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ABSTRACT

Acute diarrheal disease is a syndrome caused by different etiological agents. In the 1980s, the
disease caused over 17% of infant deaths. Government measures to control the disease were
significant, and the latest report from the Ministry of Health in 2011 indicated a decrease
in infant deaths caused by this disease to 1.6%. This study used records provided by the
Ministry of Health for the proportions of deaths due to acute diarrheal disease in children
under 5 years old in each federation unit from 1990 to 2011. These proportions were adjusted
using a beta regression model, with region and year of occurrence as covariates. The analysis
performed on the model corroborated clinical findings highlighted in the literature, which
demonstrate the effectiveness of the measures taken over the years to combat this disease.

Keywords: Infant Mortality, Beta Regression, Acute Diarrheal Disease, Clinical Findings,
Disease Control

RESUMEN

La enfermedad diarreica aguda es un sindrome causado por diferentes agentes etiolégicos. En
la década de los 80, la enfermedad causé més del 17% de las muertes infantiles. Las medidas
gubernamentales para controlar la enfermedad fueron significativas, y el ultimo informe del
Ministerio de Salud en 2011 indicé una disminucién de las muertes infantiles causadas por
esta enfermedad al 1.6%. Este estudio utiliz6 los registros proporcionados por el Ministerio
de Salud para las proporciones de muertes por enfermedad diarreica aguda en menores de
5 anos en cada una de las unidades de la federacién, en el periodo de 1990 a 2011. Estas
proporciones fueron ajustadas mediante un modelo de regresién beta, utilizando la region
y el ano de ocurrencia como covariables. El andlisis realizado sobre el modelo corroboré
los hallazgos clinicos destacados en la literatura, que demuestran la eficacia de las medidas
tomadas a lo largo de los anos para combatir esta enfermedad.

Palabras claves: Mortalidad Infantil, Regresiéon Beta, Enfermedad Diarreica Aguda,
Hallazgos Clinicos, Control de la Enfermedad
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1 Introduction

In Brazil, in the mid — 1980s, Acute Diarrheal
Disease (ADD) was responsible for over 17% of
infant deaths. Between 2002 and 2004, this num-
ber dropped to just over 4%, and the latest report
from the Ministry of Health in 2011 showed a de-
crease to 1.6%. This result is due to the efforts of
professionals from various sectors of society, espe-
cially those involved in public health policy prac-
tices [13] 2].

ADD is a ”syndrome caused by various etiologi-
cal agents whose predominant manifestation is an
increase in the number of bowel movements, with
watery or loose stools”” [d]. The infection occurs
via transmission of the enteropathogen, commonly
through oral contact with feces [14] [15].

Worldwide, the highest rates of infant mortality
from acute diarrheal diseases are in the poorest
countries and regions, which is no different in
Brazil [I]. In Brazil, the main factors for the
spread of pathogens causing this disease are the
lack of basic sanitation, malnutrition, limited and
poor access to medical care and health centers,
and inadequate housing [6]. Other important fac-
tors for contagion or lack of treatment often in-
clude the unavailability of free preventive vaccines
for the population over six months of age [10], and
the lack of maternal knowledge about the cause,
symptoms, care, and especially the prevention of
the disease [4].

Studies conducted in several countries reached
conclusions very similar to those of Brazilian re-
searchers. These researchers found that as social
inequalities diminished or even disappeared, the
mortality rates caused by ADD dropped drasti-
cally. The same was detected in Brazil, where the
North and Northeast regions have the highest mor-
tality rates from ADD, which also have the great-
est number of risk factors for the spread of such
diseases. The South region has the lowest mor-
tality rate, while the Southeast and Central-West
regions have intermediate rates, as confirmed by
[12], which showed in their research that exclu-
sively biological determinants were influenced by
socioeconomic and demographic factors.

In this context, to develop the present research,
records of the proportion of deaths caused by ADD
in children under 54 years old, made available by
the federal government through the DataSUS plat-
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form, were collected to evaluate whether this in-
formation statistically corroborates the empirical
evidence outlined in the literature. For this pur-
pose, a descriptive analysis of the data was per-
formed, and a beta regression model was proposed
and analyzed to verify the existence and quantify
the possible relationship between the proportion
of such deaths, a measure necessarily between zero
and one, and the region and/or year of occurrence.

A probability distribution that encompasses the
characteristics of interest is the beta distribution,
used to understand the variability of a random
variable Y supported on an open interval I =
(a,b) C R, with a,b € R and a < b. If the random
variable represents a proportion, we have the par-
ticularization where a = 0 and b = 1, that is, the
unit interval U = (0,1) € R. With broad appli-
cation, a regression model based on the beta dis-
tribution has already been analyzed and discussed
in many studies, as seen in [5] and [g].

The beta regression model proposed by [5] has in-
teresting characteristics in that it is analogous to
those presented in the study of generalized linear
models, a class already described in the literature
by [7], and widely extended by the author him-
self and numerous others. Thus, if the aim is to
model a set of observations whose response vari-
able behavior is governed by the beta distribution
and is closely related to another set of independent
variables through a regression structure, the beta
regression model may be the appropriate choice
for this fit.

The modeling results were detailed to show that,
indeed, the public policies implemented over the
years were sufficiently effective in combating this
type of disease and demonstrated remarkable
progress in reducing the initially high proportion
of deaths. The subsequent sections describe the
techniques used to address the problem, the results
obtained, and the analyses performed, and finally,
a brief consideration of the agreement between the
conclusions obtained through the statistical model
and the clinical findings already described in the
literature.

2 The Method

The probability density function of a random vari-
able Y restricted to the unit interval U = (0,1) €
R and governed by the beta distribution with pa-
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Funcédo Densidade de Probabilidade — Beta
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Figure 1: Some special cases for the probability density function of the beta distribution.

Source: the authors

rameters p and ¢, where p,q € R}, is a real func-

tion denoted by B(p, ¢) and expressed by
T'(p+q)
I'(p) I'(q)

where the parameters p and ¢ are positive, and
I'(-) denotes the Gamma function.

flyip.q) = Yy 1-y) ye(0,1),

The beta distribution is one of the most versa-
tile distributions, capable of assuming a myriad
of shapes. In Figure [T} some of the main types
of shapes can be visualized, such as the constant
shape (the uniform distribution), the symmetric,
unimodal, or bathtub shape (occurring when p and
q are equal), the negatively skewed, unimodal, or
strictly increasing shape (when p > ¢), and the
positively skewed, unimodal, or strictly decreas-
ing shape (when p < q).

The expected value, E(y), and the measure of dis-
persion, Var(y), are, respectively,

p
E(y) = ——
(y) prgrs

pq
P+ 9% (p+q+1)°

Var(y) =

In the special cases where both parameters p and ¢
are greater than one, the mode of the distribution
exists and is given by

p—1

Moda = ——— .
pt+qg—2

In regression analyses, it is common and reason-
ably more convenient to model the expected value
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of the response variable, that is, it is more inter-
esting to fit the model to the mean parameter. In
the case of the parametrization presented earlier,
the expected value of the random variable Y is a
function of the parameters p and ¢. Furthermore,
it is also reasonable to introduce a precision or
dispersion parameter into the model.

The idea is to work with a new parametrization of
the Beta distribution’s probability density func-
tion, such that the parameters expressing the ex-
pected value and the precision are immediately
identifiable. To achieve this, consider the param-
eters expressed by

b

p=—— p=p+q
p+q

and therefore

p=pp e q=1-pe,

therefore, the expected value and the variance of
the response variable are expressed, respectively,
as

(1 —p)
1+¢

E(y) = p Var(y)
It follows that p is the mean parameter of the
response variable and ¢ is a parameter that can
be interpreted as a precision parameter, in the
sense that, for a fixed value of u, ¢ — oo implies
Var(y) — 0, thus serving as a precision parame-
ter. Note that the variance of the random variable
Y is a function of p, and consequently, responses
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Funcédo Densidade de Probabilidade — Beta
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Figure 2: Some specific cases of the probability density function for the beta distribution, after repa-

rameterization.

Source: the authors

with non-constant variances are naturally accom-
modated by this model.

Applying the substitutions to the probability den-
sity function of the Beta distribution, one obtains
the following function, for y € (0,1)

L(¢) yt? (1 —y)t-met

fysp,0) = T(uod)T((1 = p) o)

)

where the parameter ¢ is positive, p € (0,1), and
I'(-) denotes the Gamma function.

Observe in Figure [2| the variation in the behavior
of the beta distribution’s probability density func-
tion with changes in the values of the parameters
1 and ¢. Note now the clearer perception of the
parameters p and ¢.

Note that, although the model as presented so far
assumes that the random variable Y belongs to
the unit interval U = (0,1) C R, it is possible to
extend this interval to any open I = (a,b) C R,
with @ < b and a,b € R known. An extension of
this form for a random variable X restricted to
the interval I = (a, b) is obtained through a linear
transformation on X such that

X —a

Y =
b—a

7

The modeling is done on Y instead of modeling X
directly.
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2.1 Model Definition

Consider a set of independent and identically dis-
tributed random variables Y7,...,Y,,, where each
Y;, with ¢ = 1,...,n, follows a beta distribution
with mean p; and unknown precision ¢. The re-
gression model is defined by assuming that the
expected value of the random variable Y; can be

written through the regression structure expressed
by

p
9(m) =Y @iy B = @B = ,

j=1

p<mn,

where 8 = (B1,...,08p) € R? where is the vec-
tor of unknown regression parameters andx;
(i1, ..., Tip) € RP is the vector of covariates with
the set of observations of the p covariates, which
take fixed and known values.

The link function g is an invertible real function,
strictly monotonic, and of class C? that maps the
unit interval U = (0,1). It is the component re-
sponsible for establishing a link between the values
taken by the linear predictor, 7;, and the values
taken by the random variable Y;. Some commonly
used link functions among researchers, and their
respective inverse functions, are as follows:

e Link function Log(u;):
9(pi) = log(pi) = m
= p o= e =g ()
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e Link function Logit (u;):

Hi

9(mi) = log(l,m) =
= e = g 1(m)
i oy 9
e Link function Probit(u;):
g(wi) = @) = mi
= wm = ®n) =g '),

where ® is the cumulative distribution func-
tion of a random variable with a standard nor-
mal distribution.

e Link function LogComplementar (y;):

g(pi) = log (—log(l—p)) =
= w = L—e " =g '(n;) -
e Link function LogLog(u;):
g(pi) = —log (—log(w)) =  m
= o = e ™ = g~ (n:)
e Link function Cauchy (u;):
1
glwi) = tan|\m (=5 )| = m
1 arctan(n; _
= o= 5 arctan(m)  _ Ymi) -
T

Note that, regardless of the chosen link function,
1n; — oo implies u; — 1 and 7; — —oo implies
w; — 0. That is, large magnitudes of the linear
predictor indicate that the expected value is closer
to the extremes of the interval U = (0, 1).

Given the above, the model used in this study is
formally defined by

g1 (i) = =3
g2(0) =7,

where the response variable Y; and its expected
value p; belong to the unit real interval U =
(0,1) C R, the precision parameter ¢ is a posi-
tive real number, i.e., ¢ € R}, the parameter v
belongs to R, and the parameter vectors 3 and
covariates x belong to RP.

7

2.2 Estimation of Parameters

Considering an independent random sample of n
observations, one can use an appropriate method
to estimate the parameters B and ¢. The
commonly used technique consists of maximizing
the likelihood function or, equivalently, the log-
likelihood function, which in this case is expressed

as
n

(B by, X) =D li(pi @)
i=1

where
Ci(pi, 939, X) = log [T(¢)] — log [T(pi)] —
log [T'((1 — pi)o)] +
(i — 1) log(y:) +

[(1— )¢ — 1] log(1 — ;)

keeping in mind that
P
g(ps) = Bjwig =i -
j=1

If the number n of observations is small, it is
known that the estimators of the parameters in-
dexing the beta distribution may be highly biased.
In general, the bias of the maximum likelihood es-
timators is of order O(n™1) [3]. On the other hand,
they have desirable properties, such as asymptotic
efficiency, when considered under the assumption
of large samples. If a sufficiently large sample is
used, it is possible to make inferences about the re-
gression parameters based on asymptotic theory;
in this case, the commonly used statistics are the
Wald, Score, and Likelihood Ratio tests [5].

2.3 Model Diagnostics

Residuals provide valuable information to assess
the quality of a fit and to check if the model as-
sumptions have been met. Numerous graphical
tools are used to identify discrepancies between
the fitted model and the collected observations.
A balance between these two sources of informa-
tion is necessary for the model to be analyzed with
practical value.

To assess the goodness of fit in a beta regression
model, one can use the usual diagnostic methods,
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such as analyzing the Residuals versus Fitted Val-
ues and Residuals versus Observation Index plots.
The behavior of the standardized residuals can be
evaluated using an appropriate statistical test, a
Q-Q Normal Plot, the Worm Plot as proposed by
[I1], or a simulated envelope plot, as described
by [B]. A plot of Cook’s distances can be used
to detect any potential influential points, and the
Residuals versus Linear Predictor plot can be used
to assess the adequacy of the chosen link function.

3 The Data

The data on the proportions of deaths caused by
DDA in children under 5 years of age were col-
lected from the Ministry of Health’s database,
which is made available by the federal government
through the SUS Informatics Department and can
be consulted in [2]. These data correspond to
all death proportions recorded between 1990 and
2011 in each of the federative units, resulting in
594 observations.

A beta regression model was fitted in an attempt
to understand the behavior of the random variable
Y, which denotes the proportion of deaths by DDA
in children under 5 years of age, considering the
presence of six covariates, one for each region of
the country where the death occurred, denoted by
CO (Central-West), ND (Northeast), NO (North),
SD (Southeast), and SL (South); and one for the
year of death, denoted by A (Year). These covari-
ates may influence the expected value of Y, so the
questions addressed here are as follows:

1. Does the expected value of Y effectively
change with the indications exerted by
the covariates CO, ND, NO, SD, and SL?
That is, does the region where the death oc-
curs have any significant, positive or negative,
influence on the average proportion of deaths?

2. Does the expected value of Y effectively
change with the changes in the covari-
ate A7 In other words, have the public poli-
cies implemented over the 22 years analyzed
been efficient and/or sufficient to result in a
significant reduction in the initial proportion
of deaths?

3. Is it possible to describe the random
variable Y with the beta distribution,
considering a regression structure that

accounts for the covariates CO, ND, NO,
SD, SL, and A? Or, can the expected behav-
ior of the proportion of this type of death be
described by a specific probability distribu-
tion, taking into account the region and year
of occurrence?

3.1 Descriptive analysis

To address the questions of interest, the modeling
process begins with a brief descriptive analysis to
identify the general behavior of the available in-
formation. Note in Figure [3] that the distribution
of the frequencies of the proportion of deaths is
visibly positively skewed, and if we observe the
range of the sample, the mode is relatively distant
from the mean, given that the observed data are
restricted to the real interval I = (0,003 ; 0,202).
It is natural for a greater concentration of obser-
vations to be in proportions of lower magnitude.

Note that the behavior of the frequency distri-
bution of the empirical proportions, used to con-
struct the histogram, is similar to one or more of
the possible behaviors shown in Figures [I] and
This provides an indication that the beta distri-
bution may accommodate the uncertainty of this
proportion.

Now, observe Figure[d and note that there is a rel-
atively large variation between the observed pro-
portions of deaths, especially for some states such
as Bahia, Ceard, and Rio Grande do Norte. On
the other hand, some states show very low vari-
ation, such as Alagoas, Mato Grosso do Sul, and
Rio Grande do Sul. The state of occurrence of
the death seems to influence both the mean and
median value of this proportion as well as its vari-
ability.

Anyway, the information presented in this man-
ner is still somewhat confusing. Perhaps it is ideal
to organize these observations into larger groups,
such as the five macro-regions of Brazil, and to or-
der the proportions on a rising scale. See in Figure
Elthat the evidence that the location of occurrence
influences the proportion of deaths becomes evi-
dent both in the average and median values as well
as in the variability. Notably, the most dispersed
proportions are in the Northeast region, while the
least dispersed are in the South region.

As seen in Figure[6] the passage of years seems to
significantly influence the observed proportion of
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Figure 3: Histogram for the response variable Y, the proportion of deaths due to DDA in children
under 5 years old.

Source: the authors
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Figure 4: Box Plot for the proportion of deaths from DDA in children under 5 years of age, constructed
based on the federal unit of occurrence.

Source: the authors
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Source: the authors

deaths. There is a reasonably progressive decrease
that is evident both in the mean and median values
of the proportion as well as in its variability.

The descriptive plots revealed evidence that both
covariates, year and region of occurrence, affect
the behavior of the death proportion

3.2 Adopted Beta

Model

A model formally described for the study of this
problem, using the Cauchy link function for p; and
the Log link for the parameter ¢, is as follows:

Yi ~ B(pi, ¢)
)} — B, (CO) + f (ND); +

B3 (NO); + B4 (SD); +

Regression

1

Bs (SL); + Bs (A);
log(¢) =1,

where the response variable Y; and its expected
value p; belong to the unit real interval U
(0,1) C R, the precision parameter ¢ is a posi-
tive real number, that is, ¢ € R}, the parame-
ter v belongs to R, and the parameter vector 3
belongs to RS. Additionally, the covariates corre-
sponding to the five macroregions, CO (Central-
West), ND (Northeast), NO (North), SD (South-

east), and SL (South) are dichotomous variables
that take the value 1 if the death observation is
from the respective region, and 0 otherwise. Fi-
nally, the covariate A (Year) takes all integer val-
ues from 1991 to 2011, according to the year of
the death occurrence.

3.2.1 Its adjustment

The point estimates, standard errors, and Wald
statistics with the corresponding p-values for each
parameter are presented in Table Note that
all parameters were considered statistically signif-
icant, meaning there is evidence that all regions,
as well as the year of occurrence, have some influ-
ence on the proportion of deaths due to DDA in
children under 5 years old.

Table 1: Estimates of the model parameters for
the expected proportions of deaths due to DDA in
children under 5 years old.

Estimate Standard v ¢ Pr(> [t])
Error
b1 622,92 26,76 23,28 <2e-16
By 624,58 26,73 93,36 <2-16
By 624,09 26,74 23,34 <2e-16
Bs 620,93 26,78 93,19 <2¢-16
Bs 620,80 26,78 23,18 <2e-16
8s  —031 0,01 —9346  <2-16
N -2, 0,03 ~81,56  <2e-16

Source: the authors
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Figure 6: Box Plot for the proportion of deaths from DDA in children under 5 years of age, constructed

based on the year of occurrence.

Source: the authors

The assessment of the model’s adequacy, if posi-
tive, allows conclusions to be drawn based on the
fit. This evaluation should be carried out through
the analysis of diagnostic plots that were created
using the residuals resulting from the optimization
process.

3.2.2 Analysis of Residuals and Model Di-
agnosis

On the following two pages, see Figure [7]and note
that:

e The Residuals vs. Fitted Values and Resid-
uals vs. Observation Index plots indicate a
good fit in that few observations have residu-
als beyond the 2 and —2 limits, respectively,
which is expected. Additionally, both exhibit
random behavior. In the first plot, there
might be a false impression of some trend,
but keep in mind that observed proportions
naturally accumulate in proportions of lower
magnitude, as the distribution is skewed. The
concentration of points is not the main factor
to observe in this plot; rather, it is the ran-
dom distribution of points around zero.

e The FEstimated Density and Normal Q-Q Plot
graphs indicate a good fit since the estimated
density and the Q-Q Plot suggest the normal-
ity of the residual quantiles computed based
on the fitted model residuals.

e The Cook’s Distance plot indicates that there
are no observations with quantitatively signif-
icant influence. Note that, although some ob-
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servations are visually prominent, the largest
Cook’s distance is slightly above 0.05, which
is much lower than the thresholds commonly
used for this measure. The Residuals vs. Lin-
ear Predictor plot, by not showing any devia-
tions from linearity, indicates that the chosen
link function does not present inadequacies
that raise concerns.

Both the Wormplot for Residual Quantiles
and the Half-Normal Plot of Residuals indi-
cate a good fit, as they show that the behav-
ior of the residual quantiles and residuals, re-
spectively, conforms to the expected behavior
under the assumption of the validity of the
fitted model.
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Figure 7: Graficos diagnésticos para o modelo pro-
posto.

Source: the authors

Based on the graphical analysis, it is assumed that
the model is capable of summarizing the observed
reality over the years. A pseudo-R squared of
0.4412 indicates that the model explains approx-
imately 44.12% of the variability in the studied
proportion. This is a significant number, consid-
ering the absence of additional information, as the
model includes only two very broad covariates. Al-
though this suggests the model’s imprecision in
providing valid estimates of the studied propor-
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tion, strictly in a quantitative sense, it is still able
to capture the significance of the effects exerted
by the covariates on the response variable.

A visual display of the discrepancies between the
observed and model-adjusted proportions can be
seen in Figure[8] The filled symbols represent the
values obtained from the adjustment, while the
contours represent the observed values.
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Figure 8: Observed and adjusted proportions
for examining the discrepancies presented by the
model.

Source: the authors

Now, with all the previous considerations, it is
possible to interpret the results obtained for the
estimates and understand what they represent in
the context of this study. Observe Table 7?7 and
note that:

e The estimate for the parameter s, related
to the covariate A (Year), is negative (8 =
—0.31461). This indicates that a quantita-
tive increase in the variable A, i.e., successive
progression over time, represents a decrease in
the expected proportion of deaths from DDA
in children under 5 years old.

The estimates for the parameters 51, ..., 05,
representing the covariates CO, ND, NO, SD,
and SL, respectively, are all positive, which
indicates that, on average, the proportion of
deaths from DDA in children under 5 years
old is increased according to the region where
the death occurred. Additionally, the mag-
nitude of these estimates indicates in which
region(s) this average proportion is represen-
tatively higher.

Note that the values presented in Table 77 do
not directly expose the information studied, as a
link function was used to relate the response vari-
able with the linear combination of the covariates.
That is, if it is of interest to use the obtained es-
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timates to numerically understand what they rep-
resent in the context and scale of the study, it is
necessary to apply the inverse of the link function
to the idealized linear combination, n;. In this
study, the following equivalence was used:

tan [« (1~ 3 )|

1 arctan(n;)

2

In Table [2, the results obtained for the expected
proportion in each region in the years 1990, 2000,
and 2010 are displayed. It is possible to numer-
ically observe the previously interpreted relation-
ships as well as a quantified evolution of the pro-
portion of deaths each decade. Note the significant
decrease in all expected proportions over the years,
regardless of the regions. The substantially higher
proportion at the beginning of the 1990s for the
North and Northeast regions and the subsequent
approach to proportions almost equivalent to the
other regions in the following decades is notable.

1

Hi—§

g(pi) i

= W g () -

™

Table 2: Estimates for the average proportions of
deaths due to DDA in children under 5 years of
age over the decades.

Region 1990 2000 2010
Sul 0,0597 0,0376 0,0275
Sudeste 0,0611 0,0382 0,0278
Centro Oeste 0,0977 0,0501 0,0336
Norte 0,1485 0,0613 0,0383
Nordeste 0,1830 0,0676 0,0407

Source: the authors

4 Discussions

The beta regression model adequately fitted the
collected data, successfully addressing the expres-
sions of the effects considered in the study that in-
fluence the proportion of deaths caused by ADD
in children under 5 years old. It was confirmed
that there was a beneficial effect observed over the
years, i.e., the decrease in the proportion of deaths
over time. The relevance of the region where the
deaths occurred on the expected proportion was
also confirmed.

As a conclusion of this research, it is also necessary
to highlight the success, especially in the North
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and Northeast regions, of the public policies im-
plemented over the years, which aimed to reduce
the proportion of deaths caused by this type of
disease. These policies either established means to
provide and promote family access to information
and, consequently, the prevention and immediate
treatment of the disease, or provided a minimal
basic sanitation structure that triggered a change
in the progression dynamics of these diseases.

This methodology can be extended by considering
other effects that may influence the expected be-
havior of the proportion of deaths caused by ADD
in children under 5 years old.

References

[1] BRASIL. Ministério da Satde, Brasilia.
Atengao Integrada as Doencas Prevalentes na
Infancia, 1 edition, 1999.

BRASIL. Ministério da Saide. Indicadores de
mortalidade: C.6 Mortalidade proporcional
por doenc¢a diarreica aguda em menores de 5
anos de idade, 2015.

Francisco Cribari-Neto and Klaus L. P. Vas-
concellos. Nearly unbiased maximum likeli-
hood estimation for the beta distribution. J.
Statist. Comput. Simul., 72(2):107-118, 2002.

Lygia Carmen de Moraes Vanderlei and
Gisélia Alves Pontes da Silva. Diarréia aguda:
O conhecimento materno sobre a doenca re-
duz o nimero de hospitalizagoes nos menores
de dois anos? Revista da Associacao Medica

Brasileira, 50(3):276-81, 2004.

S. L. P. Ferrari and F. Cribari-Neto. Beta
regression for modeling rates and propor-
tions. Journal of Applied Statistics, 31:799—
815, 2004.

A. R. FUCHS, C. G. VICTORA, and
J. FACHEL. Modelo hierarquizado: Uma
proposta de modelagem aplicada a inves-
tigacao de fatores de risco para diarréia grave.
Revista de Saide Piblica, 30:168-178, 1996.

J. A. Nelder and R. W. M. Wedderburn. Gen-
eralized linear models. Journal of the Royal
Statistical Society, 135(3):370-384, 1972.



Gonzatto Junior et al., 38 (2024) 73-84

[8] A. V. Rocha and A. B. Simas. Influence di-
agnostics in a general class of beta regression
models. Test, 20:95-119, 2011.

[9] SBI. Sociedade Brasileira de Infectologia.
Doencgas Diarreicas Agudas, 2015.

[10] SUS Portal da Satde. Vacinagao: Doenga
Diarreica Aguda, mar 2014.

[11] Stef van Buuren and Miranda Fredriks. Worm
plot: a simple diagnostic device for mod-
elling growth reference curves. Statistics in

Medicine, 20:1259-1277, 2001.

[12] L. C. M. Vanderlei, G. A. P. Alves, and J. U.
Braga. Fatores de risco para internamento
por diarréia aguda em menores de dois anos:
estudo de casocontrole. Cad Saiude Publica,
19:455-63, 2003.

[13] C. G. Victora. Intervengoes para reduzir a
mortalidade infantil, pré-escolar e materna no
brasil. Revista Brasileira de Epidemiologia,
4:3-69, 2001.

[14] Cesar G. Victora. Mortalidade por diarreia:
o que o mundo pode aprender com o brasil?
Jornal de Pediatria, 85(1):3-5, 2009.

[15] 1. Zoysa, D. Carson, and R. Feachem. Percep-
tion of childhood diarrhoea and its treatment
in rural zimbabwe. Soc Sci Med, 19:727-734,
1984.

84



	Introduction
	The Method
	Model Definition
	Estimation of Parameters
	Model Diagnostics

	The Data
	Descriptive analysis
	Adopted Beta Regression Model
	Its adjustment
	Analysis of Residuals and Model Diagnosis


	Discussions

	anm1: 
	1.335: 
	1.334: 
	1.333: 
	1.332: 
	1.331: 
	1.330: 
	1.329: 
	1.328: 
	1.327: 
	1.326: 
	1.325: 
	1.324: 
	1.323: 
	1.322: 
	1.321: 
	1.320: 
	1.319: 
	1.318: 
	1.317: 
	1.316: 
	1.315: 
	1.314: 
	1.313: 
	1.312: 
	1.311: 
	1.310: 
	1.309: 
	1.308: 
	1.307: 
	1.306: 
	1.305: 
	1.304: 
	1.303: 
	1.302: 
	1.301: 
	1.300: 
	1.299: 
	1.298: 
	1.297: 
	1.296: 
	1.295: 
	1.294: 
	1.293: 
	1.292: 
	1.291: 
	1.290: 
	1.289: 
	1.288: 
	1.287: 
	1.286: 
	1.285: 
	1.284: 
	1.283: 
	1.282: 
	1.281: 
	1.280: 
	1.279: 
	1.278: 
	1.277: 
	1.276: 
	1.275: 
	1.274: 
	1.273: 
	1.272: 
	1.271: 
	1.270: 
	1.269: 
	1.268: 
	1.267: 
	1.266: 
	1.265: 
	1.264: 
	1.263: 
	1.262: 
	1.261: 
	1.260: 
	1.259: 
	1.258: 
	1.257: 
	1.256: 
	1.255: 
	1.254: 
	1.253: 
	1.252: 
	1.251: 
	1.250: 
	1.249: 
	1.248: 
	1.247: 
	1.246: 
	1.245: 
	1.244: 
	1.243: 
	1.242: 
	1.241: 
	1.240: 
	1.239: 
	1.238: 
	1.237: 
	1.236: 
	1.235: 
	1.234: 
	1.233: 
	1.232: 
	1.231: 
	1.230: 
	1.229: 
	1.228: 
	1.227: 
	1.226: 
	1.225: 
	1.224: 
	1.223: 
	1.222: 
	1.221: 
	1.220: 
	1.219: 
	1.218: 
	1.217: 
	1.216: 
	1.215: 
	1.214: 
	1.213: 
	1.212: 
	1.211: 
	1.210: 
	1.209: 
	1.208: 
	1.207: 
	1.206: 
	1.205: 
	1.204: 
	1.203: 
	1.202: 
	1.201: 
	1.200: 
	1.199: 
	1.198: 
	1.197: 
	1.196: 
	1.195: 
	1.194: 
	1.193: 
	1.192: 
	1.191: 
	1.190: 
	1.189: 
	1.188: 
	1.187: 
	1.186: 
	1.185: 
	1.184: 
	1.183: 
	1.182: 
	1.181: 
	1.180: 
	1.179: 
	1.178: 
	1.177: 
	1.176: 
	1.175: 
	1.174: 
	1.173: 
	1.172: 
	1.171: 
	1.170: 
	1.169: 
	1.168: 
	1.167: 
	1.166: 
	1.165: 
	1.164: 
	1.163: 
	1.162: 
	1.161: 
	1.160: 
	1.159: 
	1.158: 
	1.157: 
	1.156: 
	1.155: 
	1.154: 
	1.153: 
	1.152: 
	1.151: 
	1.150: 
	1.149: 
	1.148: 
	1.147: 
	1.146: 
	1.145: 
	1.144: 
	1.143: 
	1.142: 
	1.141: 
	1.140: 
	1.139: 
	1.138: 
	1.137: 
	1.136: 
	1.135: 
	1.134: 
	1.133: 
	1.132: 
	1.131: 
	1.130: 
	1.129: 
	1.128: 
	1.127: 
	1.126: 
	1.125: 
	1.124: 
	1.123: 
	1.122: 
	1.121: 
	1.120: 
	1.119: 
	1.118: 
	1.117: 
	1.116: 
	1.115: 
	1.114: 
	1.113: 
	1.112: 
	1.111: 
	1.110: 
	1.109: 
	1.108: 
	1.107: 
	1.106: 
	1.105: 
	1.104: 
	1.103: 
	1.102: 
	1.101: 
	1.100: 
	1.99: 
	1.98: 
	1.97: 
	1.96: 
	1.95: 
	1.94: 
	1.93: 
	1.92: 
	1.91: 
	1.90: 
	1.89: 
	1.88: 
	1.87: 
	1.86: 
	1.85: 
	1.84: 
	1.83: 
	1.82: 
	1.81: 
	1.80: 
	1.79: 
	1.78: 
	1.77: 
	1.76: 
	1.75: 
	1.74: 
	1.73: 
	1.72: 
	1.71: 
	1.70: 
	1.69: 
	1.68: 
	1.67: 
	1.66: 
	1.65: 
	1.64: 
	1.63: 
	1.62: 
	1.61: 
	1.60: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


