX_reduction_april2020: Reduction of the percentage of NOx in April 2020 compared to the previous 3 years.
 NOX_reduction_may2020: Reduction of the percentage of NOx in May 2020 compared to the previous 3 years.
 Income_euros: Family income (thousands of euros). Catalan acronym called “RFBD”
 Income_euros_inhab: Family income per inhabitant (thousands of euros). Catalan acronym called “RFBD per

inhabitant”.
 Income_index_100: Family income per inhabitant (index between 0-100%) referred to the whole of Catalonia.

At the time of composing this study, we used the data available until the middle of May 2020, at which point the daily 
case curve reached the inflection point and was no longer growing. In many cases, the complete information on the 
variables was not available, since the values were missing, or not all the municipalities had statistical data or 
environmental information. The pollution information (NOx Reduction) was used to estimate mobility indirectly, so we 
assumed that the more pollution reduction the less mobility since a smaller number of vehicles emit less NOx. Our main 
variable (Y) to predict is standard rate, which is the standardized crude COVID19 rate per 10,000 inhabitants in the 
different health areas. 

2.2. Relative risk (RR) estimation using aggregated data of current epidemiological ecological study 

As previously mentioned, it is very difficult to calculate the individual risk of COVID-19 infection in a heterogeneous 
population (e.g., countryside, city, high and low density of inhabitants, rich areas, poor areas, etc.) in a territory as 
extensive as Catalonia (32,108 km2). That is why an indirect system has been devised for its study from the ideas raised 
by the ecological studies used in the epidemiological field. One way to approximate this probability is by using the 
Relative Risk (RR).  

In mathematical terms, the RR is the ratio of the probability of an outcome in an exposed group to the probability of an 
outcome in an unexposed group (9) .It is computed as: 

𝑅𝑅 =  
𝑅𝑖𝑠𝑘 𝑖𝑛 𝑒𝑥𝑝𝑜𝑠𝑒𝑑

𝑅𝑖𝑠𝑘 𝑖𝑛 𝑛𝑜𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑

RR measures the association between exposure and the outcome. Relative risk can be estimated from a 2x2 contingency 
table in a clinical or epidemiological study (Table 1) 

Table 1 Calculation of relative risk in epidemiology 

Group 

Disease develops The disease does not develop 

Exposed a b 

Non-exposed c D 

Where 𝑎, 𝑏, 𝑐 and 𝑑 are frequencies of the different cells for group-event. The point estimate of the relative risk (RR) is: 
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𝑅𝑅 =  

𝑎
𝑎 + 𝑏

𝑐
𝑐 + 𝑑

 

Thus, different factors of interest that may be related to the risk of COVID-19 infection could be studied, such as mobility 
of people, population density, family income, etc. These factors are reasonably easy to know but unfortunately, the 
epidemiology of COVID-19 is complex and data for individual risk at habitant levels is not possible to obtain. As these 
are not available, we use the crude rate per 10,000 inhabitants, which would correspond to the independent variable of 
the model (Y). Finally, the variables that can be used as regressors (independent terms of the model, X) are aggregate 
and quantitative variables (e.g.: population density per city, family income per area, mobility per area).  

Different authors suggest that it is possible to use the RR (relative risk) or risk ratio as a tool calculated by the linear 
regression models [RR=1+(slope/intercept)] using ecological studies (4,5). This is an indirect and inexpensive method 
for estimating relative risk between disease in exposed people versus disease in non-exposed people. Even though 
problems of confusion factors could be inconvenient, it seems feasible in exploratory designs (6). 

The calculation of the relative ecological risk approximation as a method to approximate RR related to COVID-19 from 
the aggregated data is presented below, using the method proposed by Morgenstern (4) using a linear regression 
model, simple or multiple, to obtain an estimation of RR. The level of aggregation, in this case, is the municipality/
portion present in the Health System of the Generalitat de Catalonia (see data explanation). 

The linear regression model was used to estimate RR using the method proposed by Morgenstern (4) where the 
distribution of a single response variable (Y= standardized crude rate per 10,000 inhabitants) is related to several 
explanatory variables, X1, X2, . , by a regression model Monleon, 2017 (10): 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋𝑖1 + ⋯ + 𝛽𝑝𝑋𝑖𝑃
+ 𝜀𝑖

Where 𝛽0 is the intercept, 𝛽1, … , 𝛽𝑝  the model coefficients, and 𝜀𝑖 the error term, where 𝜀𝑖  ~𝑁(0, 𝜎) is the distribution of 

the errors, has mean zero and captures the residual variability.  

Independent variables used in the linear models (Xi) are: 

 Density of population: Inhabitants / km2

 Reduction % NOx for March 2020 vs 2017-2019
 Reduction % NOx for April 2020 vs 2017-2019
 Reduction % NOx for May 2020 vs 2017-2019
 Family income per inhabitant (thousands of euros)

First, a univariate regression model (see equation 2) with a single Xi was calculated. RR was computed using: 

𝑅𝑅 = 1 +
𝛽1

𝛽0

In a second step, a regression model with different Xi and their interactions Xi Xi’ was tested. In this case, the significance 
level used was 0.001. We proposed a highly demanding alpha because it is more difficult to accept interactions.  

3. Results

Figure 1 shows the number of daily cases of COVID-19 from February to July 2020. The peak of new cases observed was 
1895 on 20th March, then daily cases had a significant decrease until reaching 51 cases on 6th May. After that, the number 
of cases fluctuated until July 2020. The statistical package R (version 3.6) was used to perform the analyses using 
simple linear regression calculations between the incidence of COVID-19 as the dependent variable (Y) and the 
commented risk factors (Xi) as independent variables. Once the regression coefficients were obtained, the relative 
ecological risk for each factor was calculated and after that, a model with multiple significant factors for the individual 
model was presented (see Table 2 and Table 3).  
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Figure 1 Representation in time of the number of cases in Catalonia (north-east of Spain) from February to July 2020. 

Table 2 Estimations of 0  and 1  (regression coefficients in a simple linear model), RR: relative ecological risk
approximation, and R2 = coefficient of determination, also the p-values are presented 

Factor R2 𝛃𝟎 𝛃𝟏 RR 

Density (inhabitants /km2) 0.1025 

(p=2.182e-05) 

6.494e+01 

(p=<2e-16) 

1.318e-03 

(p=2.18e-05) 

1.00002 

(1.000021,1.000021,1.00002)* 

Mobility (Reduction of the 
percentage of NOx in March 
2020 compared to the 
previous 3 years) 

0.07924 

(p=0.0005279) 

20.669 

(p=0.223378) 

1.353 

(p=0.000528) 

1.065475 

(1.112431,0.9752694,0.8381082)* 

Mobility (Reduction of the 
percentage of NOx in April 
2020 compared to the 
previous 3 years) 

0.9987749 

(p=0.8204) 

86.9407 

(p=0.00283) 

-0.1065 

(p=0.82039) 

0.9987749 

(1.007246,1.003234,0.9992213)* 

Mobility (Reduction of the 
percentage of NOx in May 
2020 compared to the 
previous 3 years) 

0.09093 

(p=0.0002017) 

56.94779 

(p=< 2e-16) 

0.35091 

(p=0.000202) 

1.006162 

(1.006911,1.006368,1.005825)* 

Family income per 
inhabitant 

0.08054 

(p=3.755e-05) 

19.3861 

(p=0.13) 

3.0531 

 (p=3.76e-05) 

1.157491 

(1.180263,1.114656,1.04905)* 

*Estimation of RRE (ULCI95%, mean, LLCI95%) using resampling with 1000 iterations and n=200 samples with replacement.
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Table 3 Estimations of 0 , 1 ,…, p  (regression coefficients in a multiple linear model), RR: relative ecological risk 
approximation, and R2 = coefficient of determination, also the p-values are presented 

Regression 
model 
Coefficient, 
name 

𝛃𝟎 𝛃𝟏 𝛃𝟐 𝛃𝟑 𝛃𝟒 

Density 
(inhabitants/ 
km2) 

Mobility (Reduction 
of the percentage of 
NOX in May 2020 
compared to the 
previous 3 years) 

Family income 
per inhabitant 
(thousands of 
euros)  

Interaction 
between NOx 
reduction of May 
2020 and Family 
income per 
inhabitant 

Regression 
model 
Coefficient, 
value 

-1.147e+02 7.303e-04 3.955e+00 8.384e+00 -2.059e-01 

p-value 0.08506 0.07547 0.00318 0.02052 0.00204 

R2  0.2082 

p-value = 

6.45e-06 

Assuming the causal effect between the exposure (Xi) and the outcome (Y), values of RR can be interpreted as follows: 

 RR = 1 means that exposure does not affect the outcome.
 RR < 1 means that the risk of the outcome is decreased by exposure.
 RR > 1 means that the risk of the outcome is increased by exposure.

In Table 1 the estimations of 𝛽0 and 𝛽1 (regression coefficients in a simple linear model) used to compute RR are shown: 
relative ecological risk approximation. The compute of 𝛽1variables are: Density (𝛽1= 1.318e-03; p=2.18e-05), March 
2020 mobility (𝛽1= 1.353; p= 0.000528), April 2020 mobility ( 𝛽1= -0.1065; p= 0.000202), May 2020 Mobility (𝛽1= 
0.35091; p=3.76e-05) and Family Income (𝛽1= 3.0531; p=3.76e-05). They are significant to reject the null hypothesis of 
Ho: 𝛽1=0 (p<.001) and in consequence accepting the alternative hypothesis.  

When analysing the RR, we can state that people who live in high-density areas have 1.00002 times more risk of 
infection than people who live in low-density areas (RR=1.00002). Regarding mobility, the results obtained for each 
month were: March 2020 (RR=1.065475), April 2020 (RR=0.9987749) and May 2020 (RR=1.006162). Therefore, the 
reduction of mobility can be considered as a protective factor for COVID-19 risk infection. In April 2020, the risk of 
infection for people who live in areas with less mobility is 1.0012251 times lower than people who live in high-mobility 
areas. Finally, the RR obtained for family income per inhabitant is 1.157491, meaning that the higher the family income 
per inhabitant, the more risk of infection.  

Density, mobility, family income and interaction of multivariate analysis are presented in Table 3. Density and Family 
Income per inhabitant have a p-value >0.01 and therefore it cannot rule out that RR=0. Because the p-values are greater 
than 0.01, no relationship can be established between variables such as density (𝛽1 =  7.303e − 04 ;  p =  0.07547) and 
Family income (𝛽3 =  8.384e + 00;  p = 0.02052). Mobility (𝛽2 = 3.955e + 00 ;  p =  0.00318)  has p-value less than 
0.01 therefore a positive relationship can be established between the mobility and COVID-19 cases. Interaction between 
variables NOx reduction of May 2020 and family income per inhabitant is observed ( 𝛽4 = −2.059𝑒 − 01 ;  p =
0.00204) . Generally, it is suggested not to use multivariate models with joint factors for their use in epidemiology. 
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4. Discussions

In a study with 1031 suburban areas of 314 Latin American cities a 10% decrease in weekly mobility was associated 
with an 8.6% lower incidence of COVID-19 in the following week (12). In a study that used population mobility from 
Google services in 34 OECD countries plus Singapore and Taiwan, in two-thirds of the countries examined, reductions 
of up to 40% in mobility were associated with a decline of COVID-19 cases, especially at the beginning of the pandemic 
(13). In a study where 52 countries were analysed according to WHO and CDC databases, the reduction in mobility in 
73% of the countries was associated with a decrease in new cases of COVID-19 (14). It is striking in our study that in 
April there was an inverse relationship between the decrease in NOx and the cases of COVID-19. For March and May, 
the relationship was weak. The April measure was β1 = -0.1065; p = 0.82039, with an RR = 0.9987749. Reduced mobility 
should be even more conclusive, but it is interesting to calculate the relative risk directly from this simple method used 
in epidemiology. It can be explained by public policies such as the restriction of mobility. The lockdown in Spain began 
on March 14th and lasted until May. After that, the population was gradually allowed to carry out outdoor activities. On 
June 21, the Spanish government authorized the extension of the state of alarm, allowing the population to move freely 
from 6am until midnight. This situation was changing in the following months according to the prevalence and incidence 
by the autonomous community (11). 

According to population density, studies show a linear relationship between the number of cases, incidence and 
mortality of COVID-19 in areas with higher population density such as in the case of Italy (15), England (16), Malaysia 
(17), Germany and Japan (18). The areas with higher density could explain the difficulties in applying adequate physical 
distancing and problems in isolation. In our case, no relevant association was observed, and the computation of the 
relative risk would assume a higher density as a risk for the disease. 

Regarding family income as a social determinant in health, other studies have shown that groups with high 
socioeconomic vulnerability have a higher risk of having COVID-19 determinate by difficulty in carrying out physical 
distancing in their homes and difficulty in accessing health services (19–21). In Catalonia, a higher incidence of COVID-
19 has been founded in the poorest areas of the town of Barcelona (22). In our case, a weak positive relationship is 
observed compared to the effect of population density. It may be that the per capita family income is not an optimal 
measurement variable in a regression model, or the variable is representing a fallacy at this ecological level. 

Limitations 

Results of this study should be interpreted cautiously, bearing in mind limitations attributable to the ecological design 
of the study. The methodological problem fundamental in assuming individual associations based on group data 
(ecological fallacy) is well known (7,8). Some limitations of this study could be the absence of measurement of individual 
socioeconomic characteristics, pollutions levels and range of density by subareas. These variables were measured on 
an ecological level making it impossible to adequately control the confounding factors, effect modifiers and mediators 
at an individual level. To overcome the limitations and bias, it is recommended to compute a multilevel analysis 
considering an individual and contextual level. It is impossible to distinguish the individual and contextual effects of a 
variable using an ecological design.  

5. Conclusion

In conclusion, the proposed method is known as an ecological study and is based on the statistical regression model 
between the incidence (or variable that represents it) and the risk factors using aggregated data and obtaining a risk 
ratio (RR). The present study shows the risk factors linked to the COVID-19 in the population of Catalonia (Spain) in the 
first wave in 2020. Low density of population and reduction of mobility are related with lower risk of contagions of 
COVID-19. High family income outcomes were related as a risk factor. The ecologic study method could be an effective 
way to design an APP that predicts how the population is infected with COVID-19 according to risk factors and identify 
areas most susceptible to contagion. Its development could help in decision-making in public health. 
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