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Abstract

In this study, for the birth weight, a novel system based on categorical
regression is proposed. Factors affecting birth weight of newborn
are examined with categorical regression. The main purpose of the
model development is to examine the causal relationship between
independent and dependent variables. It is believed that the prepared
Categorical Regression Analysis system may be useful for physicians
to make decisions about the factors affecting the birth weight
of babies during pregnancies. The results show that categorical
regression analysis system based on alearning method can assist in the
prediction of birth weight.
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1. Introduction

In almost al discipline, researchers have sought to determine the rules
of operation of systems, depending on the available data, and therefore they
have turned to abstract structures that will help to explain the system. It is
possible to define these abstractions with the word “model”. The purpose of
using the categorical regression (CATREG) analysis is the same as the other
model of configuration techniques used in the statistic. In such analyses, the
main goal is to establish an acceptable model that can define the relationship
between dependent and independent variables in such a way as to have the
best fit with the least variable.

CATREG quantifies categorical data by assigning numerical values
to the categories, resulting in an optimal linear regression equation for
the transformed variables. CATREG extends the standard approach by
simultaneously scaling nominal, ordinal and numerical variables. The
procedure quantifies categorical variables so that the quantifications reflect
characteristics of the original categories. The procedure treats quantified
categorical variables in the same way as numerical variables. Using
nonlinear transformations variables are analyzed at a variety of levelsto find
the best-fitting model.

Birth weight (BW) is the initial weight immediately measured when the
baby is born. BWs of healthy babies can range from 2500gr to 4500gr. An
infant with a low birth weight (LBW) may be born prematurely or it may
be born smaller than normal. Even, LBW infants can be both small and
premature. Some LBW babies may be more at risk for certain heath
problems. Some of the LBW babies may become sick and develop infections
in the first days of their lives. In the first days of life, infants who do
not have these problems may also have long-term problems such as social
development and learning disorders. One of the most important factors an
effecting perinatal morbidity and mortality is the BW of the baby. The birth
of the baby on the ideal BW will reduce the perinatal risk. However, BW isa
major determinant of infant morbidity and mortality.
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Infants born with LBW are more vulnerable to death because they are
not immaturity, and this is considered as a very important health index [1].
In the literature, the relationship between LBW and infant mortality has been
clearly demonstrated. This is the reason why the factors affecting the BW
are primarily studied in terms of public health. Many different risk factors
which have an affect on BW have been studied. Variables an affecting BW
are mainly socioeconomic, physical, medical, ethnical and anthropometric
categories. Investigating the relationship between one or more of these
parameters and the BW will have important consequences. Therefore, it is
thought that the factors that may cause babies to be born at LBW and their
correction are thought to reduce perinatal morbidity and mortality.

Given the birth outcomes, LBW appears to be a serious problem,
especially in developing and undeveloped countries. World Health
Organization (WHO) data shows that more than 20 million infants in the
world are born LBW, annually. When LBW infant incidence is examined
according to the continents, it is seen most in Asia (18.3%) and least in
Europe (6.4%). According to WHO data, LBW infant incidence is 18.6%
in undeveloped countries, 16.5% in developing countries and 7.0% in
developed countries.

The main source of data for this study is the live births in
Beykoz, Gumussuyu Health Center (BGHS). Due to the “Family Medicine”
registration system, BGHS records contain very detailed information about
newborn babies and mothers. A CATREG analysis was used for input data
on newborn birth weight.

2. Materialsand Methods

In this study, factors affecting BW from birth records between January
2017 and December 2017 were examined.

A database was created from the Beykoz District in Istanbul. The
records that make up the database consist of the information of the infants
followed up by the “Family Medicine System” in BGHS. Records with
incomplete information in the dataset have been eliminated.
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Beykoz is a relatively rural area in Istanbul. People living in Beykoz
usually come from the families who have migrated from Anatolia to Istanbul.
The lifestyle in Beykoz is mostly rural life rather than urban life. The habits
of the people in Beykoz are the cultural lives of the regions where they
emigrate. The lives of the people in Beykoz continue according to their
economic conditions and lifestyles. Therefore, life in Beykoz is closer to the
disadvantaged zone status.

Here are 250.410 people living in the Beykoz district. The population of
the Gumussuyu neighborhood is 14.306. Gumussuyu is the second most
populous neighborhood of the Beykoz district. It will be useful to examine
the impact of the lifestyle of the people living in the rural area on their
health. Therefore, the samples of the work consisted of 223 babies born in
the Gumussuyu neighborhood of Beykoz in Istanbul between January 2017
and December 2017.

There are 19 independent variables and one dependent dichotomous
variable (BW) that form a database. These data were obtained from 223
samples. The 19 independent variables used in constituting the database are
gender of the baby (GB), maternal age (MA), Body Mass Index (BMI),
gravida (Gr), parity (Par), nutrition habits (NH), inter-pregnancy interval
(IP1), mother’s education (MsE), father’s education (FsE), antenatal care
(AC), gestational age (GA), materna pre-pregnancy weight (MPPW),
maternal weight gain in pregnancy (MWGP), mother’s working status
(MsWS), income level (IL), mother’s acohol use (MsAU), mother’s
cigarette use (MsCU), mother’s caffeine use (MsCafU) and mode of delivery
(MD).

From these variables, “antenatal care” has been abolished since each
sample cannot be obtained with the correct information. In the same way,
this variable has also been eliminated because of sufficient and accurate
information cannot be obtained about “mother’s use of caffeine”. In this
study, the outcome variable is the BW of the baby. Table 1 shows how these
variables are selected. The World Health Organization categorized BMI [2].
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It used metric units (kg/mz) to calculate the BMI. For BMI > 30, obese

class was evaluated as asingle class.

Table 1. Definitions of independent variables

Variable Definition (coding)
GB Male (1), female (2)
MA 19-25 (1), 25-35 (2), 35+ (3)
GA <37 (1), >37 (2)
Gr 1-4
Par 1-4
NH Regular (1), irregular (2)
IPl (month) 0-72
BMI <18.5 (1), 18.5-24.99 (2), 25.0-29.99 (3), >30 (4)
MPPW (kg) 48-65 (1), 65 + (2)
MWGP (kg) 5-11(1), 11+ (2)
MsAU Use (1), no use (2)
MsCU Use (1), no use (2)
MD Normal (1), C-section (2)
MSsE* P(1),S(@2),H®R),U®
FsE* P(1),S(2),H?3),U@®
MsWS Working (1), no working (2)
IL (monthly) <$1000 (1), $1000-$3000 (2) $3000 + (3)

*P: Primary, S: Secondary, H: High, U: University

Statistics are very important in al health sciences, especialy in
medicine. In order for the physicians to make scientific studies and their
decisions to be scientific, statistical methods should be used. The correct
interpretation of the results of a study depends primarily on the selection of
the appropriate statistical test for the purpose and the data. Researches in
medicine are carried out for many different purposes. In addition, the
measured variables differ in each study. Therefore, the analysis of the data
obtained for the researchers at the end of the study is seen as a complex
problem. Thus, many different analysis methods are used in medicine, such
aslogistic regression, artificial neural network [3-7].
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In this study, CATREG was used as the analysis. In the modelling of
nonlinear relationships, three types of approaches are seen which are
nonlinear regression, generalized linear regression and regression with
transformations. In nonlinear regression, nonlinear relations are defined with
nonlinear models. In the other two approaches, nonlinear relations between
dependent variable and independent variable are tried to be determined with
the help of alinear model. The purpose here is linearization of relations by
transformation. When these three approaches are examined with respect to
their assumptions, in nonlinear regression, we find a continuous variable and
a normally distributed error assumption. In the two other approaches,
assumptions are weaker. CATREG takes the regression with transformation
approach, applying the optimal scaling methodology to transform both the
response and predictor variables [6]. CATREG is used in the situation of
existence of categorical variables in linear regression. Categorical variables
can be at nominal or ordinal level. Besides, numerica variables can also be
included in the analysis. In CATREG analysis, number values are assigned
to the categories of variables. Therefore, categorical variable is quantified
with a nonlinear transformation. This transformation appropriates
regression model while realizing quantification process, various nonlinear
transformations are used. This transformation is designed in a way to
maximize the relationship between each one of independent variables and
the dependent variable.

CATREG model is shownin (1):
J
(Pr(Y)zzj:lBj(Pj(Xj)"'e- D

Loss function:
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In (1) and (2), J denotes the number of independent variables, y denotes
the dependent variable, X; denotes independent variables, f; denotes

regression coefficients, ¢, and ¢; denote transformation functions for
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dependent variable and independent variables, respectively, and e denotes

the failure term. | - |* expression defines the Euclidean norm [8]. Purpose of

using Euclidean norm is to centralize all the transformed variables and
norming the total of squares in a way to be equa to total number of
observations. Each variable in the analysis can be shown with NxC,

dimensional G, indicator matrix. M, being the number of rows in the
indicator matrix, defines number of units in the anaysis, whereas C,,, being
the number of columns, defines number of categories of m variable. G,

indicator matrix is composed of values of 0 and 1. With the help of indicator
matrices being defined and category quantification vectors, regression model
can be shown asin (3) and loss function can be shown asin (4) [9]:

J
GV, = ijlsjejvj +e ©)

3 2
L= (Vs Va5 o V5 By o Bj) = H GV, — ijlﬁjijj

(4)

This loss function which is seen in (4) is minimized with alternating least
squares (ALS) algorithm. In this algorithm, first digitizing processes are
done and then, regression coefficients are predicted and loss function is
calculated. Afterwards, by making comparison with the loss function that is
obtained in the previous step, iterations are continued until the difference
among them becomes meaningless, in other words, until the loss function
becomes minimum. In this way, the best model is obtained [10].

CATREG analysis has been used in various different areas until now.
Some of these studies have been briefly summarized. Kraaij and De Wilde
[11] have asserted that negative events experienced by people influenced
them all through their lives. For this purpose, Geriatric Depression Scale and
Negative Life Events Questionnaire have been applied to 194 adults and the
results have been analyzed with CATREG. As the outcome of the study, it
was reached to the conclusion that the negative events that have been
experienced by these people influenced their depression levels. Sautsas et al.
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[12] have aimed to reveal the factors that would enable for the devel opment
of tourism in mountain areas. For this purpose, Metsova region has been
preferred and data have been collected with questionnaire. As a result of
CATREG analysis, factors determining people to have their vacations in
mountain regions have been revealed. Hartmann et al. [13] have emphasized
that it was not correct for the relations between variables in psychotherapy
field to be assumed linearly and that it was necessary for nonlinear relations
to be modeled. For this purpose, CATREG analysis has been conducted with
the data being obtained from German Multicenter Project on the Indication
Criteria for Inpatient or Day Clinic Psychotherapy Treatment. Before
CATREG, variables that would be included in the model have been
determined with Lasso. Shrestha [14] has predicted indoor particulate air
pollution and carbon monoxide concentrations based upon a cross-sectional
survey data of Nepalese households, by means of CATREG analysis. Xu et
al. [15] have used CATREG analysis to predict the quality of Open Source
Software. Their objective is to build estimation models for the number
of defects with metrics at project level. Aricigil Cilan and Can [16] have
tried to determine the factors influencing academic performances of MBA
students with categorical regression analysis. The purpose of study being
conducted by Almeida and Garrod [17] was to Maderia, with CATREG
analysis. In [18], analysis methods with CATREG models are discussed and
as an example, data case control study with Los Angeles endometrial cancer
was performed. Joffe and Greenland [19] proposed a method to convert
CATREG coefficients into estimates of standardized fitted probabilities,
probability differences and probability ratios. Further, they provided an
illustration of their approach in an observationa study of drug therapy of
polymyositis. In [20], meta-analytical categorical regression analysis was
used. The analysis included five studies on tea intake and outcomes related
to colorectal cancer. Guth et al. [21] used the stratified categorical regression
for exposure-response analysis of acute noncancer risks. The purpose of the
study in [22] is to illustrate the application of categorical regression to
chemicals of concern to the regulatory community.
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3. Results and Discussion

In this study, it is aimed at to determine the factors affecting the birth
weight of babies by categorical regression anaysis. The variables used
in the analysis are shown in Table 2. Table 2 shows the frequencies of
each variable category and the quantification values obtained by applying
the ALS agorithm. Table 2 shows the results of iterations for CATREG
analysis.

Table2
Variables Categories of variables | Frequency | Quantification
<2500 41 -2.072
BW (dependent variable) 2500-4000 168 0.46
>4000 9 0.842
<37 50 -1.833
GA
> 37 168 0.546
48-65 119 -0.912
MPPW
> 65 99 1.096
5-11 52 -1.787
MWGP
>11 166 0.56
Use 86 -1.239
MsCU
Not use 132 0.807
Use 46 -1.934
MsAU
Not use 172 0.517
1 98 -0.97
2 103 0.589
Gr
3 14 1512
4 3 4.396
1 145 -0.71
Par 2 50 1.409
3 23 1.409
Normal 96 -1.127
MD .
C-section 122 0.887
Male 108 -1.009
GB
Female 110 0.991




130 Necip Simsek, Seda Bagdatli and Murat Kirisci

When Table 2 is examined, it is seen that as a result of 9 iterations,
minimization of the loss function is achieved. The iterations were stopped at
step 9 because the convergence was achieved and the current test value was
reached. After this stage, the variance analysis was used to determine
whether the model was statistically significant after the CATREG analysis.
Theresults of the variance analysis are shownin Table 2.

When Table 2 is examined, it is seen that the model created as a result of
CATREG is astatistically significant model (F = 14:664; p = 0:000). Table
3 is established to determine the extent to which the independent variablesin
the model explain the dependent variable. When Table 2 is examined, it is
seen that the independent variables used in the model explain the birth
weight by approximately 59%. The values for the coefficients and
coefficients of the CATREG model are shown in Table 2.

Table 3. Iteration history

Multiple R Apparent Decrease in apparent
square prediction error prediction error
Iteration number 0 460 .540
1 577 425 114
2 .581 420 .006
3 .583 417 .002
4 .584 416 .001
5 .584 416 .000
6 .584 416 .000
7 .585 415 .000
8 .585 415 .000
9 .585 415 .000

When Table 2 is examined, it is seen that all the independent variablesin
the model with 0:05 significance level are statistically significant. Therefore,
it was concluded that all independent variables had a significant effect in
explaining the birth weight of the baby. After this stage, impact coefficients
were calculated to determine the relationship of independent variable
categories with the dependent variable and the results are shown in Table 2.
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When Table 2 is examined, individuals with gestational age less than 37
weeks have a lower birth weight and their babies have a gestational age
greater than 37 weeks.

If the maternal pre-pregnancy weight isin the range of 48 to 65, the birth
weight of the babies is higher, while in case the maternal pre-pregnancy
weight of the baby is greater than 65, then birth weight of the baby is lower.
Therefore, the birth weight of babies decreases as the weight of the pre-
pregnancy weight of individuals increases.

The birth weight of the babies is higher when the weight of the
individuals at birth is between 5 and 11. If the weight at birth is more than
11, then the birth weight of the babies is lower. Therefore, the birth weight
of babies decreases as the weight of the individuals at birth increases. While
the birth weight of the babies of smokers is higher, the birth weight of the
babies of nonsmokersis lower.

While the birth weight of the babies of individuals using alcohol is
lower, the birth weight of the babies of individuals who do not drink alcohol
is higher.

When the gravida variable is examined, it is seen that birth weights of

babies decrease as the number of pregnancies increases. The birth weight of
the babies of individuals with pregnancy number 1 is higher.

While the birth weight of the babies of the individuals with parity 1 is
lower, the birth weight of the babies of parities 2 and 3 is higher.

While the birth weight of individuals with normal birth is higher, the
birth weight of the babies of the C-section islower.

While the birth weight of male babies is higher, female babies have
lower birth weight.

As a result, the characteristics of individuals with high birth weight in
terms of the size of impact coefficients are as shown in Table 2, respectively.

The characteristics of individuals with the low birth weight of their
babies are as shown in Table 2, respectively.
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Table 3 shows the results of iterations for categorical regression
analysis. When Table 3 is examined, it is seen that as aresult of 9 iterations,
minimization of the loss function is achieved. The iterations were stopped
a step 9 because the convergence was achieved and the current test value
was reached. After this stage, the variance analysis was used to determine
whether the model was statistically significant after the categorical
regression analysis. The results of the variance analysis are shown in
Table 4.

When Table 4 is examined, it is seen that the model created as
a result of categorical regression is a dstatistically significant model
(F =14.664; p = 0.000). Table 5 is established to determine the extent to

which the independent variables in the model explain the dependent variable.

Table 4. Model significance table

Sum of squares df Mean square F Sig.
Regression 127.438 19 6.707 14.664 .000
Residual 90.562 198 457
Total 218.000 217

Table5. Model summary
Multiple R R square Adjusted R square
.765 .585 .545

When Table 5 is examined, it is seen that the independent variables used
in the model explain the birth weight by approximately 59%. The values
for the coefficients and coefficients of the categorical regression model are
shown in Table 6.



Table 6. The coefficients of categorica

Categorical Regression Analysis with Medical Application

significance of coefficients

133

regresson model and the

Standardized coefficients
Beta | Bootstrap (1000) estimate of std. error df F Sig.
GA .621 .062 2 100.928 .000
MPPW | -.185 .049 2 14.292 .000
MWGP | -.118 .054 2 4.820 .009
MsCU -.157 .071 2 4.899 .008
MsAU 227 .064 2 12.695 .000
Gr -.341 .100 4 11.689 .000
Par 450 116 1 14.962 .000
MD -.208 .055 2 14.204 .000
GB -.378 .053 2 50.315 .000
Table 7. Impact coefficients of variable categories
. Categories e . ..
Variables of variables Frequency | Quantification | B coefficient | Impact coefficients
<37 50 -1.833 -1.138
GA 0.621
> 37 168 0.546 0.339
48-65 119 -0.912 0.169
MPPW -0.185
> 65 99 1.096 -0.203
5-11 52 -1.787 0.210
MWGP -0.118
>11 166 0.56 -0.070
U -1 .
MsCU se 86 1.239 0157 0.194
Not use 132 0.807 -0.127
U 46 -1.934 -0.439
MSAU = 0.227
Not use 172 0.517 0.117
1 98 -0.97 0.330
2 103 0.589 -0.200
Gr -0.341
3 14 1512 -0.516
4 3 4.396 -1.499
1 145 -0.71 -0.320
Par 2 50 1.409 0.45 0.634
3 23 1.409 0.634
Normal 96 -1.127 0.234
MD - -0.208
C-section 122 0.887 -0.184
Male 108 -1.009 0.381
GB -0.378
Female 110 0.991 -0.375
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When Table 6 is examined, it is seen that all the independent variablesin
the model with 0.05 significance level are statistically significant. Therefore,
it was concluded that all independent variables had a significant effect in
explaining the birth weight of the baby. After this stage, impact coefficients
were calculated to determine the relationship of independent variable
categories with the dependent variable and the results are shown in Table 7.

When Table 7 is examined, individuals with a gestational age of fewer
than 37 weeks have a lower birth weight and the weight of their babies with
a gestational age of more than 37 weeks is higher. If the maternal pre-
pregnancy weight is in the range of 48 to 65, the birth weight of babiesis
higher, while in case the maternal pre-pregnancy weight is more than 65,
then birth weight of the baby is lower. Therefore, the birth weight of babies
decreases as the weight of the pre-pregnancy weight of individuals increases.
If the weight of the individuals at birth is between 5 and 11, then the birth
weight of the babies is higher. However, the birth weight of the babies is
lower if the weight of individuals at birth is more than 11. It is understood
that the birth weight of babies decreases as the weight of the individuals at
birth increases.

While the birth weight of the babies of smokers is higher, the birth
weight of the babies of nonsmokers is lower. While the birth weight of the
babies of individuals using alcohol is lower, the birth weight of the babies of
individuals who do not drink alcohol is higher.

When the number of pregnancy (gravida) variables is examined, it is
seen that birth weights of babies decrease as the number of pregnancies
increases. The birth weight of the babies of individuals with a pregnancy
number 1 is higher. The birth weight of the babies of individuals with a birth
number of 1 islower. But, the birth weight of the babies of individuals with
births 2 and 3 is higher.

The birth weight of individuals who have normal birth is higher. The
birth weight of the babies born with C-section is lower. While the birth
weight of boy babiesis higher, girl babies have lower birth weight.
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As a result, the characteristics of mothers of babies with high birth
weight in terms of size of impact coefficients are as shown in Table 8,
respectively. The characteristics of the mothers of babies with low birth
weight are as shown in Table 9, respectively.

Table 8. Characteristics of mothers of babies with high birth weight

Variable Categories of variables | Impact coefficients
Par 2 0.634
Par 3 0.634
GB Mae 0.381
GA > 37 0.339
Gr 1 0.330
MD Normal 0.234

MWGP 5-11 0.210
MsCu Use 0.194
MPPW 48-65 0.169
MsAU Not use 0.117

Table 9. The characteristics of the mothers of babies with low birth weight

Gr 4 -1.499
GA <37 -1.138
Gr 3 -0.516
MsAU Use -0.439
GB Female -0.375
Par 1 -0.320
MPPW > 65 -0.203
Gr 2 -0.200
MD C-section -0.184
MsCU Not use -0.127
MWGP >11 -0.070

4. Conclusion

One of the contributing factors to the United Nations Millennium
Development Goals is to reduce the low birth weight and child mortality
of babies born. In this study, various factors affecting birth weight were
examined. Beykoz, arural area, was chosen for the study.
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Various methods are used in statistical studies in medicine. Recently,
various artificial intelligence techniques have become widespread for
decision-making methods [3-5].

CATREG was used as an analysis in the study. The BWs of the babies
of the mothers followed up with a *“Family Medicine System” in arural area
were examined.

The main purpose of model development is to examine the causa
relationship between independent and dependent variables. If the main
purpose is outcome classification and considerable mutually effects or
complicated nonlinearities exist in the data set, then using the CATREG can
be especially beneficial.

Baby’s hirth weight is affected by many variables. Knowing and
correcting the factors that negatively affect birth weight will significantly
reduce the risk of perinatal morbidity and mortality as well as birth weight in
the baby. It was observed that the desired information could not be obtained
from antenatal care and mother’s use of caffeine from selected variables and
these substances were eliminated. MA, NH, IPl, BMI, MsE, FsE, MsSWS
and IL variables had no effect on the BW. Other variables (gestational age,
maternal pre-pregnancy weight, maternal weight weight gain in pregnancy,
mother’s cigarette use, mother’s alcohol use, gravida, parity, mode of
delivery and gender of the baby) considered have been found to have a
significant effect on the BW. The CATREG approach for BW has been
successful with given independents variables. Our system can be combined
with the software of medical decision-making tools. The benefit of such
systems is that they help the physician to make decisions without being
skeptical.

The main aim of this study is to minimize the problems that may arise
after birth by maximizing the birth weight estimation of the physicians in a
more effective way with the established model.
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