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APRESENTACAO

O objetivo do presente livro, “COVID-19: Consequéncias Econdmicas e Organizacao
Social” é analisar o pandémico fenémeno de difusdo multilateral da Doenga do Coronavirus
2019 (COVID-19) por meio de um esforgo coletivo desenvolvido a varias maos a luz de
uma absorvente abordagem multidisciplinar alicergada no dialogo entre diferentes campos
epistemoldgicos do conhecimento.

A justificativa para o desenvolvimento desta obra é oriunda dos problematicos
impactos multiescalares e multidimensionais transbordados pelo virus SARS-CoV-2
em uma curtissima temporalidade, razdo pela qual os vinte e sete pesquisadores e
pesquisadoras envolvidos buscaram adensar a massa critica de estudos multidisciplinares
sobre 0 emergente fendmeno da pandemia da COVID-19.

O perfil multitematico das discussbes apresentadas neste livro reflete um esforco
conjunto desenvolvido sincronicamente, durante o contexto de difusdo pandémica da
COVID-19 no mundo, por um conjunto de profissionais com distintas idades, géneros e
formagdes académicas e origens em instituicdes publicas e privadas de ensino superior do
Brasil, Mogambique e Portugal.

Organizada em oito capitulos, com distintas abordagens e contribui¢des relacionadas
a analise da complexa pandemia da COVID-19, esta obra foi construida a luz de um
paradigma eclético que valorizou a amalgamacéao de uma pluralidade teérico-conceitual e
metodolégica através de um conjunto diversificado de profissionais de distintas areas do
pensamento cientifico.

As pesquisas apresentadas neste livro foram estruturadas a partir de uma abordagem
exploratéria, descritiva e explicativa quanto aos fins e quali-quantitativa quanto aos meios,
por meio de uma combinagédo metodolégica dos procedimentos de revisao bibliogréafica e
revisdo integrativa no levantamento de dados com a anélise de dados por meio de estudos
de caso, hermenéutica e analise estatistica.

Fundamentada pelo estado da arte e pela pluralidade do pensamento cientifico,
este livro de coletanea é amplamente indicado para estimular a reflexao e o debate publico
e cientifico, ao combinar estudos te6ricos e empiricos que trazem uma rica contribuicéo
analitica com repercussdes prescritivas no policymaking diante da complexa realidade
pandémica no mundo.

A indicagdo deste livro é recomendada para um extenso nimero de leitores, uma
vez que foi escrito por meio de uma linguagem fluida e de uma abordagem didatica que
valoriza o poder de comunicacgéo e da transmisséo de informagdes e conhecimentos, tanto
para um publico leigo nédo afeito a tecnicismos, quanto para um publico especializado de
académicos interessados pela pandemia da COVID-19.

Excelente leitura!

El6i Martins Senhoras
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ABSTRACT: Da Cruz et al. (2014) proposed a
new Odd Log-Logistic-G distributions class to
create a new distribution family that could extend
any continuous distribution. Thus, it was thought
to use the Skew t-Student distribution as a base
function and create the Odd Log-Logistic Skew
t-Student distribution (OLLST). To verify the
OLLST distribution’s flexibility, an adjustment was
made in data referring to COVID-19 in the State

COVID-19: Consequéncias econémicas e organizacao social

STATE OF ACRE

of Acre. The new OLLST distribution was better
than the normal distribution by the AIC and SBC
comparison criteria.

KEYWORDS: COVID-19, GAMLSS, OLLST,
Regression, Semi-parametric regression.

UMA VISAO GERAL DA APLICAGAO DA
DISTRIBUICAO OLLST NOS DADOS
COVID-19 DO ESTADO DO ACRE

RESUMO: Da Cruz et al. (2014) propuseram uma
nova classe de distribuicbes Odd Log-Logistica-G
para criar uma nova familia de distribuicdo que
pudesse estender qualquer distribuicdo continua.
Portanto, pensou-se em usar a distribuicdo Skew
t-Student como funcéo base e criar a distribuicao
Odd Log- Logistica Skew t-Student (OLLST). Para
verificar a flexibilidade da distribuicdo OLLST,
foi feito um ajuste nos dados referentes ao
COVID-19 no Estado do Acre. A nova distribuicao
OLLST foi melhor do que a distribuicdo normal
pelos critérios de comparacéo AIC e SBC.

PALAVRAS-CHAVE: COVID-19, GAMLSS,
OLLST, Regresséo, Regressao Semi-
paramétrica.

11 INTRODUCTION

Stasinopoulos et al. (2007), considering
the growing complexity of modeling the real
world over the vyears, developed a semi-
parametric regression model framework called
Generalized Additive Models for Location, Scale
and Shape (GAMLSS).

The GAMLSS allows the adjustment

of a wide family of continuous and discrete
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distributions for the response variable and allows the explicit modeling, using parametric
or semi-parametric functions, of all parameters of the response variable’s distribution to
the explanatory variables. The RS algorithm by Stasinopoulos et al. (2007) was used to
estimate the models.

In this framework, the distribution of the response variable does not need to belong
to the exponential family, and different additive terms can be included in the predictor of
each parameter of the distribution, such as splines, random effects, and others; therefore,
giving extra flexibility to the models (STASINOPOULOS et al., 2007).

This paper aimed to create a new probability distribution called Odd Log- Logistic
Skew t-Student (OLLST) that has the Skew-t distribution as a submodel and to implement it
in the GAMLSS framework. The objectives are as follows:

Create the distribution OLLST;

Implement the new OLLST continuous probability distribution in GAMLSS fra-
mework;

Compare the performance of OLLST distribution with the normal submodel
using the comparison criteria and choose the best model.

2| ODD LOG-LOGISTIC SKEW T-STUDENT
Alzaatreh et al. (2013) proposed a family of D - X distributions. Let s(t) be the pdf of
a random variable D € [a,b] for - 0 < a < b < «. Let M(F(x)) be the function of the pdf F(x) of
any random variable X, then M(F(x)) satisfies the following conditions:
M(F(x)) € [a,b];
*  M(F(x)) is differentiable and monotonically increasing;
°  M(F(x)) - aas x — -» and M(F(x)) — bas x — .

Let X be a random variable with pdf f(x) and cdf F(x). Let D be a continuous random
variable with pdf s(t) defined on [a,b]. Let the cdf be a new distribution family defined by

Equation 1:
Equation 1:
M[G(x)]
j s(t)dt,
a
G(x;u,0) = xt@=1
where M[G[x]] = G‘(i;i;)’ Glx;p,0) =1—-G(x;u,0)and S(t) = ?(1+t“)2 for t>0.

2.1 OLLST distribution development

The pdf Skew t-Student’s (ST) is defined by Azzalini (1985) in Equation 2:
Equation 2:
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o) =29, () o, (1225)
(x—u)

where z = ,X € R, u € R isthe location parameter, 0> 0 is the scale parameter;
@(-) and ®©(-) represent the pdf and cdf of t-Student distribution, respectively. The cdf of ST

is defined in Equation 3:

G(x; u,a)—fbt( ;#)—ZT(X;#. )

where T (’%“ /1) is Owen’s T function (1956).

The purpose of this paper is to define an extension to ST distribution denoted by
Odd Log-Logistic Skew t-Student that will be indicated by OLLST. Thus, using the function
M(G(x)), given by Equation 4 (OLIVEIRA, 2020):

Equation 4:

G(x)
1-G(x)
and based on the D - Xtransformation, the new OLLST distribution was proposed. Its
distribution function is given by Equation 5 and 6 (OLIVEIRA, 2020):

M[G(x)] =

Equation 5:
MIG(X)] o  ga—1
F(x;u,0,4,a,v) =J0 @z a)zd
Equation 6:
G(x)«

F(x;u, 0,4, a,v) = O T 1= GO

The pdf is given by Equation 7 (OLIVEIRA, 2020):
Equation 7:

. _axG)* g1 - 6]
[ ok av) = e 1 - Gl

The parameter a is defined by Equation 8 (OLIVEIRA, 2020):

Equation 8:
F(x)
_log (=)

oe(r258)

The Quantile Function (gf) called Q(u,0) for the OLLST distribution as a function of x
is given by Equation 9 (OLIVEIRA, 2020):
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Equation 9:
1
ua
Qla,w) = 6(x)™ |[————=|
(1-wa+ux
Some submodels from the OLLST distribution:
1. When a # 1and A # 0;
+ v=1 (OLLST Cauchy);
+  4<v=20 (OLLST);
- v=20 (OLLST).
2. Whena=1and A #0;
* v=1 (ST Cauchy);
+ 4=v=<20(ST);
*  v=20 (Skew Normal).
3. Whena=1and A 0;
« v=1 (t-Student Cauchy);
* 4 <v=20 (t-Student);
*  v=20 (Normal).

Because Equation 7 does not allow a study of its behavior using calculation
techniques, then computational routines were developed to make some graphics, as shown

in Figure 1.
(a (b)
&
5 ] — a=01 — A=2
= cq-} m h=-3
& —_ A=4
=l o — = =5
n S A=8
z © =
= ,C_’ = g -
-] \
wn e
o o
=
8 o |
S 2 T T T T T
-4 -2 0 2 4 6
x X

Figure 1. Different graphs of OLLST density (OLIVEIRA, 2020).
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In all graphs, u =0 and o= 1 were considered. In Figure 1(a), A and v were fixed
values at 2 and 13, and the parameter a was varied with values proposed in the legend,
while in Figure 1(b) a and v were fixed at 0.2 and 13, and A varied. These graphs show how
each parameter interferes with OLLST’s behavior.

2.2 Amending and constructing the olist

Itis verified that estimating a model’s parameters is one of the most challenging stages
of statistical modeling. This fact justifies researching computational resources that make
statistical inference more intuitive. Thus, it was thought to implement the OLLST distribution
in the GAMLSS framework. In the sequence, we present a part of its implementation, and
to people interested in using it, contact one of the authors (STASINOPOULOQOS et al., 2017).

+  The definition of the link functions: To define the link function of any of the
parameters, the checklink() function is used. This function takes four arguments.

##
## R code
##
OLLST <- function (mu.link = "identity", sigma.link="log", nu.link =
"identity", tau.link = "log") {
mstats <- checklink("mu.link", "ollst", substitute (mu.link),
c("inverse", "log", "identity", "own"))
dstats <- checklink("sigma.link"™, "ollst",
substitute(sigma.link),
c("inverse", "log", "identity", "own"))
vstats <- checklink("nu.link", "ollst", substitute (nu.link),
c("l/nu~2", "log"™, "identity", "own"))
[...]
31 MATERIAL

The used dataset was obtained on December 2 of 2020. It consisted of 74558 (seventy-
four thousand, five hundred and fifty-eight) information regarding the notification of cases of
COVID-19 in the State of Acre. They come from surveillance of Influenza Syndrome (SG)
and Severe Acute Respiratory Syndrome (SRAG-HOSPITALIZADO) through the Acre State
Transparency Portal website': the Acre Without COVID-19 Pact, which is a management
tool for health and socioeconomic crisis caused by the pandemic of COVID-19 in the State
of Acre (SESACRE, 2020a; SESACRE, 2020b).

The dataset went through pre-processing steps that allowed us to choose which
data items would be worked on, guaranteeing completeness, veracity, and integrity of the
information, which allowed the reduction of the amount of data to group them by common
characteristics.

After the pre-processing step, the information extracted from the dataset resulted
in a total of 539 (five hundred and thirty-nine) notifications, and we analyzed the following
variables:

1 Government of the State of Acre - http://covid19.ac.gov.br
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+  Age: Discrete quantitative variable, refers to the patient’s age;

+  Gender: Nominal qualitative variable, indicates whether the patient’s gender is

Female or Male;

+  Comorbidities: Nominal qualitative variable, these are the comorbidities pre-
sented by the patient, being 0 for patients who did not have any health condi-
tion and 1 for patients who had at least one of these health conditions: Carrier
of chromosomal diseases or fragile immune status, Chronic heart diseases,
Chronic kidney diseases in advanced stage (3, 4 or 5 grades), Decompensated
chronic respiratory diseases, Diabetes, Immunosuppression, Obesity, High-risk
pregnant woman or Postpartum (up to 45 days after delivery).

41 RESULTS AND DISCUSSION

This section is about a performance test of the OLLST distribution to the normal

distribution using the Coronavirus (COVID-19) database. Figure 2 illustrates the histogram

of the age variable where we observe that the ages with the lowest frequency are in the

range [100+], with 0 being the minimum age and 106 the maximum age of patients who

developed the disease and were healed.
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Figure 2. Histogram of
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Age.
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The histDist() function’s output is illustrated in Figure 3. The function is based on the

histogram of the dependent variable, and it serves to adjust a parametric distribution to the

data where there are no explanatory variables. Its use allows us to estimate the pdfin a non-

parametric way and adjust the (parametric) distribution according to the most appropriate

distribution.
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Figure 3. histDist() graph of Age.

Figure 3 and the following Table 1, the OLLST distribution, Figure 3(b), application
seems to adjust more to the data than the normal distribution, Figure 3(a), indicating that
the OLLST distribution seems to present a better fit to the data. Although this result does not
consider the existence of explanatory variables, it sets precedents for comparing models
through graphical analysis and objective criteria such as the Global Deviation, for example.

Distributions

Normal OLLST
H 66.89 85.26
o 2.85 3.16
Global Deviance 4593.77 4547.23
AlC? 4597.77 4555.23
SBC? 4606.34 4572.39

Table1. histDist() output of Age.

Table 2 reports the outputs of the gamlss() function of the gender variable, where the
table refers to the analysis according to some criteria of regression models, and according to
criteria for selection of models based on the likelihood ratio; in the end, we can see that the
OLLST distribution seems to have a much better fit to the data than to normal distribution.

2 Akaike Information Criterion (AKAIKE, 1974)
3 Schwarz’s Bayesian Criteria (SCHWARZ et al., 1978)
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Distributions for Male

Normal OLLST
m t© male o m t© male o
Estimate 70.62*** -0.98n¢ 1.72%* 70.16*** -0.69" 0.60***
Std. 0.55 0.73 0.04 0.56 0.60 0.17
T c 127.91 -1.34 37.44 123.75 -1.15 3.37
Global Deviance 1483.14 1453.60
AIC 1489.14 1463.60
SBC 1499.53 1480.92

Signif. codes:
0 ***’0.001 ***0.1 *’0.05 '’ 0.1 “ 1 ‘ns’ — not significant

Table 2. Summary of Gender.

Table 3 below reports the gamiss() output of the comorbidities variable, where we can
also see that the OLLST distribution seems to fit the data better than the normal distribution.

Distributions for Without

Normal OLLST
m © without o m T without o
Estimate 70.90*** -1.39 1.71% 70.35*** -0.88" 0.61***
Std. 0.57 0.74 0.04 0.60 0.61 0.17
Tc 123.13 -1.88 37.36 115.66 -1.42 3.48
Global Deviance 1481.43 1452.90
AIC 1487.43 1462.90
SBC 1497.83 1480.22

Signif. codes:
0 “**’0.001 **’0.1 **0.05 ‘. 0.1 “ 1 ‘ns’ — not significant

Table 3. Summary of Comorbidities.

51 CONCLUSIONS

The GAMLSS framework shows a promising analysis of univariate data in several
areas of study because they manage to unify in a single model several statistical procedures.
On this account, in addition to obtaining probability functions for each sampled situation, it
is possible to obtain a distribution for any situation that includes values and variations in the
explanatory variables, even if not sampled, which does not require extrapolation, besides
also allowing to obtain a probability distribution for each observation.

At the moment, we conclude that when we analyze the performance of the OLLST
distribution compared to the normal distribution in the actual dataset for COVID-19, we
observe satisfactory results through the estimates of the parameters and the AIC/SBC
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criterion. Also, the OLLST distribution had a better fit when the data showed bimodality both
on the left and right.
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