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Predicting the Consumer price index and inflation average for the
Kurdistan Region of Irag using a dynamic model of neural networks
with time series

Nazeera Sedeek Kareem
Department of Statistics and Informatics/College of Administration
and Economics-Salahaddin University
Taha Hussein Ali
Department of Statistics and Informatics/College of Administration
and Economics-Salahaddin University
Heyam A.A.Hayawi
Department of Statistics and Informatics/College of Computer and
Mathematical Science- Mosul University
Shahla Hani Ali
Kurdistan Region Statistics Office / Iraq
Abstract
In this research, the Consumer price index and the main sections of

the Kurdistan Region of Irag were predicted, in which the annual inflation
rate and the main sections are calculated by using dynamic models of
neural networks (non-linear filters) with time series in the formation of
linear models to predict the future interval (2023-2025). Based on data
from the KRSO for the interval (2008-2022) using MATLAB language,
the research found that these models can be used to predict consumer
price indexes that include large fluctuations in their amounts. There is an
increase in the level of the consumer price and some of the main sections
and a decrease in some of the other predicted, which led to an increase in
the annual inflation rate a rise in some basic sections and a decrease in
others.
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Abstract

This study aimed to study the measuring the experience of
administrative leaders in some government institutions in the Sultanate
towards the use of statistical methods in the decision-making process.
The researcher used the analytical descriptive approach as a method for
the study and used the questionnaire as a tool for the study. The study
reached many results, the most important of which is that the method of
personal experiences ranked first in the decision-making process, while
the method of using statistical methods came in the fourth rank out of five
methods, and that there is a moderate desire The administrative leaders
have to learn about statistical methods, and the lack of statistical training
programs is considered the main obstacle for them to not use statistical
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Studying the variables affecting women's obesity using factor
analysis
zainab yousif dawood

Abstract

The statistical method known as factor analysis was used to study a group
of non-measurable variables and their impact on obesity in women of
childbearing age and menopause for ages 20-50 years by collecting data
for more than 100 women. Incomplete answers were excluded, and 100
questionnaire forms collected from various poor, middle, and rich classes
of society were analyzed. The analysis revealed 4 factors that saturated
the twelve variables of the study. It was concluded that there were 6
variables that saturated the first factor and were classified under the
topics (controlling the type and quantity of food and burning calories), in
which obesity can be treated, and 4 variables that satisfy the second factor
have been classified under the topics (genetics and hormones), which are
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difficult to control. The variables that were saturated with the third and
fourth factors were neglected because they were not important within the
study <Some recommendations have been made that we hope the
authorities concerned with this aspect will take into consideration in an
attempt to reduce the cases of obesity, which has become a scourge that is
devastating society.
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Extraction Method: Principal Component Analysis
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Kurdistan/lraq
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Salahaddin University — Erbil College of Administration and
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The statistical methods for survival analysis of data have found
applications in wide range of fields especially in medical researches
during the past few decades. The majority of medical researches focus on
the event of time to death. However, another crucial factor in cancer is the
amount of time that passes between a treatment response and a recurrence
or period of disease-free time. This research is aimed to study the most
important factors affecting the brain cancer in Erbil city using the log
rank test to detect a difference in a risk of an event between factors group.
Using cox proportional model for modeling and identifying the most
affecting factors of brain cancer in our data. The data used in this
research was obtained from Nanakali Hospital for Cancer in the
Kurdistan Region of Iraq — Erbil. The results for our data showed that
Morphology, Behavior and age are the most important factors affecting
the brain cancer.

Key words: Survival Analysis, Log Rank Test, Cox Proportional Model,
Hazard Function, Brain Cancer.
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1. Introduction

The study of time-to-event data is referred to as survival analysis. The
time to event data displays the period of time from a well specified time
origin to a clearly defined end point of interest (event). Although time-to-
event analysis and time-to-event data are often used more frequently than
survival analysis and survival data, the latter word is clearer and more
exact.

The beginning and end of time must be clearly identified. For
instance, the diagnosis of a specific type of cancer is chosen as the time
origin and the death carried on by that specific cancer would be the time
end point in a research of that type of cancer. Alternately, a research
might monitor subjects from the time of their birth (time of origin) until
the start of a disease (end point). The measurement of time is performed
in this way. The data on the time to occurrence is typically gathered
prospectively over time, such as when data was collected for a clinical
experiment or a future cohort study. Sometimes information can be
gathered retrospectively by consulting medical records or speaking with
people who have a particular disease. (Khawar, 2019).

The World Health Organisation (WHO) reported in 2018 that an
estimated reason of one in six deaths is due to cancer. Generally, cancer is
a type of disease that causes uncontrollable cell growth, division, and
uncontrollably. Brain cancer develops when abnormal cells grow within
the brain. All types of brain tumors may cause symptoms that vary
depending on the size of the tumor and the portion of the brain that is
affected.

In (2019) Mawlood used two advanced statistical methods for studding
the most important factors affecting the leukemia in Erbil city, logistic
regression and Cox regression. The results indicated that the surgery is
the most important factor affecting the leukemia survival patients in both
methods.

Mawlood et al (2019) used two Survival models (Cox-Proportional
Hazard and Accelerated Failure Time Models) to detect the significant
factors effecting on chest cancer. They found significant difference
between levels of treatments, namely: Surgery, Radio, Age and Gender

2. Background Information

This section presents the brain cancer which is the first important health
issue. Two functions related to survival analysis are used to describe the
data; the survival function, which measures the possibility that a patient
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will survive to time t and the hazard rate also known as the hazard
function, measures the possibility that the patient will die in the future
instant of time. Moreover, exploration, description and the basic
principles of two models (Cox regression models and Poisson regression
models) given and the Log rank test to compares survival of two different
groups of individuals

2.1 Survival Analysis

The study of how often and when events happen is known as survival
analysis. To find out how covariates affect the length of survival,
covariates are studied. Survival analysis is the only method that uses
censoring and time-dependent covariates (time-varying explanatory
variables). (Mahdi, 2016)

Data involving time till the occurrence of a specific event has been
referred to as "survival data" in a wide sense. The occurrence of a tumor,
the development of a disease, its recurrence, conception, the decision to
stop smoking, and other events may fall under this category. Applications
of the statistical methods for survival data analysis have been expanded in
recent years beyond biomedical and reliability research to other fields,
including longevity of electronic devices, components, or systems
(reliability engineering), length of first marriage (sociology), length of
newspaper or magazine subscription (marketing), health insurance
practice, business, and economics. In recent years, risk and/or prognostic
factors connected to response, survival, and the onset of a disease have all
been identified. (Inger, 2002)

2.1.1: Survival Function
Let T represent an individual's survival length with density f. The
distribution function or cumulative distribution function of T,

F(x) :foxf(u) du and the density function the chances of surviving at a

specific time point are not very well-explained at a given time point.
Instead, the density and distribution functions are employed along with
the survival, hazard, and cumulative hazard functions.
The survival function denotes S(t), is the probability that an individual
will survive past time t: (Ameri, 2015)

St)=p(T=t)=1-F(t) = [ f(x)dx 1
Where :
T is a non-negative random variable denotes the time of occurring an
event. Then, we can express the p.d.f as:

_ 9w _ _%w
f(t) = i 2

And the mean life time denote p is defined as follows:
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w=f"tf(¢) dt. L3
Integrating by parts and taking into account that

%: —f(t) and also S(0)=1 and S()= 0, the mean life time can be re-

expressed as follows (Sawadogo, 2018):
u=["S() dt. 4

2.1.2: Main Goal of Survival Analysis

The main motivation behind the study of survival analysis is the
following:

* Provide an estimation of the survivor and hazard functions

* Compare the survival time between group so find visuals using
significance tests.

« Fitting survival models using the relevant covariates in the data by using
parametric or semi-parametric methods. (Sawadogo, 2018)

2.1.3: Hazard Function

A technique to model the distribution of data in a survival analysis is to
use the hazard function, also known as the force of mortality,
instantaneous failure rate, instantaneous death rate, or age-specific failure
rate. The function's most typical application is to model how an
individual's risk of death changes with age. To model any other
interesting time-dependent event, though, it can be applied. ( Der &
Everitt, 2007)

There are various interesting advantages of the Hazard function. In the
beginning, it states whether the events happen and, if so, when. It is
possible to determine directly the risk of an event happening at a specific
time. Higher risk is implied by higher hazard. Second, the computations
take both censored and uncensored cases into account. Third, unlike Cox
regression, discrete-time survival analysis does not discard information
about variations in the event's timing.

suppose the survival time T is such that t < T, t + §t, then this probability
can be expressed as:

P (t<T < t+ 8¢t|T> 1)

Dividing by the interval length 6t and by evaluating the limit of this
conditional probability at 5t approaches zero, we obtain a rate which
defines the hazard function.

That is, the Hazard is given by:

b prt <T <t+At|T = t)
© = A%r_}no At
C|pr@ ST <t +A)|pr(T = t)
h(t) = lim
At—0 At
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[F(t + At) — F(t)]|At)

h = Alir_r}O S(t)
_OF(t)]at
@ — s(0)
_f®
(t)— E e 5

The Hazard function is also called conditional failure rate. The Hazard
function gives the failure Hazard per unit time during the operation and
plays an important role in the data. Nevertheless, in practice, when there
IS no controlled observation, the hazard function is the percentage of
patients who die per unit time, knowing that they have survived to the
beginning of the period: (Hout, 2017)

h(t) __ number of patients dying per unit time of the interval

number of patients surviving att

2.2: Censoring

In survival analysis, the survival time of an individual is said to be
censored if the event of interest has not been observed for that individual.
This may be due to the fact that the survival data is analyzed at a point in
time when some individuals are still alive. It could also be due to the fact
that some individuals have voluntarily left the experimental or clinical
trial without notice. A survival time could also be considered as censored
if event of interest death for example was due to a cause that is known to
be unrelated to the treatment. Suppose an individual has been recruited
into an experimental study at an initial time t, dies at time t, +t with t
unknown due to the fact that the individual is still alive or due to not
following-up. If the individual was still alive at time t, + ¢, ¢ > 0, then
the time c is called a censored survival time. (Sawadogo, 2018)

o 2.2.1: Type | Censoring: Type | censoring occurs when the
censoring time is fixed and under the control of the investigator. In that
case, even observations that are not censored are said to have a censoring
time. ( Thwah, 2015)

o 2.2.2: Type 11 Censoring: Type Il censoring occurs when
observation is terminated after a predetermined number of events have
occurred.

. 2.2.3: Right Censoring: A survival time is said to be right
censored if the time of the unobserved event of interest is known to be
greater than a fixed time. That is the time of the event of interest is to the
right of the censored time. This type of censoring often occurs when the

-5-



Journal of Statisticians UNion (JASU)..........uuevervsvvcvvvsevscvsvserersssessessssennns Vo7.No1.15/11/2023

study ends without observation of the event of interest for all the
individual in the study.

o 2.2.4: Left Censoring: Left censoring happens when the actual
survival time of an individual is less than some fixed value. This type of
censoring is most likely to occur when you begin observing a sample at a
time when some of the individuals may have already experienced the
event. (Samartzis, 2006)

o 2.2.5: Interval Censoring: is applied to the data in the sense that
some transition periods are not seen but are known to fall within a
particular time interval. The beginning of dementia, for example, is latent,
but when longitudinal data is provided, the onset may be determined to
occur within the time span given by two consecutive observations.
(Harrell, 2017)

o 2.2.6: Random Censoring: censoring occurs when observations
are terminated for reasons that are not under the control of the
investigator. (Sawadogo, 2018)

2.3: The Log Rank Test:

The log-rank test (also known as the Mantel log-rank test, the Cox Mantel
log-rank test, and the Mantel Haenszel test) is one commonly used non-
parametric test for comparing two or more survival distributions of the
patients. This approach is also helpful to identify differences between
groups when the risk of an event is consistently higher for one group than
another.

Setting up the survival time for both the censored and observed times is
the first step in completing this procedure. The log rank test, a one-
degree-of-freedom variant of the Chi-square test distribution (Singh, and
Mukhopadhyay, 2011) calculates a test statistic used for testing a null
hypothesis. The null hypothesis, according to which all groups' survival
curves are identical, was put to the test using the log rank test. (Dakhil, et
al., 2012)

H, : There are no differences between survival curves.
H, : There are differences between survival curves.

nlj

e; = * My +m,; L7
nzj

e, = * (Mq; + My ... 8
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where:

e, - represents the expected number of events in group one.
e,; . represents the expected number of events in group two.
ny; - represents the number of individual at risk in group one.
n,; : represents the number of individual at risk in group two.
m, ; :is the number of failures in group one.

m; :is the number of failures in group two.

Here, the data is separated into J categories, denoted by the j= 1, 2,..., J.
The additional discrepancy between the observed and expected number of
fails in each category ‘is represented by

]
Oi_Ei=z_ (mij—eij) ....9

j=1
with variance

Jj
nqyinyi(mqj+msyi) (nqj+nyji—mqj—msy;)
var(Oi _Ei) = E Y 21( Y 2]) Y2 Y 2J ... 10
j=1

2
(n1j+n2j) (n1j+n2j—1)

Here:

J
E, = z (e1 j), represents the expected number of events in group one,
j=1

J
E, = Z (ezj), represents the expected number of all events in group
j=1

two,

0, :is the observations number in the first group,

0, :is the observations number in the second group,
and J is the end time of the study.

Based on the equations (7, 8, 9 and 10) then the log-rank test method
gives:

(01—E;)? (0,—E;)?

Log-rank test statistic = var(0;1—E1) = var(0,—Ey)

.11

The log-rank test is used to determine whether the survival times between
two groups differ statistically significantly, but it does not examine the
impact of the other independent variables. (Mahdi, 2016)

2.4: Cox Regression Model

The Cox model proposed by Cox (1972) the most popular multivariate
method for examining survival time data in medical researchs. The Cox's
model enables an analysis in which the explanatory variables can take
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either a continuous scale or a categorical form and survival time is
considered as a continuous variable. The Cox model is a technique for
analyzing the impact of several variables on the period of time it takes for
an event to occur. The baseline hazard function and the impact of the
covariates on the hazard are both simple multiplicative factors in the
Cox's model. The definition of the baseline hazard is the hazard function
for that particular person with zero for all factors. Because semi-
parametric models require fewer assumptions than parametric models,
researchers in the medical sciences commonly prefer them. (Singer &
Willett, 1991)

The Cox model can be either one of the following forms: (Fox, 2002)

h;(t,x) = hy(t)ePr¥ut+BpXin  t>0,x=0,1;—0o<x, <0  ...12
Or

hi(t, x) = hy(t) eP™™i. .13
When;

ebr = Y yis .. 14

ho(t)

where regression coefficient B = (B1;, B2is----- ,Bpi)T, i=1 2 ..d
baseline hazard h, (t) is the hazard with the covariates equal to zero (x4;,
X2, Xpi= 0). If we have two patients with the same score on all

covariates except covariate m then
h, (t): denotes the baseline hazard which may vary over time.
x . : denotes the covariate.
B=( By, B2 .-, Bp) refer to the covariate coefficients. (Khawar, 2019)

The fact that the baseline hazard is not stated, nevertheless it is possible
to derive respectably accurate estimates of regression coefficients, hazard
ratios of interests, and modified survival curves for a range of data
scenarios, is a major factor contributing to the Cox model's popularity.
(Kleinbum & Klein, 2012).

Therefore, the survival probability function for Cox ph model can be
formulated as:

S(tlx) = So) exp (Bx), ... 15
Or

S(tIx) = Socp exp (Xh-, BiXi ) ... 16
When;

so(t) =e I ho(x) dx .17

For any two sets of predictors, x and x*, the hazard ratio (HR) IS constant
over time.

h(tlx®) _ ho(t) exp (TR, Brx")
h(tlx) — ho(t) exp(Th_, Bix)

= exp (Zi=1 Br(x™ — x)) ... 18
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2.3.1: The Assumption of Proportional Hazards

Here, some key assumptions can be made.

|. First of those assumptions is that the proportional hazard, needs to be
fixed from one patient to another.

2. The second assumption is that there needs to be a linear relationship
between the natural log of the hazard function and the explanatory
variables.

3. The third assumption is that the explanatory variable, in any case, does
not need to depend on time.

4. Another key assumption that can be made is that statistical
distributions should not be distributed by any response variable involved
in the study.

5. Finally, another assumption is that the rate of hazard needs to increase
in a linear pattern with time. (Collet, 2003)

2.3.2: Estimating the Coefficients in the Cox PH Model

The standard likelihood function cannot be used as we do not have any
knowledge about baseline hazard hy(t), it does not have any specific
form(unspecified), also we do not model the censoring distribution and is
therefore removed out of the formula by Cox. That is why Cox model
likelihood function is called “partial likelihood Function™. Regression
parameter [ for Cox model is obtained by maximizing the partial
likelihood and first we find out the equation for partial likelihood.
Assume that t;=t,, t,,....., t,be the true failure times with one failure at
each time and R(¢;) is the risk set consisting of the subjects under
observation i.e have not been censored or have not failed by time ¢;, j =
1,2,....,p. Then the full likelihood is:

Then the partial likelihood function for the Cox PH model is given by:

k k ,
Ligy = HL. — 1_[ exp(B'x;t;)
W i=1 l i=1 ZkER(t(j)) eXp(B,xktj)

Lo = TTX exp(B1Xi1 +B2Xiz+ - +BrXik)
® — li=1 Z{.‘ﬂe(lei1+32Xi2+”'+BkXik)

(Brxit )
[(B) = log(L¢z))=log [TTi ——
(B) =1 ZkER(t(J)) eXp(lektj)

[(B) = Zizs[ B —log {Zxer exp B'x}]

0 Yker Xiexp B'x;
UB) == B = xi - ,
=56 "B = x5 b,
r_ _ XkerxiexpB'x;
B = x YkerexpB’x;
. 0 _ 0 YkerxiexpB x;
1B = ~l55 UB)] =~ 55 |x — Herreris |

-9-



Journal of Statisticians UNion (JASU)..........uuevervsvvcvvvsevscvsvserersssessessssennns Vo7.No1.15/11/2023

,xi

YkeRrXiXi'exp [XrerxiexpB'xi] [Xrer xi’expB’xi]
1) = Yker expB'i (Zker exp[s”‘i)2 ] -+ 20
Equation (20) also known as minus the Hessian Matrix is used to produce
the standard errors for the regression coefficients. After we obtain
maximum partial likelihood estimator. then asymptotically,

B~N (B I7M(B))

where I71(B) is the inverse of information matrix at p = B and B,is a true
value. This approximate distribution is used to construct confidence
interval and test the hypothesis Hy: B = 85, (Cameron & Trivedi, 2012).

3. Results and Discussions:

This section includes an applied analysis of survival data for patients with
brain cancer using (log rank test and Cox proportional hazard model) to
identify the factors affecting on the patient using statistical programs for
analyzing the data (SPSS V. 25. and STATA V. 16).

3.1 Data Collection

The data used in this research was obtained from the official database of
the Nanakali Main Hospital for Cancer in the Kurdistan Region of Iraq -
Erbil, where these data were collected by patients through direct contact
between the specialist doctor and patients. In this study. Data were
collected during (6) years. Starting from January 1, 2016 until December
31, 2021 for all brain cancer patients. During the study period (274)
patients died and (53) survived under censored, with a follow-up period
until July 31, 2022, the survival time was measured in months and the
data contained (10) variables shown below:

-10-
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Table 1 The Response Variables Measured for these patients at

Diagnosis

Variable

Name

Categorization

No.

Gender

Gender

Female = (1)
Male = (2)

181
146

Morphology

Morphology
is the study
of the size,
shape, and
structure of

cancer.

Neoplasm = (1)

Germinoma = (2)

Germ cell tumor = (3)
Hemangioblastoma = (4)

Ewing sarcoma = (5)

Glioma = (6)

Mixed glioma = (7)

Ependymoma = (8)

Ependymoma, anaplastic = (9)
Astrocytoma = (10)

Astrocytoma, anaplastic = (11)
Gametocytes astrocytoma = (12)
Fibrillary astrocytoma = (13)

Pilocytic astrocytoma = (14)
Pleomorphic xanthoastrocytoma = (15)
Glioblastoma = (16)

Giant cell glioblastoma = (17)
Gliosarcoma = (18)

Oligodendroglioma = (19)
Oligodendroglioma, anaplastic = (20)
Oligodendroblastoma = (21)
Medulloblastoma = (22)

Desmoplastic nodular medulloblastoma = (23)
Primitive neuroectodermal tumor = (24)
Large cell medulloblastoma = (25)
Cerebellar sarcoma = (26)

Central neurocytoma = (27)

Atypical teratoid/rhabdoid tumor = (28)
Meningioma = (29)

Meningothelial meningioma = (30)
Transitional meningioma = (31)
Neurinomatosis = (32)

Malignant lymphoma = (33)

Malignant lymphoma, non-Hodgkin = (34)
Hodgkin lymphoma = (35)

Malignant lymphoma, large B-cell, diffuse =
(36)

[EEN
N

N = - A =
NOWRRPPARWRPWORNMINOOGRWNUOIORUO SDHUITONG R WERENDN

Behavior

Behavior of
stomach
cancer is the
ability to
grow, invade
other areas.

Benign = (1)
Uncertain = (2)
Malignant = (3)

10
10
307
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grade descri _ 12
bes how Grade | __(1) 66
Grade Il = (2)
normal or _ 99
Grade I11 =(3)
Grade abnormal _ 185
Grade IV = (4)
cancer cells _ 2
B-Cell = (5)
look under a & 29
: Un known = (6)
microscope
Localized = (1) 52
extent Regional by direct extension = (2) 101
Means Regional lymph nodes = (3) 46
L tumor Regional direct extension and lymph nodes = 1
xtent .
extention be | (4) 2
yond limits | Distant metastasis = (5) 8
of organ of | Not applicable = (6) 117
origin. Un known = (7)
Surgical
operations to _ 304
Surgery remove Made surgery = (1) _ 23
Does not make surgery = (2)
cancerous
tumors.
Radiotherap | radiotherap | 1ok Radiotherapy= (1) 242
y y of patient. | poes not take Radiotherapy = (2) 85
Chemothera Chemothera Injected Chemotherapy = (1) 211
py Py c_)f Does not inject Chemotherapy = (2) 116
patient.
1-10=1 gg
11-20=2 39
Age of 21-30 - 3 47
. 31-40=4
patient at _ 68
. 41-50=5
Age-groups | time of _ 52
diagnosis 51-60=6 39
61-70=7 15
71-80=8 5
81-90=9 1
91-100=10

3.2: Log Rank Test
The non-parametric log rank test compares two or more independent
estimated time to event curves based on censored data. The log rank test
is testing the null hypothesis that there is no difference in the overall
survival distributions between the groups in the population.
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Table 2 the Results of Log Rank Test for Brain Cancer

Overall Comparisons

Log Rank (Mantel-Cox) Chi-Square Df |P-value
Gender 0.935 1 0.334
Morphology 142.431 35 0.000
Behavior 16.682 2 0.000
Grade 6.831 5 0.234
Extent 14.579 6 0.024
Surgery 0.121 1 0.728
Radiotherapy 4.557 1 0.033
Chemotherapy 5.412 1 0.020
Age-group 35.746 9 0.000

Test of equality of survival distributions for the different levels
of (Gender, Morphology, Behavior, Grade, Extent, Surgery,

Radiotherapy, Chemotherapy, Age-group)

In the table 3.3 the P-value of the log-rank tests of (gender, Grade,
Surgery) greater than 0.05, this means that we accept the null hypothesis.
It means that; statistically, the survival curves of the (gender, Grade,
Surgery) do not differ.

Morphology: The P-value for the log-rank test is less than 0.05. We
therefore reject the null hypothesis. That is there is a significant difference
in survival probability between the type groups of morphology Brain
cancer.

Behavior: The P-value for the log-rank test is equal to 0.000, or less than
0.05, therefore; we reject the null hypothesis and it means that there is
difference in survival between t the three groups of Behavior in Brain
cancer.

Extent: The results in table indicates that the P-value is less than 0.05,
and this means that we reject the null hypothesis. That is there is a
significant difference in survival probability between the seven groups of
Extent Brain cancer.

Radiotherapy, Chemotherapy: The P-value for the log-rank test both of
them less than 0.05, therefore; we reject the null hypothesis and it means
that there is difference in survival between the patients who underwent
(Radiotherapy or chemotherapy) and those without it, i.e. the patient who
took (Radiotherapy or chemotherapy) has an increased chance of
survival.

Age-group: The p-value is 0.000 < 0.05 we reject the null hypothesis,
which indicates that there is a significant difference between the classes
of age.
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3.3 Application of Cox-Proportional Hazard Model
The model building process of Cox-Proportional Hazard Model in this
study occurs in nine variables (Gender, Morphology, Behavior, Grade,
Extent, Surgery, Radio, Chemotherapy and Age group)

Table 3 Case Processing Summary in Cox-PH Available in Analysis
Case Processing Summary

N Percent
Cases available in analysis |Event® 274 83.8%
Censored 53 16.2%
Total 327 100.0%

a. Dependent Variable: time

Table 2 shows the case processing summary in Cox PH available in the
analysis that determines whether the event occurred for a specific case or
not, the number of cases available in the event analysis is 327 cases, the
analysis shows that there are 274 deaths, 83.8% are event data and 53
cases, 16.2%, is the number of patients who are still alive under
observation.

Omnibus tests are a type of statistical test for all variables, sometimes
called the chi-square test. It is a statistical test carried out on a general
hypothesis that tends to find general significance between the variance of
parameters. The hypothesis is:

H,: The model includes explanatory variables.
H,: The model not includes explanatory variables.

Table 4 Omnibus Tests of Model Coefficients

Overall (score) Change From Previous | Change From Previous

-2 Log Step Block
Likelihood| Chi- P- Chi- P- . P-
Square ol Value| Square aal Value ClrFegele| Value
2764.795 | 46.301 | 9 |0.000| 46.932 9 |0.000 | 46.932 9 ] 0.000

Table 3 shows that the value of chi-square = 46.301 at the degree of
freedom of 9 and the P-Value 0.000, which means that the statistical
model is statistically significant, which indicates that the variables in the
model have importance and effect. Thus, we accept the null hypothesis,
which states that the explanatory variables are included in the statistical
model.

-14-




Journal of Statisticians UNion (JASU)..........uuevervsvvcvvvsevscvsvserersssessessssennns Vo7.No1.15/11/2023

Table 5 Variables in the Equation for Cox Regression

Variables in the Equation

99.0% Cl for]

X B S.E |Wald| Df |P-Value|Exp(B) Exp(B)

Lower |Upper
Gender -0.086] 0.125 0.472] 1 0.492 0.918 0.665 1.267
Morphology  [-0.001] 0.000 6.380] 1 0.009 0.999 0.998 1.000
Behavior 0.452] 0.147] 9.517] 1 0.002] 1.572] 1.077 2.293
IGrade 0.006] 0.035 0.025 1 0.875 1.006 0.918 1.102
Extent 0.022] 0.018 1.439 1 0.230 1.022] 0.975 1.072
Surgery -0.034 0.232] 0.021] 1 0.884 0.967] 0.531 1.759
Radiotherapy |[-0.155 0.189 0.671] 1 0.413 0.857] 0.526 1.394
Chemotherapy |-0.071] 0.171] 0.172] 1 0.678 0.932] 0.600 1.447
Age (Binned) | 0.129] 0.031/16.783 1 0.000] 1.138] 1.049 1.234

Table 4 shows estimates of the model's coefficients, standard error and
degree of freedom, in addition to Wald's test. It also shows the covariates
within the model that have no effect or effect by comparing the value of
the covariate with the other categories for each of the variables using Exp
(B) are called hazard ratios (HR), shows that the event hazard increases as
the value of the ith covariate increases, and therefore the duration of
survival decreases., if it is equal one, that is, there is no effect on the
event,

in summarize:

> HR = 1: No effect

> HR < 1: decrease in the hazard

> HR > 1: Increase in Hazard

According to our data from the table 4 there is only three significant
covariates in the model, we explain each of them and their effects on
patients with stomach cancer as follows:

- Morphology is considered as one of the variables that have an
impact on increasing the event risk of the patient's survival, a value of
Exp(B) = 0.999, which is decrease in the risk of death for to the patient
and p-value = 0.000 which indicates a statistically significant effect on
the brain cancer patient.

. behavior variable is considered a factor in increasing the survival
of the patient with brain cancer with a value of Exp(B) = 1.572.
furthermore, the significant of P-value = 0.002 less than 0.01, this
indicates that the variable is statistically significant.

- Another significant factor in the model is age. The estimated risk in
the age group is Exp(B) = 1.138, which is an increase in the risk of death
for patients. the p-value is 0.000 which is is statistically significant.
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" Gender, Grade, Extent, Surgery, Radiotherapy and Chemotherapy
are not significant factors because their p-value are greater than (0.01).
Then the Cox-PH model with significant factor as follows:

h;(t) = hy(t) exp(—0.001 Morphplogy + 0.452 Behavior

+ 0.129 age)

4. Conclusions
After studying the data on brain cancer in Erbil city and from the results
in the
practical part, the following conclusions have been reached:
1. The result of the log rank test which is used for testing the null
hypothesis that there is no difference in the overall survival probability
between the groups showed that; for the gender variable there is no
significant difference in survival probability between male and female
patients. The log rank test gives statistically significant result for survival
distributions of different levels of Morphology and behavior of brain
cancer., while statistically, the survival curves of the surgery and Extent
groups do not differ. And for different levels of Radiotherapy the results
indicated that there is a significant difference in survival between them.
2. The Omnibus test of model effects for Cox models have demonstrated
that the model fits the chosen variables however when their p- values are
smaller than (0.01), which means that the model is statistically
significant, which indicates that the variables in the model have
importance and effect.
3. According to the results of the cox model, by the value of P-Value of
the Wald Chi square test, the most significant variables that have an
impact on brain cancer disease are (Morphology, Behavior and Age

group).
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The basic idea of this study focused on using of some advanced statistical
methods for studding the most important factors affecting the Covid19 in
Erbil city.

Utilizing Relative Risk Ratio (RRR) to compare the efficiency of the
different affecting factor parameters in males and females. Using Kaplan
Meier estimator to estimate the mean and median survival time data for
all affecting factors to comparing the levels of treatment. Using
Exponential parametric survival model for modeling and estimating
affecting factor parameters of Covid19 patient’s. The data set of this
study was obtained from Arzheen private hospital in Erbil city. The
results indicated that, all the death cases that have been recorded have had
a high blood inflammation and a high D Dimer. Moreover, the results for
our data indicated that the Chronic diseases are the most important factors
affecting the Covid19 survival patients in the Exponential parametric
survival model.

Key words: Survival Analysis, Relative Risk Ratio, Kaplan Meier,
Covid19, parametric survival model.
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1. Introduction

survival analysis is a statistical approach for data analysis where the
outcome variable of interest is the time until the occurrence of an event,
often referred to as a failure time or survival time. In a variety of
disciplines, including engineering and medicine, survival analysis is
applied. In pharmacological studies, the time to death is modeled, while
in engineering, the time to mechanical system failure is studied.(
EKMAN, 2017).

In clinical research, the survival time is employed. Depending on the
sector of application, survival time may also be referred to as time to
event, life time, duration time, or failure time. These techniques are
widely used in a variety of fields, including public health, epidemiology,
the social sciences, economics, and engineering, in addition to medical
research. In terms of theory, methodology, and application, the survival
data analysis has seen rapid developments. (LAWLESS, 2003).

2. Background Information
This section reviews the foundation of survival data analysis with an
essential issue in health, which is covid-19 disease including the
fundamental concepts and basic methods in modeling survival data, some
of the key ideas and elements which form the foundation of this research;
Kaplan-Meier, Relative Risk.

2.1: Covid-19 disease

Covid-19 is the disease caused by the emerging coronavirus called
SARS-CoV-2. This novel virus was first detected by who on December
31, 2019, after a cluster of cases of viral pneumonia were reported in
Wuhan, People's Republic of China.

Coronaviruses are a widespread family known to cause illnesses ranging
from the common cold to more severe illnesses such as Middle East
Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome
(SARS).
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The most common symptoms of covid-19 are: Fever, dry cough, stress.
Other less common symptoms that may affect some patients include: loss
of taste and smell, Nasal congestion, conjunctivitis, Sore throat,
headache, muscle or joint pain, various rash patterns, nausea or vomiting,
diarrhea, tremors or dizziness.

Other less common symptoms include: irritability, confusion, decreased
level of consciousness (sometimes associated with seizures), anxiety,
depression, sleep disorders, more severe, severe and rare neurological
complications such as strokes, encephalitis, delirium and nerve damage.
(WHO, 2019)

2.2: Survival analysis
In the past few decades, applications of the statistical techniques for
survival data analysis have expanded beyond biomedical research to other
fields like criminology, sociology, marketing, institutional research, and
health insurance practice. Previously, survival analysis was only
associated with the investigation of mortality rates. The first life table was
created by John Graunt in 1662. Survival analyses have been used for
data involving time until a given event, such as death, the development of
an illness, or relapse of a condition.( CAMILLERI, 2019)
The duration of a subject's survival from one point to another is measured
by their survival time. The concept of survival need not be taken literally.
Here, survival indicates that a person is in a situation that corresponds to
the default situation. The situation won't change until an interesting thing
happens. Failure is the important occurrence that signifies the end of the
time of survival. Failure usually involves dying or going through a bad
experience. Failure, however, can sometimes have a beneficial outcome,
such a disease remission. Failure may also be known as the event or, or
death when death represents the failure. (PINTO, 2015)
2.3: Survival Function
Survival analysis deals with the implementation of certain statistical
techniques to model and analyses survival time data. The probability
density function (pdf) denoted by, f(t) which can be written as: ( LEE &
WANG, 2003)

dF(t)

f@® = w1

and Cumulative Distribution Function (C.D.F.) denoted by F(t) describes
the probability the time to event (T) is smaller or equal compared to a
fixed time (t) and is given as:

FO=pT <1 .2
From this, the survival function, the probability the time to event (T) is
larger compared to a fixed time (t), can be derived as:
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SM=Pr(T > t)=["fwdu=1-Fr), t=0 ..3
Which means, the probability that an individual survives beyond time (t).

Note that the survival function S(t) is a monotonic non-creasing
continuous function with S(t) =1 and S(e0) = tlimS(t) = 0. (DACWEN,

2002)

2.4: Hazard Function
That represents an individual the probability condition of death at time t
after survival time, the hazard function that is denoted by h(t), can be

written as:

. pE<T+At|T>t)
h(t) = limy,_, — .. 4

Representing the probability that an individual fails within a small

interval (t,t + At), given that the individual survived to the beginning of

the interval.

That relationship between s(t) and h(t) is shown as:
o - SO _fO_—dlogs®)

1-F(t) St dt

f(t) is the density function which is the fraction of the original group for

whom the event occurs during the time interval at t adjusted for the width

of the time interval ( LAWLESS , 2002)

2.5: Relative risk ratio (RRR)

Relative Risk (RR) is the most widely used measures of association in
diseases. The direct computation of relative risks is feasible if meaningful
prevalence or incidences are available, disease data may serve to calculate
relative risks from prevalence (STARE & BOULCH, 2016)

Relative Risk is the ratio of the probability of an outcome in an exposed
group to the probability of an outcome in an unexposed group, relative
risk measures the association between exposure and outcome along with
the risk difference and odds ratio.

In the population under study, relative risk refers to a ratio between
individuals of the population who express the trait of interest (e.g.
disease), with attention for whether or not those members have previously
been exposed to a relative risk ( MORRIS, & GARDNER, 1988)

2.7: Kaplan-Meier estimator

Kaplan Meier is obtained out from name of two statisticians, Edward L.
Kaplan and Paul Meier, who worked together and released a paper on
how to deal with timings to event data in 1958. As a result, they
developed the Kaplan-Meier estimator, a method for calculating the
frequency or total number of people who survive medical treatment.
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Additionally, estimates of survival data and Kaplan-Meier curves have
improved data analysis in cohort studies. (ABUBAKAR & ALKASSIM,
2017).

Let t; <t, < -+ <t be the ordered observed survival times from a
sample size n individual. And let r; be the number of individuals who are

at risk of failure time ¢t = ¢;, and d; the number of individuals who
experience the event at time t = t; and ¢; the number of individuals with
censoring times in (t;, tj+4), where j =0,1,...,k,t, = 0and t;,4 = oo,
it's clear in this setting that r; = d; + ¢; + dj 1 + ¢jyq + -+ di + ¢,
the Kaplan-Meier estimator of the survival function is given by
(LAWLESS, 2003).

KM(t) = 8(t,) = 1_[ (1 — %) .6

tj<t J
Where:
rj: The number of individuals alive at the start of the interval.
d;:The number of individuals who died. Is the following.
This mean that the conditional probability of the occurrence of an event at
each observed time ¢t; (i.e.,d;/7;). Remember that if a censoring time and
a lifetime are recorded as equal, the general convention is to consider the

censoring time as being infinitesimally greater in the definition of S(t).
(OBED & MAWLOOD, 2019)

2.8: Parametric distribution for time to event
Survival analysis deals with the analysis of times to events, or lifetimes.
Parametric models are used to represent the distributions of lifetimes, and
their relationship to explanatory variables, or covariates, parametric
models such as the exponential distribution, Weibull distribution, and
lognormal distribution, Log-logistic distribution and associated methods
of inference. Parametric regression analysis using linear models for log
lifetimes (Accelerated failure time models) is described and illustrated
(LAWLESS, 2003).
The accelerated failure time model (AFT model) is a parametric model
that provides an alternative to the commonly used proportional hazards
models. Whereas a proportional hazards model assumes that the effect of
a covariate is to multiply the hazard by some constant, an AFT model
assumes that the effect of a covariate is to accelerate or decelerate the life
course of a disease by some constant. (LEE & GO, 1997)
Fori=1,..,nletT; be the failure time for the ith subject and let X; be
the associated p-vector of covariates. The accelerated failure time model
specifies that

LogT; = By + B1X, + -+ BpXp + ¢; w7
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where B, is a p-vector of unknown regression parameters and ¢;
(i =1, ...,n) are independent error terms with a common, but completely
unspecified, distribution. (Qi, 2009). the exponential AFT model was
class included in this research.

2.8.1: Exponential Distribution
The exponential distribution is the simplest model for lifetime data. It has
only one parameter and therefore, not flexible enough to describe
commonly encountered hazard shapes for time-to-event data. The
exponential distribution has since continued to play a role in lifetime
studies analogous to that of the normal distribution in other areas of
statistics ( LEE & WANG, 2003).
When the survival time T follows the exponential distribution with a
parameter A, the probability density function (pdf) denoted by f(t), is
defined as

f(t) = Aexp(—At) ..8
The cumulative distribution function is

F()=1l-exp(—At) t=o0 .. 9

and the survival function denoted by S (t) is then

S (t) = exp(—At) t>0 ..10
So that, the hazard function denoted by h(t) is defined as
h(t) =2 t>0 11

for t > 0, where 4 > 0 is the scale parameter (the rate parameter % ); a large

value of A indicates high risk and short survival, whereas a small value
indicates low risk and long survival. The distribution with A = 1 is called
the standard exponential distribution. Since the hazard rate is constant,
the exponential distribution frequently found to be inadequate to describe
time-to-event data. This makes the applicability of this distribution fairly
limited (LIU, 2012).

3. Results and Discussions:

Is in this section Relative Risk used to compare the efficiency of the
different affecting factor parameters in males and females, the mean and
median survival time estimated for all affecting factors to comparing the
levels of treatment using Kaplan Meier estimator. Exponential parametric
survival model used for modeling and estimating affecting factor
parameters of Covidl9 patient’s. The following programs were used to
analyze the data:

1.Mat-lab. 2. Stata. 3.STATGRAPHICS.
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3.1 Data Collection

The data for this study of covid-19 have been collected from Arzheen
private hospital in Erbil city. The data consisted of 350 cases for all
patients with covid-19 who were registries and treated at Arzheen private
hospital, corona department, during 1st September 2020 through 30th
June 2021, of those patients 44 died during the study and 306 survivals
alive. The survival time are measured in days from the first day that
patient admitted to hospital to the date of death or the last visit to the
hospital

The following covariate were included as prognostic factors in the study
had been collected for all patient:

The patient related variables (Age, Gender, Smoker).

Clinical related variables (Peripheral oxygen saturation (SPO2), White
blood cell (WBC), Lymphocyte, Monocyte, Hemoglobin (Hb), Red blood
cell (RBC), Platelet (PLT), C reactive protein (CRP), Ferritin, Lactate
dehydrogenase (LDH), Heart beat (HR), Blood Pressure, D Dimer).
Chronic diseases (Hypertension, Diabetes mellitus, Chronic lung disease,
Cardiovascular disease).

Dependent variable, this is the outcome of treatment of a patient enrolled
at a corona department in Arzheen hospital, these outcomes were either
died or completed treatment and survival alive. Specific variables used
and their categorization is shown in table 1 below.

Table 1 variable categorization

N No. of Alive No. of
Variable names | Categorization Death
<=18 2 (0.6%0) 2 0
19 - 39 61 (17.4%) 56 5
Age grouped 40 - 59 163 (46.6%) 138 25
60- 79 121 (34.6%0) 107 14
80+ 3(0.9%) 3 0
Gender 1=male 196 (56%0) 174 22
2=female 154 (44%) 132 22
Smoker O0=non-smoker | 261 (74.6%) 241 20
1=smoker 89 (25.4%) 65 24
1=Low 232 (66.3%) 193 39
SPO; 2=Normal 118 (33.7%) 113 5
3=High 0 (0%) 0 0
1=Low 9 (2.6%) 4 5
WBC 2=Normal 192 (54.9%) 183 9
3=High 149 (42.6%0) 119 30
1=Low 137 (39.1%) 117 20
Lymphocyte 2=Normal 213 (60.9%0) 189 24
3=High 0 (0%) 0 0
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1=Low 13 (3.7%) 7 6
Monocyte 2=Normal 332 (94.9%) 296 36
3=High 5 (1.4%) 3 2
1=Low 341 (97.4%) 297 44
Hb 2=Normal 8 (2.3%) 8 0
3=High 1 (0.3%0) 1 0
1=Low 103 (29.4%0) 91 12
RBC 2=Normal 195 (55.7%) 164 31
3=High 52 (14.9%0) 51 1
1=Low 15 (4.3%) 8 7
PLT 2=Normal 333 (95.1%) 296 37
3=High 2 (0.6%0) 2 0
CRP 1=Normal 3 (0.9%) 3 0
2=High 347 (99.1%) 303 44
1=Low 12 (3.4%) 12 0
Ferritin 2=Normal 100 (28.6%0) 99 1
3=High 238 (68%0) 195 43
1=Low 27 (7.7%) 27 0
LDH 2=Normal 93 (26.6%0) 85 8
3=High 230 (65.7%0) 194 36
1=Low 55 (15.7%) 50 5
HR 2=Normal 73 (20.9%0) 67 6
3=High 222 (63.4%) 189 33
1=Low 122 (34.9%0) 109 13
Blood Pressure 2=Normal 213 (60.9%0) 188 25
3=High 15 (4.3%) 9 6
D Dimer 1=Normal 116 (33.1%0) 116 0
2=High 234 (66.9%) 190 44
hypertension 0=No 146 (41.7%) 132 14
1=Yes 204 (58.3%) 174 30
: : 0=No 214 (61.1%) 195 19
R 1 s 135 (38.9%) | 110 25
chronic lung 0=No 206 (58.9%0) 192 14
disease 1=Yes 144 (41.1%) 114 30
cardiovascular 0=No 290 (82.9%0) 265 25
disease 1=Yes 60 (17.1%) 41 19
0= Alive 306 (87.4%)
Status (censored) 44 (12.6%)
1= Death
The number of
Treatment days of
Duration treatment
duration

Table 1 shows the age of diagnosis ranged from 15 to 85years, most of
the patients (46.6%) were at the age group of 40 to 59, out of a total of
163 cases including 25 patients died and 138 cases remained alive.
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A total of 196 patients (56%) were male and 154 patients (44%) were
female. Of the 350 patients with covid-19, elevated (SPO2 and
Lymphocyte) not observed, most of the patients had low SPO2 (66.3%),
and 39 patients with low SPO2 are dead out of 44 cases. Higher death
rate observed in patients with high WBC (42.6%). Only 3 patients were
recorded to have normal CRP and non-of them had died from the disease,
all the death cases that have been recorded have had high blood
inflammation, which means CRP elevated in patients with covid-19. In
addition, our result showed that elevated Ferritin observed in 238 patients
(68%), 230 (65%) had elevated LDH while 222 (63.4%) had elevated
HR. In total of 44 death cases in the study 43 of them had elevated
Ferritin, 36 had elevated LDH and 33 had abnormally high HR. Patients
that had a normal blood pressure were 213 patients (60.9%) and 25 are
died out of 44 cases.

Out of 350 patients 333 patients (95.1%) had a normal PLT and 37
patients of them are died. Regarding HR and D Dimer the results show all
the dead cases were 44 patients all had low Hb and high D Dimer. The
results show that all the dead cases that were 44 patients all had a high D
Dimer in a total of 234 patients (66.9%). The result shows that 261
patients (74.6%) are non-smokers and 89 patients (25.4%) were smokers
and 24 patients that died were smokers. the cases that had high
hypertension were 204 patients (58.3%) and 30 of them are died. It seems
like 25 patients that died had diabetes in a total of 135 patients (38.9%).
The patients that had chronic lung diseases were 144 patients (41.1%) and
30 patients have died in total of 44 dead cases. The majority of the
patients that had cardiovascular disease were 290 patients (82.94%) and
25 patients died out of them.

3.2 Application of Relative Risk Ratio

Relative risk ratio (calculated for male versus female (M / F)) shown in
table (2, 3, 4) expresses which gender is at higher risk of having covid-19
for different levels of all covariates were included in the study.
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Table 2 Relative Risk Ratio for (Age, Smoker)

Variable Categorization Gender R_elative
names Male Female Risk (M/F)
<=18 1 (50%) 1 (50%) 0.786
19 — 39 33 (54.1%) 28 (45.9%) | 0.926
Age grouped | 40 —59 89 (54.6%) 74 (45.4%) | 0.945
60- 79 71 (58.7%) 50 (41.3%) | 1.116
80+ 2 (66.7%) 1(33.3%) [1571
0=non-smoker 137 (52.5%0) 124 0.868
Smoker (47.5%)
1=smoker 59 (66.3%) 30 (33.7%) | 1.545

Our result showed that incidence of covid-19 among female was higher
than male up to age 60, and 60 or older males were at a higher risk to
have covid-19. In smoker variable males had a higher risk than female by
relative of (1.545) it means that smoker meals (1.5) times more likely to
be diseased, and for the non-smoker patients female are at higher risk.
Table 3 Relative Risk Ratio of (M/F) for clinical related variables

Variabl o ati Gender Relative
ariable names ategorization Male Female Risk (M/F)
1=L ow 127 (54.7%) 105 0.950
SPO (45.3%)

2 2=Normal 69 (58.5%0) 49 (41.5%) | 1.106
3=High 0 (0%) 0 (0%) 0
1=Low 8 (88.9%0) 1(11.1%) |6.286

WEBC 2=Normal 109 (56.8%0) 83 (43.2%) | 1.032
0, [0)
3=High 79 (53%) 70 (47%) 0.887
1=Low 78 (56.9%0) 59 (43.1%) | 1.039
Lymphocyte 2=Normal 118 (55.4%0) 95 (44.6%) | 0.976
3=High 0 (0%) 0 (0%) 0
1=Low 11(84.6%0) 2 (15.4%) |4.321
_ 184 (55.4%) 148 0.977
Monocyte 2=Normal (44.6%)
3=High 1 (20%) 4 (80%0) 0.196
1=L ow 193 (56.6%0) 148 1.025
Hb B (43.4%)
2=Normal 3 (37.5%) 5(62.5%) |0.471
3=High 0 (0%) 1 (100%) 0
1=Low 78 (75.7%) 25 (24.3%) | 2.451
RBC 2=Normal 96 (49.2%) 99 (50.8%) | 0.762
3=High 22 (42.3%) 30 (57.7%) | 0.576
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1=Low 10 (66.7%) 5(33.3%) |1.571
184 (55.3% 149 0.97
PLT 2=Normal ( ) (44.79%)
3=High 2 (100%0) 0 (0%) 0
1=Normal 2 (66.7%0) 1(33.3%) |[1.571
CRP : 194 (55.9% 153 0.996
2=High ( ) (44.19%)
1=Low 7 (58.3%) 5(41.7%) |11
Eerritin 2=Normal 72 (72%) 28 (28%) 2.02
3=High 117 (49.2%) 121 0.759
(50.8%0)
1=Low 17 (63%) 10 (37%) 1.336
LDH 2=Normal 43 (46.2%) 50 (53.8%0) | 0.676
3=High 136 (59.1%) 94 (40.9%) | 1.137
1=Low 28 (50.9%) 27 (49.1%) | 0.815
HR 2=Normal 42 (57.5%) 31 (42.5%) | 1.065
3=High 126 (56.8%0) 96 (43.2%) | 1.031
1=Low 61 (50%) 61 (50%) |0.786
Blood Pressure | 2=Normal 126 (59.2%) 87 (40.8%) | 1.138
3=High 9 (60%0) 6 (40%0) 1.179
1=Normal 67 (57.8%) 49 (42.2%) | 1.074
D Dimer : 129 (55.1% 105 0.965
2=High (%5:1%) (44.9%)

Our data showed that females had a higher risk compared to males when
they had low SPO2, and patients who had a normal SPO2 males are
slightly in a higher risk than females. The patients that had a normal or
low WBC males are at a higher risk to have covid-19. However, the
patients that had a low Monocyte male were more than 4 times at a higher
risk but higher risk had observed in females for normal and high
Monocyte. Higher risk rate was observed in males’ patients with low
(lymphocyte, Hb and PLT).

Females have a higher risk when they have a high or normal RBC but
males are in a higher risk by 2.5 times than females when their RBC were
low. It shows that the patients that had a normal (D Dimer and CRP)
males are in more risk than females but when the (D Dimer and CRP)
where high females were at more risk. The results show that females are
in more risk by a relative of (0.759) compared to males when their ferritin
was high. It is clear that the patients that have a low or high LDH females
are at a lower risk to getting covid-19. In both (HR and blood pressure)
variables males are at a higher risk when their HR and blood pressure is
high or normal.
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Table 4 Relative Risk Ratio of (M/F) for Chronic diseases

Variable names | Categorization Gender R_elatlve
Male Female Risk (M/F)

Hypertension 0=No 78 (53.4%) 68 (46.6%0) 0.901
1=Yes 118 (57.8%) 86 (42.2%) 1.078
. : 0=No 117 (54.7% 97 (45.3% 0.948
Diabetes mellitus =~y ¢ 79 (5(8.1%)) 57 E41.9%; 1.089
Chronic lung 0=No 123 (59.7%) 83 (40.3%0) 1.164
disease 1=Yes 73 (50.7%0) 71 (49.3%) 0.808
Cardiovascular | 0=No 164 (56.6%0) 126 (43.4%) 1.023
disease 1=Yes 32 (53.3%) 28 (46.7%) 0.898

It is clear that for patient (Hypertension and Diabetes) diseases that meals
are at higher risk than females to have covid-19. Higher risk rates have
been noted in females related to meals to have covid-19 for patients with
Chronic lung disease and Cardiovascular disease.

3.4: Kaplan-Meier Test

The Kaplan-Meier process is a nonparametric technique for
estimating one of the better criteria for estimating the number of patients
that live for a particular period of time after treatments. The effect of an
intervention is measured in clinical trials or community trials by
estimating the number of individuals who survived or were saved after
the intervention over a period of time, this can be measured for two
independent groups, as well as the statistical difference in survival time
between them. When comparing two different study populations, this can
be used in this research. The result of KM test applied to data set 350
cases for the (Gender, Smoker, SPO,, Blood Pressure, Hypertension,
Diabetes mellitus, Chronic lung disease, Cardiovascular disease)
variables show in tables (5, 6, 7, 8, 9, 10, 11, 12).

Table 5 the Means for Survival Time for (Gender) in each group
Means for Survival Time

95% Confidence Interval
Estimate | Std. Error Lower Bound Upper Bound
M 39.482 7.093 25.579 53.384
IFM 33.901 5.196 23.716 44.085
lOverall 35.892 4473 27.124 44.660

Table 5 gives the estimated mean time to death for male is greater than
female which the estimated mean of the survival times to death for male
IS (39.482) and for female is (33.901) with the confidence interval
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(25.579, 53.384) for male and (23.716, 44.085) for female under
probability 95%.

Table 6 the Means for Survival Time for (smoker) in each group
Means for Survival Time

95% Confidence Interval

Estimate | Std. Error | Lower Bound Upper Bound
non-smoker 29.670 1.840 26.064 33.276
Smoker 34.174 5.743 22.918 45.431
Overall 35.892 4.473 27.124 44.660

Table 6 showed that the estimated mean time until death for non-smoker
is less than smoker which the estimated mean time until death for smoker
equal to (34.174) days with the confidence interval (22.918, 45.431) and
the estimated mean time until death for non-smoker equal to (29.670)

with the confidence interval (26.064, 33.276) under probability 95%.

Table 7 the Means for Survival Time for (SPO,) in each group

Means for Survival Time

95% Confidence Interval
Estimate Std. Error Lower Bound Upper Bound
Low 34.008 4.652 24.889 43.126
INormal 32.523 1.657 29.276 35.770
loverall 35.892 4.473 27.124 44.660

Table 7 shows that the estimated mean time to death for low SPO, is
(34.008) days while for normal SPO, is (32.523) days with confidence

interval (24.889, 43.126) for low SPO,, (29.276, 35.770) for normal SPO,
under probability 95%.

Table 8 the Means for Survival Time for (Blood Pressure) in each
group

Means for Survival Time
95% Confidence Interval
Estimate | Std. Error Lower Bound Upper Bound
Low 27.233 1.789 23.726 30.740
INormal 41.021 7.301 26.712 55.330
IHigh 35.416 10.973 13.908 56.923
lOverall 35.892 4473 27.124 44.660

Table 8 displays the estimated mean time until death for normal Blood
Pressure is (41.021) days which is the largest, while for low Blood
Pressure is (27.233) days and for high Blood Pressure is (35.416) days
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with confidence interval (26.712, 55.330) for normal, (23.726, 30.740)
for low and (13.908, 56.923) for high under probability 95%.

Table 9 the Means for Survival Time for (Hypertension) in each
group

Means for Survival Time

. 95% Confidence Interval

Estimate Std. Error Lower Bound Upper Bound
No 25.708 1.849 22.085 29.331
Yes 38.272 5.368 27.750 48.794
Overall 35.892 4.473 27.124 44.660

Table 9 explains the estimated mean time until death for patients who do
not have Hypertension is less than who have Hypertension which the
estimated mean time until death for have Hypertension equal to (38.272)
days with the confidence interval (27.750, 48.794) while who do not have
Hypertension equal to (25.708) days with the confidence interval (22.085,
29.331) under probability 95%.

Table 10 the Means for Survival Time for (Diabetes mellitus) in each
group
Means for Survival Time

. 95% Confidence Interval

Estimate |Std. Error Lower Bound Upper Bound
No 28.662 1.856 25.025 32.299
Yes 36.479 5.778 25.155 47.804
Overall 35.892 4.473 27.124 44.660

From table 10 It is clear that the estimated mean time until death for
patients who have Diabetes mellitus is greater than who do not have
Diabetes mellitus which the estimated mean time until death for have
Diabetes mellitus equal to (36.479) days while who do not have Diabetes
mellitus is equal to (28.662) days with the confidence interval (25.155,
47.804) for have Diabetes mellitus and (25.025, 32.299) for do not have
Diabetes mellitus under probability 95%.

Table 11 the Means for Survival Time for (chronic lung disease) in
each group
Means for Survival Time

. 95% Confidence Interval
Estimate Std. Error Lower Bound Upper Bound
No 30.069 2.244 25.670 34.467
Yes 35.475 5.017 25.643 45.308
Overall 35.892 4.473 27.124 44.660
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Table 11 shows the estimated mean of the survival times to death for
patients who have Chronic lung disease is greater than who do not have
Chronic lung disease which the estimated mean time until death for have
Chronic lung disease equal to (35.475) days and the estimated mean of
the survival times to death for patients who do not have Chronic lung
disease is (30.069) days with confidence interval (25.643, 45.308) for
have Chronic lung disease and (27.124, 44.660) for do not have disease
under probability 95%.

Table 12 the Means for Survival Time for (Cardiovascular disease) in

each group

Means for Survival Time

. Mean
Car?jlizzgzgu'ar Estimate | Std. Error 35% Confidence Interval

Lower Bound Upper Bound

No 43.776 6.809 30.431 57.121
Yes 23.190 1.911 19.444 26.936
Overall 35.892 4.473 27.124 44.660

Table 12 showed the estimated mean time until death for patients who
have Cardiovascular disease is less than who do not have Cardiovascular
disease which the estimated mean time until death for have
Cardiovascular disease equal to (23.190) days with the confidence
interval (19.444, 26.936) and the estimated mean time until death for do
not have Cardiovascular disease equal to (43.776) with confidence
interval (30.431, 57.121) under probability 95%.

3.5: Kaplan Meier Curve.

The survival plot of Kaplan Meier curve, used to compare different
groups of subjects and analyze time to event data. The survival curve is
used to determine the percentage (ratio) of patients who survive a specific
occurrence, such as death over a period of time this can be computed for
two groups of patients or subjects, and it can also be calculated for a three
group of patients or subjects their survival rates differed statistically.
Below Kaplan Meier survival curve for two factors (Gender and Smoker).
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Survival Functions
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Figure 1 survival plot for Gender

In Figure 1 represent the survival curve for gender the vertical axis
represents the cumulative of survival and the horizontal axis represent the
time to event, the blue line is males and red line is females, both lines
decreasing with time sometimes, the red line is little settled but blue line
Is constantly decreasing and then both lines little settled. We can see
clearly from table 5 the estimated mean time for meals is (39.48) days
which is more than females.

Survival Functions

e smoker
+H
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Figure 2 survival plot for Smoker

In Figure 2 represent the survival curve for smoker the vertical axis
represents the cumulative of survival and the horizontal axis represent the
time to event, the blue line is non-smoker and red line is smoker shows
both lines decreasing but blue line is settled also the red line decreasing
then little settled again decreasing. We can see clearly from table 6 the
estimated mean time for non-smoker is (29.67) days which is less than
smoker.

3.6: Fitting Model

The aim from using the Exponential Survival Model is to show the
prognostic factor impact on survival in study. The survival function of the
fitted rate data was used to validate the fit of the model.
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Model fitting is a procedure a function that takes in a set of parameters
and returns a predicted data set and 'error function' that provides a number
representing the difference between data and the model's prediction for
any given set of model parameters. We applied the model to our data
using 20 treatments (patient related variables, clinical related variables
and chronic diseases).

B: is a Coefficient regression describes the size and direction of the
relationship between a predictor and the response variable, coefficients
are the numbers by which the values of the term are multiplied in a
regression equation. The sign of a regression coefficient tells us whether
there is a positive or negative correlation between each independent
variable and the dependent variable.

Table 13 Analysis of Fitting Exponential Model

Parameter Estimates in Exponential Model

Standar| 95% Confidence Chi-
FELEIUEES b d Error Limits Square DI | PRVELLE
Lower Upper

Constant 2642 | 1.616 | -0525 | 5.809

Age -0.228 0.089 -0.403 -0.053 6.579 1 0.010
Gender 0.154 0.129 -0.099 0.407 1.423 1 0.233
Smoker 0.304 0.153 0.004 0.605 4.094 1 0.043
SPO2 -0.026 0.125 -0.271 0.220 0.042 1 0.838
WBC 0.122 0.116 -0.105 0.349 1.107 1 0.293
Lymphocyte -0.088 0.123 -0.329 0.152 0.520 1 0.471
Monocyte -0.691 0.300 -1.280 -0.102 5.681 1 0.017
Hb -0.182 0.299 -0.768 0.404 0.345 1 0.557
RBC 0.031 0.090 -0.146 0.207 0.116 1 0.733
PLT -0.467 0.304 -1.063 0.128 2.469 1 0.116
CRP 0.363 0.593 -0.799 1.526 0.337 1 0.561
Ferritin -0.046 0.115 -0.271 0.178 0.163 1 0.686
LDH 0.128 0.091 -0.0492 0.306 1.955 1 0.162
HR 0.061 0.079 -0.093 0.215 0.596 1 0.440
Blood Pressure 0.263 0.117 0.033 0.492 5.022 1 0.025
D Dimer 0.348 0.135 0.084 0.612 6.534 1 0.011
Hypertension 0.271 0.130 0.016 0.526 4.305 1 0.038
diabetes mellitus 0.398 0.126 0.151 0.645 10.226 1 0.001
chronic gl o401 | 0130 | 0147 | o0es6 | 9749 | 1 | 0002
disease

cardiovascular 0403 | 0178 | 0054 | 0751 | 5542 | 1 | 0.019
disease

-34-




Journal of Statisticians UNion (JASU)..........uuevervsvvcvvvsevscvsvserersssessessssennns Vo7.No1.15/11/2023

The survival function for exponential model is:
S (t; X) =exp (—t [exp (=bg — byxy — byx; ... — by xy)])
However, we can write the Exponential Distribution equation with only
significant variables as follows:
S (t; X) = exp (-t [exp (- 2.642 + 0.228 Age — 0.263 Blood Pressure —
0.304 Smoker + 0.691Monocyte - 0.348 D Dimer — 0.271 Hypertension
— 0.398 diabetes mellitus
— 0.401 chronic lung disease— 0.403 cardiovascular
disease)]).
The survival model is as follows:
LogT; = By + B1X; + -+ BpXp + ¢;
We fit the survival model above to the data in covid-19 disease
Log T; = 2.642 — 0.228 Age + 0.154 Gender + 0.304 Smoker— 0.026
SPO, + 0.122 WBC
— 0.088 Lymphocyte — 0.691 Monocyte— 0.182 Hb + 0.031
RBC - 0.467 PLT
+ 0.363 CRP — 0.046 Ferritin + 0.128 LDH + 0.061 HR +
0.263 Blood Pressure
+ 0.348 D Dimer+ 0.271 Hypertension + 0.398 diabetes
mellitus + 0.401 chronic lung
disease + 0.403 cardiovascular disease + ¢;
> The two patient related variables (Age and Smoker).
Age is one of the variables affecting to the risk in covid-19 diseases
decrease by coefficient (p = - 0.228), which is decrease in the risk of the
death for patient. The significant value is (0.010< = 0.05), so there is
significant effect on covid-19 with chi-Square test value equal (6.579).
While, Smoker one of the significant variables because their p-value is
significant (0.043 < = 0.05), the variable affecting in disease by
coefficient (B = 0.304), which is increase in the risk of the death for
patient.
»  The significant variables in clinical related variables (Blood
Pressure, Monocyte and D Dimer)
Our results showed that (Blood Pressure, D Dimer and Monocyte)
clinical related variables are significant because their p-values are (0.025,
0.011 and 0.017 <= o, = 0.05).
Blood Pressure and D Dimer are two factors affecting in covid-19 disease
increase by coefficient (B =0.263 and 0.348) respectively, which is
increase in the risk of the death for patient, with chi-Square test values
equal (5.022 and 6.54)
But, Monocyte factor affect in the disease decrease by coefficient (B = -
0.691), which is decrease in the risk of the death for patient, the chi-
Square test value is equal to (5.681) for Monocyte factor.
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> The result show in chronic diseases (Hypertension, diabetes
mellitus, chronic lung disease and cardiovascular disease).

All factors of chronic disease are significant because their p-value are less
than (0.05), with coefficients equal (p = 0.271, 0.398, 0.401 and 0.403)
and chi-square test values equal to (4.305, 10.226, 9.749 and 5.542)
respectively, so all factors which are increase in the risk of the death for
patient.

In addition, diabetes mellitus will be one of the significant factors in our
study; because it has a greater value in chi-square test column (10.226)
with significant value of (0.001 <= 0.05).

»  The variables that do not affect to the risk of the death for patient
are (Gender, SPO,, WBC, Lymphocyte, Hb, RBC, PLT, CRP, Ferritin,
LDH, HR) they are not significant factors because their p-value are
greater than (0.05).

Conclusions

The following conclusions have been reached after studying the data on
covid-19 in Erbil city:

1. Only three patients were found to have normal CRP levels, and
none of them had died from the disease. All other death cases were
discovered to have high blood inflammation, which indicates that patients
with COVID-19 had raised CRP levels.

2. In the study's 44 death cases overall, 33 had abnormally high HR,
36 had raised LDH, and 43 had elevated Ferritin. 213 patients (60.9%)
had normal blood pressure, while 25 of 44 cases resulted in deaths. The
results for HR and D Dimer indicate that 44 patients who died all had low
hemoglobin and high D Dimer. The results indicate that, out of all 44
deceased cases had high D Dimers.

3. Our results indicate that, up to the age of 60, females had a higher
incidence of covid-19 than males, and that males 60 years of age or older
had a greater risk of getting covid-19. In the smoker variable, men were at
a higher risk than women by a ratio of (1.545), which indicates that
smoker meals are (1.5) times more likely to covid-19, and for the non-
smoker patient’s female are at higher risk. According to our results,
female patients with low SPO2 had a higher risk than males, and those
with normal SPO2 males had slightly higher risk than females.

4. Male patients with low monocyte levels were more than 4 times
more at risk, although larger risks for normal and high monocyte levels
were seen in female patients.

5. Females are more at risk than males when their RBC is high or
normal, but when their RBC is low, men are 2.5 times more at risk than
women. It illustrates that in patients with normal (D Dimer and CRP),
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males are at higher risk than females, whereas females are at higher risk
when the (D Dimer and CRP) are high. When their ferritin levels were
high, females were at an increased relative risk of (0.759) compared to
males.

6. For Chronic diseases; patients with (Hypertension and Diabetes)
diseases meals are at higher risk than females to have covid-19. Higher
risk rates have been noted in females related to meals to have covid-19
for patients with Chronic lung disease and Cardiovascular disease.

7. The result of KM test shows the estimated mean time to death for
male is greater than female. the estimated mean time to death for low
SPO; is greater than normal SPO,. The estimated mean time until death
for normal Blood Pressure is greater than other groups (Low and High).
For the patients who have Chronic diseases (Hypertension, Diabetes
mellitus, Chronic lung disease), the estimated mean of the survival times
to death are greater than who do not have (Hypertension, Diabetes
mellitus, Chronic lung disease). While, the estimated mean time until
death for patients who have Cardiovascular disease is less than who do
not have Cardiovascular disease.

8. According to the Exponential model, identified that the most
prognostic factors that influenced in covid-19 patient’s survival are (Age,
Blood Pressure, Smoker, Monocyte, D Dimer, Hypertension, diabetes
mellitus, chronic luge disease, cardiovascular disease).
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Abstract

Many studies choose to analyze and classify count variables as
binary. The main purpose of this research is to determine how several
predictor variables and a response variable relationship to each other’s.
To achieve this, logistic and Poisson regression models were being used.
The review of patient data count for TB disease in Erbil, Iragi Kurdistan
Region, is the main focus of this research. where Gender (male, female) is
a categorical response variable and there are multiple predictor variables.
The data collected on this disease indicates that it might be a big problem
in our society, as it affects a wide range of people for a number of
reasons. The total number of cases during that time was (1346). (2012 to
2018). To assess each model's goodness of fit, two criterions were used.
The results showed that the Logistic regression model is the best fit in
modeling binary response variable in the form of a count data based on
the two evaluation criteria used [Akaike Information Criterions (AIC) and
Bayesian Information Criterions (BIC)]. Microsoft Excel, Stata 16, and
SPSS 25 are the statistical application software used.
Keywords: logistic regression, Poisson regression model, model
selection criteria.
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1. Introduction

Regression analysis as a statistical methodology utilizes the relation
between two or more quantitative variables. that is, a response variable
can be predicted from the other(s). This methodology is widely used in
commercial, social, behavioral, and biological sciences among other
disciplines. Regression may be of two types: linear and nonlinear. Simple
and multiple linear regression are the different types of linear regression
(Nduka, 1999), while log-linear, quadratic, cubic, exponential, Poisson,
logistic, and power regression are nonlinear regressions. Notably, Poisson
and Logistic regression are of interest for us in this research.

Statistical methods with the many variables are commonly used in
general health science literature. In the literature, the terms "multivariate
analysis" and "multivariable analysis" are often used interchangeably.
The relationship between two or more predictor (independent) variables
and one outcome (dependent) variable is explored using multivariable
methods. The outcome variable's predicted value is represented by the
relationship model as a sum of products, each of which is generated by
multiplying the independent variable's value by its coefficient. (Park,
(2013)).

In many cases research focuses on models with a categorical response
variable. Considering that a number of the conditions for this technique's
assumptions will not be met, we could not perform a multiple linear
regression in this situation. We would instead perform a logistic
regression analysis. Logistic regression may thus be seen as a method
similar to multiple linear regression that also takes into consideration the
categorical nature of the response variable. The logistic regression
framework may be used to examine a response structure that has an
outcome variable and a set of explanatory variables (one or more). There
are so many ways in which proportions and probabilities differ from
continuous variables. They have a range of possible values between (0
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and 1), whereas continuous variables can potentially take any value
between plus or minus infinity. As a result, we cannot assume that a
proportion seems to have a normal distribution and we must recognize
that proportions have a binomial distribution. The mean and variance of
the binomial distribution are not independent, in opposed to the normal
distribution. (Park, (2013)).

When the outcome is a count, Poisson regression is useful. Similarly, to
how logistic regression is used to estimate odds ratios in comparing
various exposure groups, it is used to estimate rates or counts in
comparing various exposure groups. Further, logistic and Poisson
regression are used to determine the most important variables and the
direction of each variable's effect. These models help researchers to
account for such data contained in a series of observations between the
dependent and independent variables (Armstrong, 2012), (ljomah, et al.,
2018).

Logistic regression and multiple regression models are similar to the
general Poisson regression model. The Poisson distribution has many
keeping count applications, include: 1) Telecommunication, 2) Biology,
3) Radioactivity, etc. Similar to the previous example, logistic regression
Is an essential model to take account when a response variable has two
possible outcomes, such as the financial performance of the company
(profit or loss), blood pressure, etc. For the analysis of data from either
observational or experimental investigations, both models are suitable
(Michael et al, 2005). Given that the response results are discrete (or
binary response variables), Poisson and Logistic Regression models were
taken into consideration in this article. (Ijomah et al., 2018).

2. Logistic Regression models with Binary Response Variable

Logistic regression is foremost used to model a binary variable based on

one or more other variables, called predictors. The binary variable being

modeled is generally referred to as the response variable, or the

dependent variable. used the term “response” for the variable being

modeled since it has now become the preferred way of designating it. For

a model to ft the data well, it is assumed that (Hilbe, 2015):

The predictors are uncorrelated with one another.

they are significantly related to the response.

the observations or data elements of a model are also uncorrelated.

| have emphasized that binary response logistic regression is based on the

Bernoulli probability distribution, which consists of a distribution of (1

and 0). The probability function can be expressed for a random sample as:
n

fom| [pa-p @
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where the joint PDF is the product, I1, of each observation in the data
being modeled, symbolized by the subscript (i). then characterize the
Bernoulli distribution for a single observation as:
fOsp) =p/'A-p)" ()
Logistic regression models a relationship between predictor variables and
a categorical response variable, used when the response has two possible
outcomes. It is sometimes called the logistic model or logit model,
analyzes the relationship between multiple independent variables and a
categorical dependent variable, and estimates the probability of
occurrence of an event by fitting data to a logistic curve. There are two
models of logistic regression, binary logistic regression and multinomial
logistic regression. Binary logistic regression is typically used when the
dependent variable is dichotomous and the independent variables are
either continuous or categorical (Park, 2013). Examples of binary
responses could include passing or failing a test, responding yes or no on
a survey, and having high or low blood pressure. Consider the simple
linear regression model:
Y = BotpiXi + & Yi=o,1 (3
where the outcome Y; is binary, taking on the value of either 0 or 1. The
expected response E (Y;) has a special meaning in this case. Since E (g;)
we have:
E(Y)) = Bo + BiXi (4)
Consider (Y;) to be a discrete random variable for which we can state the
probability distribution as follows:

Y; Probability
1 P(Y;=1) =p;
0 P(Y;=0)=1—p;

Thus, p; is the probability when Y; = 1 and 1 — p; is the probability that
Y; = 0. With the logistic model, estimates of r; from equations like the
one above will always be between 0 and 1. By definition of expected
value of a random variable in equation (4), we obtain

EY)=1(p) +0(1-p) =p; =P, =1) (5)
Equaling equation (4) and (5). we thus have
E(Y) = Bo + BiXi = b (6)
Then, the logistic mean response function is:
E(Yl) =p;, = exp(Bo+pPiXi) (7)

1+exp(Bo+L1Xi)
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3. Maximum  Likelihood Estimation (logistic  regression
estimators)

Let the discrete random variable Y; be Bernoulli random variable and
each Y; observation is an ordinary Bernoulli random variable where:
P(Y;=1) =p; }
P(Y,=0)=1—p, )
Then, its probability distribution is representing as follows:
i) =p/'A-p)"™" , ¥=01 ,i=123..,n
(9)
Note that f;(1) = p; and £;(0) =1 —p;
hence, f;(Y;) simply represents the probability that, since the Y;
observation are independent. Their joint probability function is:

LY, Yy e p—l_[m)—l_[p“(l POt (10)

Taking logarithm of equatlon (10), then the Jomt probability function:

log.L(Y1,Y, ... Yn) = logel_[pl (1—p;)t i
z [Y loge(

_ )]+ Z loge(1=p) (1)

Since E (Y;) = p; for a binary vanable it follows from equation (7) that:

n

1—p; = [1+exp(BotBX)] ™" (12)
From equation (7), we obtain
loge (72) = Bo + X, (13)

And equation (11) can be expressed as follows:

log.L(Bo, B1)
= z Yi[Bo + B1X;]

=1
n

z l0ge(1+ (Bo+B1X0)) (14)

Where L(B,, 1) replaces L(Y.,Y,, .., Y,), to show explicitly that this
function is now viewed as the |Ike|lh00d function of the parameter to be
estimated, given the sample observation (ljomah et al. ,2018).

The maximum likelihood estimates of S, and B; in the simple logistic
regression model are those values of f, and f; that maximize the log-
likelihood function in Equation (15). Computer intensive numerical
search procedures are therefore required to find the maximum likelihood
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estimates of 8, and B;. Once the maximum likelihood estimates 3, and
B, are found, we substitute these values into the response function in
Equation (7) to obtain the fitted response function. We shall use p;to
denote the fitted value for the i*" case

. exp(Bo + BiX)

= 15
Pi= T ¥ exp(by + by X)) (15)
The fitted logistic response function is as follow:
exp(B, + 1 Xi
p(Bo + B1Xi) (16)

Pi= T ¥ exp(by + by X))

In fact, from Multiple Logistic Regression Model there are several
predictor variables usually required to obtain adequate description and
useful predictions. In extending the simple logistic regression model, we
simply replace S, + [:X; in Equation by By + 1 X; + X, + -+
BiXx. To simplify the formula, we use matrix notation and the following
three vectors:

X'B=Po+ PXi + B2 Xy + -+ BrXi (17)

From equation (17) the simple logistic function (7) extends to the
multiple logistic response function as follows:

N[ )
1+ exp(X'p)

(18)

4, Poisson Regression model with Binary Response Variable
Poisson regression is frequently applied to count data. Count data is
defined as "the number of occurrences of a behavior in a specific period
of time". Integers must only be non-negative in count data (Karazsia et al,
2008). Hence A generalized linear regression model with a logarithmic
link function is called Poisson regression (Durrant, 2016). The Poisson
distribution from the discrete distribution family can be expressed to
represent variables with such asymmetric right-slope distributions
(Moksony and Hegedus, 2014). Let x; and y; be observations from a data
set. Here, the numbers xi and yi are respectively a vector of independent
and dependent variables. Poisson regression analysis assumes that the y;
shows the Poisson distribution. The probability density function for the
Poisson distribution with the parameter A; is given in the following
formula;

/'lYie—/li

filx) = iy_, . ¥i=0,1,2,.. ..(19)

;!
The number of events occurring is denoted by the symbol y; and the ratio
of events occurring per unit of time is denoted by the symbol A;. In other

words, A; provide the distribution's average. The probability here changes
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as a function of A;. The Poisson probability distribution has a right-angled
skew. However, when A; increase, the distribution gets closer to the
normal distribution. The Poisson regression model's equal mean and
variance is its most important feature. Because distortions are apparent in
the assumption that the conditional expected value is equal to the variance
and the assumption is not met, over- or under-dispersed data sets cannot
be described by the Poisson distribution. In this case, updating the data
set or starting the analysis with different methods may be a solution. The
expected value and variance of y; are given:
A = EQilx;) = Var(yl|x) .. (20)

The link function illustrating the relationship between the expected value
and the independent variables must have the form specified in Equation
(21) in order to ensure that the expected value of y; does not take
negative values (Cameron and Trivedi, 1998).
log(4;) = Bo + Brx1 + Bax .., BreXic - (21)

In this equation, A; is an exponential function of the arguments. 4; is the
same as given in Equation below:

A = exp(By + Bix1 + BaXy .., BrXy) = e%iP ..(22)
Where o, B1,..,0k represent the unknown parameters.

5. Maximum  Likelihood Estimation (Poisson Regression
estimators)
There are many methods to calculating g estimators in the Poisson
regression analysis based on the distribution of the dependent variable y;.
Maximum likelihood (MLE) method, artificial maximum likelihood
(PMLE) method, and generalized linear models (GLM) are the most
commonly applied and well-known of these techniques. The most used
method for regression models is (Newton Raphson iteration) approach is
typically employed in the likelihood method (MLE). The Poisson
regression model's log likelihood function is as follows given an
observation set:

n yi -

L(BI0, ) —Zp(ylm =[5 e

i=1 .

When the logarithm of thls functlon is taken, Equation below is obtained.

lnL(,B)—Z(ylln(A) A—lny)  ..(24)

Accordingly, the P0|sson MLE of (B) value is calculated from the
expression in Equation (25), (Durmus and Giineri, 2020).
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2(3’1’ —A)x; =0 - (25)
i=1

6. Wald statistic
The Wald statistic can be used to assess the contribution of individual
predictors or the significance of individual coefficients in a given model.
The Wald statistic is the ratio of the square of the regression coefficient to
the square of the standard error of the coefficient. The Wald statistic tests
the hypothesis that the respective parameter g; is equal to zero:

HOI ﬂ] =0

H1: B] * 0
The Wald statistic is asymptotically distributed as a Chi-square
distribution:

2

W; = ﬁbz

SEj;

Each Wald statistic is compared with a Chi-square with 1 degree of

freedom. Wald statistics are easy to calculate but their reliability is
questionable. (Bewick et al., 2005)

(26)

7. Model Selection
The Model selection criteria considered in this research are Akaike
Information Criterions (AIC) and Bayesian Information Criterions (BIC),
the small values of BIC and AIC model will be chosen as the best model
for the selected models.

7.1  Akaike Information Criterion (AIC)
When comparing statistical models fitted by maximum likelihood (ML)
to the same data, the Akaike Information Criterion (AIC) is used to
measure the relative superiority of each model for the given data set. The
statistic penalizes for the number of predictors employed in the model and
takes into account model parsimony, as a result:

AIC = —2In(L) + 2P .. (27)

Where In(L): In is the natural logarithm (Likelihood) is the value of the
likelihood

P: is the number of parameters in the model.
AIC can be calculated using residual sum of squares from regression
(Henry, 2010):

AIC = nIn(RSS/n) + 2P  ..(28)

Where:
n: is the number of data points (observations). RSS: is the residual sum of
squares, the AIC values for given data are meaningless, but when they are
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compared to the AIC values of competing models, they take on meaning.
The model with the smallest value of AIC among competing models is
the best (ideal) model for the given data set, the AIC is used to choose a
model that fits the data well but has a small number of parameters; as a
result, the AIC penalizes the addition of parameters (Adeti, 2016).

7.2 Bayesian Information Criterion (BIC)
Another estimator evaluating model fit for a given data among different
types of non-nested model is the Bayesian information criterion (BIC),
and its formula is as follows:
BIC = —2logL + klogn ..(29)
Where:
L: The model's maximum likelihood function.
k: Number of model parameters.
n: Number of observations (sample size).
The best model to fit the data is the one with the minimum value of BIC
(Cameron and Trivedi, 2013).

8. Data collection

The data were collected on the Tuberculosis disease from (Chest and
Health Center / Health Ministry - Erbil). This disease might be a big
problem in our society where caused many people and there are many
reasons affected on the human. Tuberculosis (TB) is caused by germs that
are spread from person to person through the air. TB usually affects the
lungs, but it can also affect other parts of the body, such as the brain, the
kidneys, or the spine. A person with TB can die if they do not get
treatment. TB disease can be treated by taking several drugs for 6 to 12
months. It is very important that people who have TB disease finish the
medicine, and take the drugs exactly as prescribed. If they stop taking the
drugs too soon, they can become sick again; if they do not take the drugs
correctly, the germs that are still alive may become resistant to those
drugs.

The total data of this disease for this study was (1346) case during (2012
to 2018). The data contains these variables (Years, Gender, Age,
Transported or not Transported, Permanent Residence, Nationality, Types
of TB disease and Number of times of infection).

Y: Gender (male or female), Response variable encoding in binary
response for the criterion variable, in this case it will classify as:

y = {O Female

1 Male
Explanatory variables = Ages, transported or not transported, Permanent

Residence, Nationalty, Types of TB disease and Number of times of
infection.
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Q. Results of two regression models

This section is divided into two parts; 1) Fitted Logistic Regression and
Poisson Regression models. 2) Comparison of the estimated model
parameters and identification of the optimal model using the two
criterions.

9.1 Fitted Logistic Regression and Poisson Regression models

In this section lists the regression coefficients for both logistic regression
model and Poisson regression model along with their standard error
values and Wald test statistics for the coefficients of related parameters.
There is important to put the hypothesis for both models:

H,: The model adequately describes the data

H,: The model does not adequately describe the data

We used the goodness of fit tests, if p-value of Wald test is less than
accepted (<= 0.05) level, the test would reject the null hypothesis of an
adequate fit, and if it is not then accepted the null hypothesis. illustrated
the output of both models in table accordingly of the software used. As
can be observed, some parameters' maximum likelihood coefficients are
statistically significant at 5%; statistically significant coefficients. The
log-likelihood function (maximum likelihood estimators) of the Logistic
regression is used to estimate the parameters denoted as S,, B1, ---, B¢ -
the response variable is (Gender), as categorical variable. The usual way
to do this is with an indicator variable. In simple linear regression, we
modeled the mean p,, of the response variable (y) as a linear function of

the explanatory variable: u = S, + B1x;. When y is just (male or female),
the mean is the probability (p) of a man. In Logistic regression model the
mean (p) in terms of an explanatory variable (x;). We might try to relate
(p) and (x;) , as in simple linear regression: p = S, + f1x; .
Unfortunately, this is not a good model. Whenever (8, # 0), extreme
values of (x;) will give values of 8, + B, x; that fall outside the range of
possible values of (p), (0 < p < 1). The logistic regression solution to

this difficulty is to transform the odds (1%}) using the natural logarithm.
We use the term log odds or logit for this transformation. A model is
typically thought of as a simplification of a more complex situation.
The fitted Logistic response function and the fitted values (estimates for
the Model)
in Table (1) can be expressed as;
5, = exp(Bo + BsXs + BeXe)
" 1+ exp(By + PsXs + PeXe)

(30)
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Pl = 1 1 exp(3.3793 — 1.4030X; — 1.0992X,)

exp(3.3793 — 1.4030X; — 1.0992X,)

(31)

Table (1) Estimated Parameters, Standard Errors, and Wald Test

Statistic
Logistic regression model Poisson regression model

Coef. S.E. | Wald | Sig. | Exp(B) | Coef. S.E. | wald | Sig. | Exp(B)

Con 1.3967 | 0.5473 | 2.55 | 0.011
s, 3.3793 | 0.6814 | 4.96 | 0.000 29 350 40418

X1 - -0.0975 | 0.1075 | -0.91 | 0.364
0.1468 | 01475 | 099 10320 | ( gq3y 0.9071

X2 - -0.0023 | 0.0026 | -0.87 | 0.384
0.0050 | 0-0035 | -144 10149 4 9959 0.9977
X3 | 0.0852 | 0.1607 0.53 | 0.596 | 1.0889 | 0.0418 | 0.1164 | 0.36 | 0.720 | 1.0426
X4 | 0.0586 | 0.1082 0.54 | 0.588 | 1.0603 | 0.0311 | 0.0728 | 0.43 | 0.669 | 1.0315

X5 i -0.9064 | 0.0639 - 0.000

0.0866 | -16.19 | 0.000 14.1

1.4030 0.2458 7 0.4039

X6 - -0.7481 | 0.0452 | -1.66 | 0.098
1.0992 05127 | -2.14 [ 0.3331 0.4732

From the results, it is seen that both availability of (X5) and (X¢) played
major roles on the (TB disease)’, When the coefficients are examined by
the Wald Chi square test, it is seen that (Xg, X¢) of them are significant
because their (p-values) of the test less than 5% level, with intercept too.
It implies that availability of (types of TB disease) and (Number of times
of infection) are the major determining factors on the TB. while (X,
X, ,X;3,X,) of estimated coefficient are not significant because their p-
values are greater than 5% level.
Considering for the Poisson regression, the log-likelihood function for
Poisson regression to estimate the maximum likelihood estimators
denoted as (B,.061, ---, ) and it is obtained as in table (1), The Poisson
Regression Model with significant parameters estimates as follows:
Lnld = 1.3967 — 0.9064X; (32)

1 = exp(1.3967 — 0.9064X;) (33)
Table above also shows that only on availability
(X5: types of TB disease) has main effect on the TB with significance (p-
value = 0.000 < 0.05). while (X4: Number of times of infection) was
seen not to have any effect, hence, insignificant.

9.2 Comparison and identification of the optimal model

In this part we present a table of model selection of two types of
regression (Logistic and Poisson regression) models by criterions as well
as some concepts that mentioned before, their values can be used for
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performing model selection based on comparison to models that fit the
same data. the table supports the research as follows:

Table (2) Model selection by some criterions for both Logistics and
Poisson regression models

Iteration O: log likelihood = - | Iteration O: log likelihood = -
607.68524 737.24221
Iteration 1: log likelihood = - | Iteration 1: log likelihood = -
584.47878 693.97713
Iteration 2: log likelihood = - | Iteration 2: log likelihood = -
584.24745 693.48056
Iteration 3: log likelihood = - | Iteration 3: log likelihood = -
584.24728 693.48002
Iteration 4: log likelihood = - | Iteration 4: log likelihood = -
584.24738 693.48002
Logistic regression model Poisson regression model
Number of obs. 1,346 1,346
Null Deviance 568.4945 682.9600
Pearson y? 9245.709 9335.277
AlIC 0.878524 1.040832
BIC -8478.857 -8964.391
Log likelihood -584.24727 -693.4800
Variance function Vip)=p+(1—p) V(4A) =2
Link function g(w) =In(u/(1 —u)) g(4d) =In(d)

From the results of table (2) show the logistic regression model values of
their criterions have the lowest of all. Then, it can be seen that the value
of Null Deviance, Pearson y2 and Log likelihood for logistic regression
model equal to (568.4945, 9245.709, -584.24727) respectively, and their
values less than Poisson regression model. where the Deviance statistic is
distributed approximated a Chi-square distribution. The null Deviance
equal as Chi square distributed with the model degree of freedom (1). To
assesses the fit of the two models the best model is the one which has the
lowest AIC and BIC and here equal to (0.878524, -8478.857) for logistic
regression model. The Poisson regression model of the dataset had the
largest values of all criterions and indicating a poor fit to the data. Using
logistic regression model for this dataset and in the case of binary
response variable is a good alternative of Poisson regression model. it had
the smaller values of that criterions when compared with Poisson
regression model. This indicating that logistic regression model better
goodness of fit.
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10.  Conclusion

In the last section we have studied the performance of each model, the
last comparison reaches some conclusions that differ from the results:

1. The best fit for the data of TB disease is the logistic regression
model.

2. The best logistic regression model identified is when the
explanatory variables are
(Xs: Types of TB Disease) and (X,:Number of times of infection) (since,
there are coefficients that are significant at 5% with p-value 0.000 and
0.003 respectively.

3. The Poisson regression model also identified that had coefficient
significant at5% with p-value 0.000 for the explanatory variable are (Xs:
Types of TB Disease).

4, Results showed that the Logistic regression model is the best fit in
modeling binary response variable in form of a count data; based on the
two assessment criteria employed Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC)].

5. The research identified Logistic regression model to be more
suitable for the observation considered.
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Abstract

Forecasting the future behavior of time series is an essential issue in
statistical sciences since it is required in many aspects of life. lrag and its
region are facing a real problem in electrical power generation. For this
purpose, forecasting the power generation has drawn the attention.
Electric power generation in the Kurdistan Regain Iraqgi (KRI) is crucial
because it distributes the power in the region, Kirkuk and Mosul. Data
were collected from (Iragi-Kurdistan Regional Government Ministry of
Electricity, General Directorate of Control & Communication, Kurdistan
Dispatch Control Center).

in this research were used Artificial neural networks were used by the
method of inverse propagation of error and the selection of the best model
using to forecasting elect the minimum value of MSE (Mean Square
Error) by using the statistical criteria to forecasting this data.
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1. NTRODUCTION

ANN forecasting is a technology that has attracted significant interest
in a range of fields, including currency rates, financial resources,
meteorological conditions, river flow, and so on. ANN is commonly used
to explain the behavior of non-linear data because they do not need rigid
and precise parameters for prediction.

2. Theory Part

2.1 Characteristics of ANN

ANN have a few basic properties. Among them are the following;
Competitive learning takes place among the output layer's neurons, i.e.,
only one neuron wins the competition when an input pattern is presented.
In most cases, the neurons are organized in a two-dimensional lattice. The
neurons are selectively tuned to different input patterns and their
positions are organized in relation to one another, resulting in a
meaningful coordinate system for distinct input characteristics across the
lattice. A distinctive feature is the formation of a topographic map of the
input patterns. The neurons (coordinates) are the fundamental statistical
properties present in the input patterns. The creation of this paradigm was
sparked by the discovery of topologically organized computational maps
in the human brain. However, it is unigue in its ability to receive and
process the transmission of an electrical signal along the length of the
nerve that makes up the brain's association system. The neuron is made
up of components dendrite and is a group of entrance through which cell
receives information from neighboring cells. The human brain is
composed of a huge number of neurons that have complex internal
connections that have complex internal connections that make up a large
network of nerves (neurons) that share some characteristics with each
other with other cells of the body. Each cell contains three parts: the cell
body and the dendritic branches (Dendrites) and axon (Axon). Dendrites
extend from the cell body to other nerves to form a neural network, and
the neural ganglion (Synapse) represents a pathway or gateway to connect
the dendritic branching coming from another nerve. The inputs reach the
cell body, some excite the cell and stimulate it and others inhibit it and
the ganglion (nerve) works to integrate or accumulate signals in the cell
body, and when it exceeds the required level (Threshold) of the cell it will
be inhibited and passed to the other cell along the axon, and branching
The dendritic modulation (changing) the amplitude of the signal
transmitted through it, and this modulation changes with time, as in the
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learning process of an artificial neural network. It can be seen in Fig. 1
and Fig. 2 is shown the ANN to simulate the basic properties of a
biological neuron, where the input connections are represented by lines
corresponding to the dendritic branches, which is the output to another
nerve. Biological and weighted inputs are collected in the summation box
that corresponds to the body of the neuron to determine its level of
influence to produce the output signal representing the input to other cells
associated with it. In terms of NET, computed with the following

formula. Net=WX, where X: X;, X, ,..., X, represented the input vector,

W, , W, ,..., W,, represented the weights vector (Hagan et al., 1996;
Poznyak et al, 2001; Stergiou and Siganos, 1996).
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Fig. 1 Components of a Nerve Cell
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2.2 Neural Network using Back Propagation

In the 1970s, the main cause of the decline in interest in neural networks
is due to the limitations of a single-layer network. In these networks a
collection of inputs is used to determine a set of outputs. These networks
employ the supervised teaching approach. The objective of the training
process for these networks is to compromise between the network’s
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ability to respond properly to the training input samples stored in the
network to respond effectively to input that is similar but not identical to
the training input samples.

2.3 The Back Propagation of Input Training Samples Stage

1. The stage of forward feeding of the input training samples.

2. Stage computation and back propagation of output error.

3. Stage synthesis (determination) of weights.

The network testing phase comes after the training phase, and the forward
propagation phase is only one of the stages. The error reverse propagation
network training by using the minimum value of the total error square of
the outputs computed by the network, which is dependent on the
magnitude of the error. Weights are updated between layers until the ideal
weights are identified that provide the best fit for the model. The basic
purpose of a back propagation network is to minimize error until it has
learnt through training. Training tries to adjust the network starting with
random weights until the error is as reduced as feasible.

2.4 Back Propagation ANN in Time Series Forecasting

The following stages outline the ANN prediction process

The first step: Selection of Variables

The observations that represent the problem whose values to be
forecasted are carefully selected in this stage.

The second stage: is to process the data.

On the observations used, some operations are conducted, such as
assessing the final trend, focusing on the relationships between the
observations, and determining the data distribution.

The third step: Divide data into sets:

The data is divided into the following groups:

a. Training Sets: It is the learning set and the identification of the
data model.

b. Testing Sets: It is a set of estimating the skill of the virtual
network and its ability to use it in general.

C. Validation Set: It is a set to perform a final test of network
performance.

The fourth step: ANN Paradigms:

When defining a neural network model, the following must be selected:
1. The number of input neurons, which must be invariably equal to
the number of variables.

2. The number of hidden layers which depends on the error value
used in the network.
3. Experiment determines the amount of hidden neurons.
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4, A single output neuron.

5. The fifth step: Transfer Function

Typically, the mathematical method is used to calculate the
output that prevents the output from surpassing a certain threshold. This
formula usually uses one of the following functions:
a. Linear Function
b. Threshold Function
C. Sigmoid Function
The sixth step: Evaluation Criteria
At this step, the total of the error squares is used to evaluate the network
error (MSE).
The seven step train with ANN
The following are included in this step:
a. Choosing the set of weights between neurons that minimizes the
error is the first step in teaching the model.
b. The regression training algorithm is employed as the second
algorithm (slope reduction).
The eighth step: Implementation: This is a critical stage since it
evaluates the network's ability to adapt to the state of the change in the
cycle, as well as its ability to retrain and access the data with the least
amount of mistake possible.

2.5 ANN Performance
The quality of future predictions for a certain phenomenon may be
determined by the ANN’s training evaluation (Hangan et al., 1996).

1- Learning Rate (o)

The learning rate is one of the factors impacting the process of updating
the weights in the neural network since it sets the size of the step in the
learning process and the amount of weight change.

2-Momentum (1)

It is one of the important factors that balances the learning process and
makes the amount of weight change relatively balanced and stable.

3- Number of ANN Exemplars

The number of vectors (Exemplars) has a direct impact on the network's
performance since it reflects the explanatory variables. If the number of
vectors is suitable, the ANN may create a model that describes the data. If
the network inputs are too complicated, the number of vectors must be
raised for the network to learn the behavior of the data.
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4- Number of Hidden Nodes

The best way to find out how many hidden nodes a neural network needs
to start with a few hidden nodes, watch the results, and then increase the
number of hidden nodes until the lowest possible error is achieved and
the best results in the comparison criteria.

5- Number of ANN Exemplars

The important factors in the efficiency of neural network training are that
it starts with a single hidden level. The attributes, i.e. the data attributes of
the neural network, are trained or learned until the lowest possible error is
attained. Another hidden level is linked to the network if the neural
network does not learn the most of the data's characteristics.

2.6 Elements of ANN
Using the characteristics listed above, the following basic elements of
any ANN must be extracted from.
a. Element Processing
b. Topology
C. Algorithm for Learning

3. Application Part

3.1 Using Neural Networks for Forecasting

ANN was applied to alter nonlinear time series and improve prediction
accuracy. The first step is to find out the neural network's hidden nodes. It
iIs determined through extensive training, which includes several
computer experiments. The following formula was used to compute the
number of concealed nodes:

N

E olerance
I\Ihidden = Pq ol (1)

pts+N

train

output
Whereas:
: The number of hidden nodes.

N
N,.., .- 1nhe number of training time.

E : The amount of the probability error.
N

hidden

tolerance
os . 1he number of data which is training was performed.

Nouput : The number of output nodes.

In this dissertation, E_,....the amount of the error 0.01 and the training

times N,,,=1000*N =168 and N,,,=1. By using equation (1), the

number of hidden nodes was 4.

1- Choosing the number of hidden neurons in the network

Use all of the observations in Table 1 and the back propagation error
network, which was trained using several hidden neurons to choose the
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best one. It was found out that it lies between (3-9) and the number of
iterations is (1000) to get the minimum value of MSE.
Table 1 Selecting the Number of Hidden Neurons for ANN

N|umbe'r of Test Validation | Training ALL(MSE) ol?lllilrir]d%eern
teration il
(MSE) (MSE) (MSE)

1000 1.51E-03 1.32E-03 9.53E-04 4.66E-03 3
1000 4.22E-03 2.60E-05 2.15E-05 2.00E-03 4
1000 2.63E-01 3.61E-03 2.52E-03 6.10E-03 5
1000 1.87E-01 9.04E-03 2.52E-01 9.04E-03 6
1000 5.10E-01 7.18E-03 2.26E-02 6.80E-01 7
1000 1.57E-02 1.40E-02 8.30E-03 1.40E-02 8
1000 8.77E-01 2.97E-04 5.37E-05 3.92E-03 9

2- The performance of the neural network was tested at different
percentages of data division according to neuron 4, with the best model
being the minimum value of MSE, as shown in Table 1.
Table 2 Performance of Hidden Neurons ANN at Different Data
Partition Ratios

Number

of

Hidden Validatio Training | Validation Test MSE

Neurons | Test% | n% Train% (MSE) (MSE) (MSE) All
4 20% 15% 65% 2.29E-01 | 6.68E-01 | 2.91E+05 6.83E-02
4 15% 20% 65% 8.90E-03 | 3.94E-02 3.17E-02 3.94E-02
4 10% 10% 80% 1.24E-02 | 1.48E-02 3.30E-03 1.48E-02
4 20% 20% 60% 1.68E-02 | 1.63E-02 8.54E-01 1.63E-02
4 25% 5% 70% 3.87E-04 | 2.15E-04 7.49E-01 2.15E-03
4 10% 15% 75% 2.29E-01 | 6.68E-01 | 2.91E+05 6.83E-02
4 15% 15% 70% 2.15E-05 | 2.60E-05 4.22E-03 2.00E-03

The ratio of testing, validation, and training of the neural network's
performance at Number of Hidden Neurons is shown in Table 2. The data
used in this dissertation consists of 168 observations, which have been
processed using the sigmoid function in the hidden layer and many
empirical tests, with a vector ratio of 15% (25 observations) for the test
set, 15% (25 observations) for the validation set, and 70% for the training
set (118 observations). To get the best possible result.
Fig. 3 shows the performance of the training, Validation, and test groups
stooping on the point of tiring iteration (1000), with MSE of Validation
being 0.0044661.
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Best Validation Performance is 0.0044661 at epoch 1000
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Fig. 3 Performance of the ANN (Training, Validation, and Test)
3.2 Conclusions
1. The best model of the neural network models is the (1, 4, 1) model
among the others models because it has the smallest value MSE in test,
Validation, Training and ALL(MSE) in the differences hidden of Number
of Neurons.
2. By using the sigmoid function in the hidden layer and many
empirical tests, with 25 observations for the test set, 25 observations for
the validation set, and 118 observations for the training set, it is the best
possible result.

3.3 Recommendations

1. Depending on the back propagation neural networks to forecasting
value to generate electricity power in Kurdistan Region.

2. Using back propagation neural networks with multivariate time series.
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Appendix
KURDISTAN REGION POWER GENERATION (2006-2019)

(X1) Government

Erbil | Suly | Duhok | C&ment | Delta 1} lron =
Average | Average | Average S S =0 Fac.

Load Load Load A\Ii%;%ge A\Ii%;%ge A\Ii%;%ge Average
Date Load

MW MW MW MW MW MW MW
2006
Jan 114 166 153 0 0 0 0
Feb 74 185 169 0 0 0 0
Mar 120 184 167 0 0 0 0
Apr 110 168 161 0 0 0 0
May 106 182 156 0 0 0 0
Jun 112 290 155 0 0 0 0
Jul 202 274 159 0 0 0 0
Aug 202 283 156 0 0 0 0
Sep 124 173 153 0 0 0 0
Oct 100 143 148 0 0 0 0
Nov 105 145 156 0 0 0 0
Dec 106 176 145 0 0 0 0
2007
Jan 98 142 123 0 0 0 0
Feb 101 191 67 0 0 0 0
Mar 119 149 140 0 0 0 0
Apr 123 150 175 0 0 0 0
May 110 136 170 0 0 0 0
Jun 183 227 174 0 0 0 0
Jul 186 230 151 0 0 0 0
Aug 187 234 169 0 0 0 0
Sep 172 202 165 0 0 0 0
Oct 161 197 165 0 0 0 0
Nov 140 172 137 0 0 0 0
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Oct 797 636 450

Nov 919 787 566 0 0 0 0
Dec 960 768 619

2016

Jan 880 603 764 0 0 0 0
Feb 786 550 691 0 0 0 0
Mar 801 482 655 0 0 0 0
Apr 803 465 667 0 0 0 0
May 835 492 664 0 0 0 0
Jun 930 530 717 0 0 0 0
Jul 1018 582 663 123 0 0 0
Aug 1009 588 668 129 0 0 0
Sep 909 530 640 107 0 0 0
Oct 852 470 555 70 0 0 0
Nov 834 499 592 77 0 0 0
Dec 805 561 600 104 0 0 0
2017

Jan 840 582 640 108 0 0 0
Feb 845 554 621 107 0 0 0
Mar 884 528 629 93 0 0 0
Apr 833 493 591 79 0 0 0
May 804 463 556 96 0 0 0
Jun 923 502 597 117 0 0 0
Jul 918 507 606 124 0 0 0
Aug 856 476 603 117 0 0 0
Sep 847 476 621 106 0 0 0
Oct 772 431 554 87 0 0 0
Nov 802 454 596 85 0 0 0
Dec 841 537 639 106 0 0 0
2018

Jan 832.8 539.1 678.4 112.4 0 0 0
Feb 858.7 556.2 699.9 112.2 0 0 0
Mar 879 513.2 685.1 92.3 0 0 0
Apr 792.5 453 600.5 85.2 0 0 0
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May 830.6 481.8 608.4 105.9 0 0 0
Jun 897 459 587 119 0 0 0
Jul 868 451 570 108 0 0 0
Aug 878 454 575 102 0 0 0
Sep 811.2 454.9 594.3 98.2 0 0 0
Oct 795.7 448.6 576.5 89.7 0 0 0
Nov 943.7 527.4 722.3 96.5 0 0 0
Dec 985 636.5 794.1 111.4 0 0 0
2019
Jan 1042 641 823 126 0 0 0
Feb 1032 575 809 127 0 0 0
Mar 1070 594 816 120 0 0 0
Apr 1090 570 847 99 0 0 0
May 1029 551 691 122 0 0 0
Jun 1137 530 736 148 0 0 0
Jul 1105 582 717 142 0 0 0
Aug 1132 594 734 135 0 0 0
Sep 1072 585 741 129 0 0 0
Oct 913 521 652 102 0 0 0
Nov 924 583 744 90 0 0 0
Dec 1164 663 847 127 0 0 0
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(X2) Kurdistan Region Government to Mousul and Kirkuk

Inter- Inter- Inter- Inter-
Connections Connections Connections Connections

(MW) (MW) (MW) (MW)

Date Date
From KRG to | From KRG to From KRG to | From KRG to

Mousel Kurkuk Mousel Kurkuk
2006 2013
Jan 32 0 Jan 51 267
Feb 26 0 Feb 50 264
Mar 30 0 Mar 49 238
Apr 24 0 Apr 45 221
May 34 0 May 42 221
Jun 37 0 Jun 53 224
Jul 38 0 Jul 91 234
Aug 40 0 Aug 91 236
Sep 44 0 Sep 98 235
Oct 38 0 Oct 97 216
Nov 25 0 Nov 87 224
Dec 26 0 Dec 74 257
2007 2014
Jan 13 0 Jan 65 255
Feb 4 0 Feb 74 253
Mar 0 0 Mar 84 216
Apr 11 0 Apr 53 222
May 25 0 May 78 187
Jun 18 0 Jun 88 223
Jul 18 0 Jul 65 211
Aug 1 0 Aug 11 195
Sep 0 0 Sep 2 215
Oct 0 0 Oct 2 209
Nov 0 0 Nov 4 218
Dec 0 0 Dec 6 247
2008 2015
Jan 0 0 Jan 6 253
Feb 0 0 Feb 6 246
Mar 0 0 Mar 11 239
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Comparison Multivariate Time Series Model VAR(P)
and wavelet Transformation to forecast Water
Supply of Iraqi Rivers

Dr. Nabeel G. Nacy Nabeel.sulaiman@su.edu.krd
Dr. Mohammed A. Badal Mohammed.badal@su.edu.krd
Shaymaa M. Shakir
Statistical office Region
Assistant. Professor- Sallahaddin University-Statistics Department

In this paper, the wave filter was used on the water resource crisis
in Iraq, represented by the Tigris and Euphrates rivers, which is one of the
major crises and has an important economic impact since 1980, through
the study and analysis of the Tigris and Euphrates rivers of water
resources in lIraq for the years 1980-2021 and the application of the
autocorrelation model VAR(P) in the multivariate time series, which is
the intersection model between the variables. The model has been
modified by wavelet analysis. The model gives a detailed and good
analysis by testing the hypotheses that must be provided in the time series
using the STATAv.17 program and for more than one variable and
through statistical measures that give The lowest value of FPE, SBIC,
HQIC, AIC and the maximum value of R?. Forecasting the imports of the
Euphrates and Tigris waters during the next five years from 2022-2026,
we conclude that the values of the annual rate of water imports from the
two rivers are decreasing after 2021.

Key words: VAR(P), FPE, SBIC, HQIC, R? AIC, Haar wavelet,
Stationary, Wavelet transformation, Wavelet denoising, Daubechies
Wavelet.
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1. Introduction:

On the premise that succeeding values in the data file represent
successive measurements conducted at uniformly spaced time intervals,
time series analysis is predicated. Time series analysis has two basic
objectives:

a) determining the phenomenon represented by the sequence of
observations and

b) forecasting (predicting future values of the time series variable).

The pattern of the observed time series data must be recognized and more
or less properly stated in order to achieve both of these objectives. Once
the pattern has been identified, we can analyze it and combine it with
further data (i.e., use it in our theory of the investigated phenomenon).
Regardless of the level of our comprehension and the accuracy of our
theory explaining the phenomenon, we can extrapolate the found pattern
to forecast upcoming occurrences.

As in most other analyses, in time series analysis it is assumed that the
data consist of a systematic pattern (usually a set of identifiable
components) and random noise (error) which usually makes the pattern
difficult to identify. Most time series analysis techniques involve some
form of filtering out noise in order to make the pattern more salient.

The two primary types of components that make up the majority of time
series patterns are trend and seasonality. The former depicts an all-
encompassing systematic linear or (most frequently) nonlinear
component that evolves through time and does not repeat, or at least does
not repeat within the time frame covered by our data. The latter may be
formally similar, but it repeats itself over time at regular intervals. In
actual data, those two broad types of time series components might
coexist.

In several forecast comparisons, large-scale econometric models were
found to be outperformed by univariate time series models. Vector Auto
Regressive (VAR) processes are a suitable model class for describing the
Data Generation Process (DGP) of a small or moderate set of time series
variables. The failure of the larger models can be attributed to the
insufficient representation of the dynamic interactions in a system of
variables. These models frequently regard all variables as a priori
endogenous and allow for complex dynamics. If two or more variables
share a stochastic trend, they are said to be cointegrated. The VAR form
IS not the most practical model configuration when cointegrating relations
are included in a system of variables. In that situation, taking into account
particular parameterizations that aid in the understanding of the
cointegration structure is useful. Vector Error Correction Models
(VECMS) or vector equilibrium correction models are the end models.
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Because Irag was and still is an agricultural nation, the water crisis there
is one of the most significant challenges facing the Iragi economy,
particularly the agricultural sector. The scale of the water issue is
significant, and if it does not surface now, the future will be stormy and
dangerous. In fact, some academics and political analysts have dubbed
the new millennium the third of the water cycle, as opposed to the era of
oil that characterized the previous years.

Due to their unrealistic goals of food self-sufficiency, people in Syria and
Irag have a high population growth rate of 2.31% and 2.44%,
respectively. As a result, the agricultural sector is currently the largest
user of water. Significant issues with water quality have been brought
about by the increase of agricultural operations, particularly in the Tigris
and Euphrates basins. Take note that the Middle East's water challenges
are intimately tied to the socio-economic stability at the national and
regional levels. Five Middle Eastern and Southwest Asian nations make
up the catchments of the Tigris and Euphrates Rivers. Turkey, Syria, Iran,
Saudi Arabia, and Irag are among them (Table 1). The two rivers'
combined catchment area is 917103 km2, and according to ESCWA
(2013), there were around 46 million people living there in 2013. Due to
the fact that the two rivers originate in Turkey's southeast, Turkey has
taken control of the two basins' riparian parties. (Al-Ansari et al. 2018).

In southwest Asia, the Tigris River is the second-longest river. It travels
through Turkey for about 400 km, forms the border with Syria for about
47 km, and then travels into Irag (ESCWA, 2013). Records of its flow
along the Turkish-Syrian-Iraqgi border show that it has an annual flow of
21 BCM (Billion Cubic Meter). Syria wants to take 4.5% of the water
from the Tigris, whereas Turkey intends to use 14.1% of the water to
which it supplies 52%. Finally, Iraq gives around 23% of its resources
and wants to utilize 92.5% of the river's water.

Table 1: Tigris and Euphrates Basins

Countries Tigris River | Euphrates River
Catchment area | Catchment area
Km? % | Km? %
Turkey 57719 | 12.2 | 125000 28.2
Syria 946 0.2 76000 17.1
Iraq 274400 |58.0 | 177000 39.9
Iran 140038 | 29.6 - -
Saudi Arabia - - 66000 14.9
Total 473103 | 100 | 444000 100

The Tigris River has five major tributaries in Irag (Table 2). In total, the
river irrigates 4 million hectares of agriculture (ESCWA, 2013). Iraq
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began concentrating on land reclamation in the 1980s as a result of
salinity and water logging issues. A total of 1.5 million ha of land were
partially reclaimed, and about 1 million ha of agricultural land were
reclaimed. Future plans are for the irrigation of 134,000 acres and the
reclamation of 920,000 ha (ESCWA, 2013).

The Tigris River has five major tributaries in Iraq (Table 2). In total, the
river irrigates 4 million hectares of agriculture (ESCWA, 2013). Iraq
began concentrating on land reclamation in the 1980s as a result of
salinity and water logging issues. A total of 1.5 million ha of land were
partially reclaimed, and about 1 million ha of agricultural land were
reclaimed. Future plans are for the irrigation of 134,000 acres and the
reclamation of 920,000 ha (ESCWA, 2013).

Table 2: Main shared Tributaries of the River Tigris in Iraqg.

Tributary Mean Annual Flow Catchment Area (km?)
(BCM)

Khabour 2.00 6143 (Turkey 57%, Iraqg
43%)

Greater Zab 12.70 26310 (Turkey 35%, Iraq
65%0)

Lesser Zab 7.80 19780 (Iran 24%, Iraq 76%)

Adhaim 0.79 12965 (Irag 100%0)

Diyala 4.60 33240 (Iran 25%, Irag75%o)

Tib 1.00 Iran, lraq

Dwairij 1.00 Iran, Iraq

As agricultural activity in Turkey increased, more dams were built, and
the climate changed, the Tigris' flow gradually began to decline. Due to a
rise in salt and other pollutants, the water quality is degrading along with
the decrease in flow. Long-term records show that the river's water
quality is satisfactory within Turkey. Once the river enters Iraq, where a
steady increase can be seen along the river, deterioration becomes
alarming. The quality degrades to an unusable level for irrigation at
Baghdad. The situation worsens downstream of Baghdad where the
increase in salinity is more noticeable.

2. Material and method:

2.1 The model of vector autoregression (VAR): One of the most
effective, adaptable, and simple methods for the study of multivariate
time series is the vector autoregression (VAR) model. Dynamic
multivariate time series are a logical extension of the univariate
autoregressive model. The VAR model has shown to be particularly
effective for forecasting and characterizing the dynamic behavior of
economic and financial time series. It frequently offers forecasts that are
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better than those from complex simultaneous equations models and
univariate time series models. Because they can be made conditional on
the likely future courses of certain model variables, forecasts from VAR
models can be highly flexible. The VAR model is utilized not only for
data description and forecasting but also for structural inference and
policy research. The causal consequences of unexpected shocks or
innovations to defined variables on the variables in the model are
summarized as a result of particular assumptions about the causal
structure of the data under consideration. Typically, forecast error
variance decompositions and impulse response functions are used to
summarize these causal effects.
Let Y; = (Vip Yorr---» Vne)© indicate a (n x 1) vector of time series
variables. This is the stationary vector autoregression model. The
fundamental p-lag vector autoregressive (VAR(p)) model has the formula
YV=c+ MY,y + LY, p+—+ILY, ,+¢& t=
1,2,..,T (1) where II; are (n x n)coefficient matrices and
g IS a (n x 1) unobservable zero mean white noise vector process
(serially uncorrelated or independent) with time invariant covariance
matrix 2. or A bivariate VAR (2) model, for instance, has the following
form:
Vit €1 Tl 745\ (Vie-1 T i\ (Vie-2 €1t
(3’2t) - (Cz) * (n%l n%z) (th—l) * (n%l ngz) (3’2t—2) + (52t) (2)
Or
Vie = €1 + M1 Y1eo1 + ToYoro1 5 Yie—z + Ti2Yae—2 + €1¢
Yar = €2 + M3 Y- + ”%23’2t—_1f+t”§1}’1t—2 + T5Y20-2 + 2

1 =
Where cov(ey;, &55) = {%12 o/WS'
The identical regressors, lagged values of y,; and y,,, are present in each
equation. With lagged variables and deterministic terms serving as
common regressors, the VAR(p) model is thus merely a seemingly
unrelated regression (SUR) model.
The VAR(p) is represented by the lag operator notation as

nL)Y;,=c+ ¢ (3)
where [1(L) = I, — II;L— ... —IL,LP. The VAR (p) is stable if the roots of
det(l, — iz — —I1,zP) = 0

lie outside the complex unit circle (have modulus greater than one), or,
equivalently, if the eigenvalues of the companion matrix

n m, .. M,, I,
I, 0 .. 0 0

F=|: & -~ : (4)
0 0 0 0
0 0 I, O
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have a modulus below one. A stable VAR(p) process is stationary and
ergodic with time invariant means, variances, and autocovariances if the
process was begun in the infinite past.

The unconditional mean is given by if Y; is covariance stationary.

= (=M =My == 1,) ¢ (5)

The mean-adjusted form of the VAR (p) is then

Vi —p=11Y — ) + Y — ) + -+ Hp(Yt—p - .U) +& ... (6)
The fundamental VAR(p) model might be too limited to accurately
capture the key aspects of the data. To adequately represent the data,
additional deterministic factors, such as a linear temporal trend or
seasonal dummy variables, may be needed. Furthermore, stochastic
exogenous factors might also be necessary. Given by is the general
version of the VAR(p) model with exogenous variables and deterministic
terms.

Ye =Yg + Y5 + -+ 1LY, + PD + GX; + & (7)where
D, is a (I x 1)matrix of exogenous variables, X, denotesa (m X 1)
matrix of deterministic components, and ® and G denote parameter
matrices.

2.2. Wavelet: Wavelet theory can be used in a variety of fields. Harmonic
analysis is related to all wavelet transforms since they are all types of
time-frequency representation for continuous-time (analog) signals.
Almost all discrete wavelet transforms that are actually useful employ
discrete-time filter banks. In wavelet nomenclature, these filter banks are
referred to as wavelet and scaling coefficients. Filters with finite impulse
response (FIR) or infinite impulse response (I1IR) may be found in these
filter banks. The Fourier analysis's uncertainty principle and
corresponding sampling theory apply to the wavelets that make up a
continuous wavelet transform (CWT): One cannot simultaneously assign
an exact time and frequency response scale to an event included in a
signal. There is a lower bound on the product of the time and frequency
response scale uncertainty. As a result, rather of merely marking a single
point in the time-scale plane, such an event marks an entire region in the
scaleogram of a continuous wavelet representation of this signal. Discrete
wavelet bases may also be taken into account in relation to different
variations of the uncertainty principle.

The three classes of wavelet transforms are continuous, discrete, and
multiresolution-based.

2.2.1. Continuous shift and scale parameters for wavelet transforms: A
given signal with finite energy is projected onto a continuous family of
frequency bands (or analogous subspaces of the L? function space L?(R))
in continuous wavelet transforms. For any positive frequencies f > 0, the
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signal, for example, may be represented on every frequency band with the
form [f, 2f]. The original signal can then be recreated by appropriately
integrating all of the output frequency components.

A subspace of scale 1 is scaled down to create the frequency bands or
subspaces (sub-bands). In most circumstances, the shifts of one
generating function i in L?(R), the mother wavelet—generate this
subspace in turn. This function is given for the scale one frequency band

[1,2].
Y(t) = 2sinc(2t) —sinc(t) = Sm(Zn)n—t sin(rt) (8)

with the (normalized) sinc function.
The functions (also referred to as child wavelets)

bas® == () ©)

where a is positive and specifies the scale and b is any real number and
determines the shift are used to construct the subspace of scale an or
frequency band [1/a,2/a] . A point is defined by the pair (a, b) in the
right halfplane R, x R. The form

Xo(t) = j WT,{x}(a, b). Py (t)db (10)
R

is the projection of a function x into the subspace of scale a with wavelet
coefficients

Wy (@ b) = (xtpap) = | #(Dpap(©de (11)
R
A scaleogram of the signal can be created using the wavelet coefficients

for the analysis of the signal x.

2.2.2. Discrete wavelet transforms with discrete shift and scale
parameters: One can wonder if it is enough to choose a discrete subset of
the upper halfplane to be able to reconstruct a signal from the associated
wavelet coefficients since it is computationally unfeasible to analyze a
signal using all wavelet coefficients. The affine system for some real
parameters a> 1, b > 0 is an example of such a system. All the points

(a™, na™b) with m, n in Z make up the matching discrete subset of the
halfplane. The child wavelets are now specified as
1 t—nb

U = = () (12)

a prerequisite for any signal's reconstruction using the equation

X(©) = ) 6 ) YD) (13)

MEZNEL
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is that an orthonormal basis of L?(R) is formed by the functions
{Ymn:imn € Z}.

2.3. Mother wavelet: Continuously differentiable functions with
compact support are preferred as the mother (prototype) wavelet for
practical applications and efficiency considerations (functions). In
contrast, one selects the wavelet functions from a subspace of the space
LY(R) n L2(R)in order to satisfy analytical constraints (in the continuous
WT) and generally for theoretical reasons (R) It is possible to square-
integrate measurable functions in this space (in absolute value).

(0.0]

j | (t)|dt < o and foo [P (t)|?dt < o (14)

Being in this area makes it possible to establish the zero mean and square
norm one conditions:

j Y(t)dt = 0 is the condition for zero mean, and

j | (t)|?dt = 1 is the condition for square norm one.

The mother wavelet must meet an admissibility criterion (roughly
speaking, a kind of half-differentiability) in order to be a wavelet for the
continuous wavelet transform .

2.3.1. Wavelet denoising: Consider measuring the noisy signal x = s + v.
Assume v~N (0, a21) and that s has a sparse representation in a particular
wavelet basis.

y=Wlx=WTs+Wlv=p+z (16)

The majority of the elements in p are 0 or almost 0 and z~N (0, o%I). The
estimation issue is the recovery of a signal in iid Gaussian noise since W
is orthogonal. One approach is to use a Gaussian mixture model for p
because p is sparse. Assume that there is a prior p~aN(0,02) + (1 —
a)N(0,0%). The variance for "significant" coefficients is given by o7,
and the variance for "insignificant" coefficients is given by 2.

The shrinkage factor, which depends on the prior variances 7 and o7, is
then denoted by p = E(p/y) = ©(y)y, T(y). The shrinkage factor has the
effect of setting tiny coefficients to O early while leaving large
coefficients unaffected. Large coefficients contain the genuine signal
while small coefficients are primarily made up of noise. In order to
produce § = Wp, use the inverse wavelet transform last.

2.3.2. Haar Wavelet: In mathematics, the Haar wavelet is a sequence of
rescaled "square-shaped” functions which together form a wavelet family
or basis. Wavelet analysis is similar to Fourier analysis in that it allows a
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target function over an interval to be represented in terms of an
orthonormal basis.

The Haar wavelet is also the simplest possible wavelet. The technical
disadvantage of the Haar wavelet is that it is not continuous, and therefore
not differentiable. This property can, however, be an advantage for the
analysis of signals with sudden transitions, such as monitoring of tool
failure in machines.

The Haar wavelet's mother wavelet function y(t) can be described as

1 0St<%
() =9-1 l<t<1 (17)

\ 0 otherwise _
Its scaling function ¢(t) can be described as

_(1 0=st<1
v(8) = {0 otherwise
The Haar function i, , is defined by the formula

P, () =222 "t — k), tER (19)

for each pair of integers n, kin Z.

The orthonormal basis in L?(R) of the Haar system on the line.

1. There are several noteworthy features of the Haar wavelet. Any
continuous real function with compact support can be uniformly
approximated by linear combinations of the shifted functions
p(t), p(2t), p(4t),...,(2™t),.... This also applies to function spaces
where each function can be roughly represented by continuous functions.
2. Any continuous real function on [0, 1] can be uniformly
approximated by linear combinations of the constant function
1, 0(t), p(2t), p(4t), ..., p(2™t), ... , the shifted functions and (n t).

3. The form's orthogonality

Haar Matrix: The 2 X 2 Haar matrix that is associated with the Haar
wavelet is

HZ:H jﬁ

The orthogonal and real Haar transform matrix is real. As a result, the
following equations can be used to construct the inverse Haar transform.
H =H", H1=HT, i.e. HHT =1

where | is the identity matrix. For instance, n=4

(18)

-80-


https://en.wikipedia.org/wiki/Father_wavelets

[1 1 2 0] 1 1 1 1
HTH=1 1 V2 ojlf1 1 -1 -1
444 1 o\/ij'zﬁ—\/f 0 0

1 -1 ¢ —v2l Lo o V2 -2

1 0 0 O
_fo 1 0 0
0O 01 O
0 0 0 1
Thus, the inverse Haar transform is
xn:HTyn (20)

2.3. Daubechies wavelet: The Daubechies wavelets are often selected
to have the maximum number A of vanishing moments for a given
support width (this does not imply the optimum smoothness) (2A - 1).
The two naming conventions in use are DN, which stands for the length
or number of taps, and dbA, which stands for the quantity of vanishing
moments. The wavelet transforms D4 and db2 are so identical.

The one whose scaling filter has extremal phase is chosen from the
24~ 1feasible solutions of the algebraic equations for the moment and
orthogonality requirements. Using the quick wavelet transforms, the
wavelet transform is also simple to use. Daubechies wavelets are
frequently employed to solve a wide variety of issues, such as signal
discontinuities, fractal issues, or the self-similarity characteristics of a
signal.

In fact, the Daubechies wavelets cannot be expressed in closed form and
are not described in terms of the resulting scaling and wavelet functions.
The graphs below were created using the cascade algorithm, a numerical
method that involves simply performing an appropriate number of inverse
transformations on the values [1 0 0 0 0...].

Notably, the spectra displayed here are the amplitudes of the continuous
Fourier transforms of the scaling and wavelet functions rather than the
frequency response of the high and low pass filters.

Construction: In this case, the wavelet sequence (a band-pass filter) and
the scaling sequence (a low-pass filter) will both be normalized to have a
sum and sum of squares of two. They are sometimes normalized to have

sum+/2 such that any shifts of the sequences by an even number of
coefficients are orthonormal to one another.

When writing the orthogonality condition using the general representation
for a scaling sequence of an orthogonal discrete wavelet transform with
approximation order A.

The Daubechies wavelet transform is implemented via a pair of linear
filters. This filter pair must possess a characteristic known as a quadrature
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mirror filter. The coefficient values for filter of order 4 can be determined
by solving the coefficient of the linear filter c; using the quadrature
mirror filter property, which yields the solution shown below.

1++3 3++3 3 -3 1—-+3
= ) C :—, C =—’ C =
42 N 2T 42 T 42

2.5. Fitting the model: Akaike Information Criteria (AIC) is then a
means to choose the model that best balances these downsides, as under-
fitting a model may not reflect the true nature of the variability in the
outcome variable, while an over-fitted model lacks generality. AIC
criteria asymptotically overestimates the order with positive probability,
or classical null-hypothesis testing can be applied on the best model to
ascertain the association between particular variables and the outcome of
interest:

AIC = 2K — 2log(L(8/y)) (21)

K is the number of estimable parameters (or degrees of freedom), and
log(L(8/y)) is the estimated model's maximum log-likelihood. This

estimate has been further updated to account for tiny data samples:
2K(K+ 1)
If n is the sample size, K and AIC are as previously described, and This
correction is negligible and AIC is sufficient if n is big relative to K.
However, AICc is more broadly used and frequently used in place of
AIC. The model with the lowest AICc (or AIC) score is thereafter the
best model. The AIC and AICc ratings are ordinal and have no meaning
on their own, it is vital to remember this.
A model is more likely to be the true model if the Bayesian information
criterion (BIC) is lower, according to an estimate of the posterior
probability of a model being true, given a certain Bayesian setup:

Co

y

A diagnostic technique for evaluating a time series model's lack of fit is
the Box-Ljung test. For a series of vector auto-regressions of orders 1,...,
max lag(p), Varsoc reports the final prediction error (FPE), Akaike's
information criterion (AIC), Schwarz's Bayesian information criterion
(SBIC), and Hannan and Quinn information criterion (HQIC) lag order
selection statistics. BIC and HQ criteria estimate the order consistently
under fairly general conditions if the true order p is less than or equal. Iso
presented is a series of likelihood-ratio test data for all entire VARs with
orders lower than or equal to the highest lag order. The maximum lag and

0
BIC = 2logn — 2log| L (—) (23)
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estimation parameters in the post estimation version are dependent on the
model that was just fitted or the model that was specified in estimates
(estname), although the lag order for a vector error correction model can
also be chosen using the pre-estimation version of varsoc (VECM). The
lag-order selection statistics covered here can be applied when there are
I(1) variables, as demonstrated by Nielsen (2001). To help researchers fit
a VAR with the right order, numerous selection-order statistics have been
established. The output of the trend stationary [TS] var contains several
of these selection-order statistics. While retaining a common sample and
option specification, the varsoc command computes these statistics over a
range of lags p. It also performs a series of likelihood ratio (LR) checks
and computes four information criteria. The FPE, AIC, HQIC, and SBIC
are among the information criteria. The LR test contrasts a VAR with p
lags with one with p-1 lags for a certain lag p.

To choose a lag order using this series of LR tests, the null hypothesis is
that all the coefficients on the p-th lags of the endogenous variables are
Zero.

Hamilton (1994, 295-296) demonstrated that the log likelihood for a
VAR(p) is:

LL = g[ln|f‘1| — K.In(2m — K)] (24)

where T is the number of observations, K is the number of equations, and
% is the maximum likelihood estimate of E(u,u’;). The log likelihood
can be expressed as follows, where u, is the K x1 vector of disturbances:

LL(j) = 2[LL() — LL(j — 1)] (25)

2.6. Model-order_statistics: According to Lutkepohl (2005, 147), the
formula for the FPE (final prediction error) is as follows:

T +KP + 1\%
FPE = |Zu] (T —KP — 1)
by whom wrote
T + m\ X
FPE = |3 (T - m) (26)

where the average number of parameters across the K equations is
represented by m . This implementation takes collinearity-related
variables out of the equation.

The constant term should be removed from the log likelihood, according
to Lutkepohl (2005), as it has no bearing on inference. The Lutkepohl

versions of the information requirements are:
2

2P

AIC = In|Xu| + T
In(T)

SBIC = In|Zu| + ——PK® (28)

(27)
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2In[In(T)]
HQIC = In|Zu| + TPK2 (29)

where PK? is the total number of parameters in the model and LL is the
log likelihood.

2.7.The Stationarity: A time series with stationarity has characteristics
that are independent of the observational time. The variables in y; are
covariance stationary if their initial two moments exist and are
independent of time, which is a need for inference a y; fter var and svar.
A variable is covariance stationary, more specifically, if:

a- E[y;] isfinite and independent of t, for all t.

b- For any t, Cov[y; ,y] is a finite function of |t-s| but not of t or s by
themselves.

c- Forallt, Var[y,] is afinite number and is independent of t.

Only when all of the Eigen values for A, are smaller than 1 in absolute

value is a VAR(P) process considered stationary.

3. Results and discussion: lIraq's water shortage was the result of both
internal and external factors. Climate change, global warming-related
rains, the Tigris and Euphrates rivers coming from neighboring nations
rather than Irag, political unrest, and a lack of international law were the
external causes (Lack of water dams and lakes on the surface rivers in
Irag, non-creeping vegetation from river banks, lack of sedimentation,
lack or weakness of water supply, lack of modern irrigation methods, low
water cost, population increase).

The VAR(p) model to forecast the annual rate of water imports of the
Tigris and Euphrates rivers periods for the future years, using the VAR(2)
model by equation, it takes the data of water imports in lrag governorate
for the period between 1980 to 20 21table 3. As a result, the predicted
values of water imports from the Tigris and Euphrates rivers for next five
years in Iraq (2022-2026).

wavelet model: De-nosing Tigris Harr wavelet and De-nosing Tigris

db(2) wavelet are used after utilizing discrete wavelet transforms from
analyzing Matlab v.14 programming.
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Table 3: Water imports in Iraq of the Tigris and Euphrates rivers for
Years (1980-2021) billion cubic meters

Year Euphrates Tigris
1980 36.36 36.60
1981 29.80 9.99
1982 30.56 52.93
1983 31.43 54.40
1984 27.18 41.27
1985 37.22 34.00
1986 23.65 54.96
1987 17.22 32.60
1988 19.58 58.54
1989 46.73 86.66
1990 9.05 38.80
1991 12.40 30.87
1992 12.15 62.72
1993 12.37 66.36
1994 15.29 44.85
1995 23.90 66.40
1996 30.12 40.60
1997 27.64 42.75
1998 28.95 49.87
1999 18.61 18.60
2000 17.23 20.10
2001 9.59 21.28
2002 10.67 42.98
2003 15.71 51.13
2004 20.54 45,51
2005 17.57 38.07
2006 20.64 43.17
2007 19.33 37.76
2008 14.70 18.27
2009 13.57 27.97
2010 12.45 37.68
2011 14.62 32.94
2012 20.50 28.70
2013 17.85 27.46
2014 14.85 22.45
2015 13.54 21.80
2016 15.15 39.60
2017 13.16 27.37
2018 9.58 23.40
2019 16.95 76.56
2020 20.24 29.43
2021 13.00 18.24
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Source: Ministry of Water Resources in Iraq

From analysis Matlab v.14 programing by De-nosing Tigris Harr wavelet
and De-nosing Tigris db(2) wavelet applied De-nosing Haar wavelet
Tigris & De-nosing db(2) wavelet Tigris
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Table 4: Test of regression model (VAR) for variable (Tigris and

Euphrates)
. No. 2 2 2
Equation Parms. RMSE R X P>y
Tigris 4 19.7732 | 0.8133 | 174.269 | 0.0000
Euphrates 4 7.8875 | 0.8699 | 267.505 | 0.0000

Table 5: Vector Auto regression (VAR) for variables haar wavelet
(Tigris and Euphrates)

Years: 1982 -2021 Number of obs. =
40

Log likelihood = - —

287.8013 AIC = 1479006

FPE = 9096.566 HQIC = 14.91219

Det (Sigma_ml) = 5089.437 SBIC = 15.12784

From the table (5) the VAR model is the best because AIC (14.79006)
value is less than HQIC, SBIC values.
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Before forecasting we must check weather our VAR model has satisfied
all assumption or not (Diagnostic checking for residually):

Null: there is no serial correlation (no autocorrelation)

Alt: there is serial correlation (autocorrelation)

Table 6: Lagrange-multiplier test at lag order

Lag chi2 df Prob. > chi2
1 12.9412 4 0.01157
2 25,3275 4 0.00004

Null: Residuals are normally distribution
Alt: Residuals are not normally distribution
We accepted assumption for Null because the residuals are normal in
Lag(1) and Lag(2).

Table 7: Jarque-Bera test of VAR for normality

Equation chi2 df Prob. > chi2
Tigris 6.244 2 0.24058
Euphrates | 6.407 2 0.46175
ALL 12.650 4 0.35520

From the table (7) the single-equation and overall Jarque—Bera statistics
do not reject the null of normality, the null hypothesis is that the
disturbance term in that equation has a univariate normal distribution, for
all equations jointly, the null hypothesis is that the K disturbances come
from a K-dimensional normal distribution.

Table 8: analysis the matrix var(p) and test of stationary time series

Rank | Parameters LL Eigen value Trace Critical
statistic value 5%
0 6 -262.14105 23.2977 15.41
1 9 -254.52086 0.36125 8.0573 3.76
2 10 -250.49221 0.21099

From the table (8) we see the series in model var(p) for Lags(2) it
stationary because Eigen value less than one.

Now the forecasting for rivers Tigris and Euphrates rivers for years
(2022-2026)

-88-



Journal of Statisticians Union (JASU)

Vo7.No1.15/11/2023

Table 9 Forecasting Water imports in Iraq of the Tigris and
Euphrates rivers for years (2022-2026) billion cubic meters

Years Forecasting Fo re_cas_ting
Euphrates Tigris
2022 13.3759 23.8325
2023 11.9416 22.2784
2024 11.4039 22.2171
2025 10.7589 21.3063
2026 10.2494 20.5107

Table 10 Test of regression model (VAR) for variables haar wavelet

(Tigris and Euphrates
Equation | No. Parms. | RMSE | R’ x? P > x*
Haar Tigris 4 17.3937 | 0.8500 | 226.729 | 0.0000
Haar 4 6.2682 | 0.9156 | 433.7568 | 0.0000
Ephrates

Table 11 Test of Auto regression model (VAR) for variables haar
wavelet (Tigris and Euphrates)

Coef. | Std.Err.| z I;IZI [95%Conf.Interval]
Haar
Tigris

Haar L1 4985729 | .1828621 | 2.73 | 0.006 | .1401698 | .856976

L 1127973 | .1860474 | 0.61 | 0.544 | -.251849 | .4774436
Tigris L2.
Haar

Euphrates | .1655264 | .5016588 | 0.33 | 0.741 | -.817707 | 1.14876

L1. 5218336 | .4468163 | 1.17 | 0.243 | -.353911 | 1.39758
L2,
Haar

Tigris 133567 | .065898 | 2.03 | 0.043 | -.004407 | .262726

Haar L1. -.029369 | .0670467 | -0.4 | 0.661 | -.160779 | .102039
Euphrates L2.
Haar

Euphrates | .339829 | .180786 | 1.88 | 0.060 | -.014505 | .694161

L1. 403098 | .161022 |2.50 | 0.012 | .087502 | .718694
L2.

Table 12 Vector Auto regression (VAR) for variables
db wavelet (Tigris and Euphrates)

Years: 1982 — 2021 | Number of obs.= 40
Log likelihood =-287.8013 | AIC =14.79006
FPE = 9096.57 | HQIC = 14.91219

6089.438 | SBIC =15.12784

Det (Sigma_ml)
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From the table (12) the VAR model is the best because AIC (14.79006)
value is less than HQIC, SBIC values.

Table 13 Test of regression model (VAR) for variables
db wavelet (Tigris and Euphrates)

. No. 2 2 2
Equation Parms. RMSE R X P>y
db Tigris 4 17.3937 | 0.8500 | 266.729 | 0.0000

db Ephrates 4 6.26826 | 0.9156 | 433.757 | 0.0000

Table 14 Test of Auto regression model (VAR) for variables db
wavelet (Tigris and Euphrates)

Std. P
Coef. Err. z | >|z|] | [95%Conf.Interval]
db Tigris
L1. 498573 | .182863 | 2.73 | 0.006 | .140169 | .856976
L2, 112798 | .186047 | 0.61 | 0.544 | -.251849 | 477444
db
db Tigris | Euphrates
L1. 165526 | .501659 | 0.33 | 0.741 | -.817707 | 1.14876
L2, 521834 | .446816 | 0.17 | 0.243 | -.353911 | 1.39758
db Tigris | .133567
L1. - .065899 | 2.03 | 0.043 | .004407 | .262726
L2. .029369 | .067047 | -0.4 | 0.661 | -.160779 | .102039
db
db Euphrates
Euphrates L1. .339829 | .180786 | 1.88 | 0.060 | -.014504 | .694161
L2. 403098 | .161022 | 2.50 | 0.012 | .087502 | .718694

4, Conclusions:

1- We come to the conclusion that using the vector autoregression
VAR(p) model, which is one of the most effective, flexible, and user-
friendly models for the analysis of multivariate time series. By comparing
the expected annual rate of water imports for the Tigris and Euphrates
rivers during the next five years with their previous annual rates, we
conclude that the values of the annual rate of water imports from the two
rivers are decreasing after 2021.

2- The best statistic by AIC (14.79006) is provided by the model VAR(p),
which is less than HQIC and SBIC.

3- From diagnostic testing of all underlying assumptions to screening for
residuals, the optimum VAR(p).

4- The value of coefficient of determination(R?) increased after using
wavelet filter with the model VAR(p).
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5- Based on the foregoing, we conclude that the answer must come from
within Iraq and involve the building of dams and water storage facilities
rather than letting the water flow out to sea

6- The project aims to encourage farmers to use modern irrigation
methods in Iragi agriculture and to disseminate experiments that proved
the role of modern irrigation methods in reducing the consumption of
water, in addition to the Cree rivers and continuously to prevent the
growth of plants that consume water by the water and lining the drains in
order to reduce the waste water resulting from the project.
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A Statistical Study of Dermatological Diseases for f3-
Thalassemia Major Patients using ANCOVA

Mardin Sameer Ali (mardin.ali@pti.edu.krd)
Dr. Delshad Shaker Ismael Botani (delshd.botani@su.edu.krd)

Abstract

B-thalassemia has two types called major and minor, $-thalassemia
major is more dangerous than minor and it leads to blood disorder that
reduces the production of hemoglobin. Hemoglobin is an iron-containing
protein found in red blood cells and is responsible for transporting
Oxygen to all of the body's cells. The objective of this study is to evaluate
and compare the effects of gender and living place of patients (Inside city,
outside city) on degree of dermatological diseases for patients who have
B-thalassemia major, and taking into consideration that the duration of
blood transfusion (in years) was studied as a covariate for degree of
dermatological diseases. Two-way ANCOVA was used to analysis the
data by applying SPSS v.25 and MS Excel. The most important findings
in this study were the gender and place of living of B-thalassemia major
patients did not have significant effects on dermatological diseases (place
of living has slight effects on it), at the same time duration of blood
transfusion have a significant effects on dermal diseases and should be
taken into consideration by dermatologists and hematologists. Also, it is
recommended to have more attention to patients living outside the cities,
because there may be lack of medical centers related to thalassemia.
Keywords: Dermatological Diseases, ANCOVA, B-thalassemia major.
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1. Introduction

Thalassemia is a hemoglobin composition disorder marked by a lack of or
reduced compound of globin chains. It is most commonly found in
malarial, tropical and sub-tropical regions of Mediterranean countries, the
Middle East, Transcaucasia, Central Asia, the Indian Subcontinent (South
Asia), and Southeast Asia. o and B-thalassemia were the most common
kind of thalassemia [1].

Thalassemia (Hereditary Anemia) is a very common genetic disorders in
the world where around 4.83% of the people in the world carry globin
heterozygous for a-thalassemia and B-thalassemia [2]. It caused by
inheritance of an affected allele from father and mother, and the
fundamental abnormality in thalassemia is impaired production of the
globin chain, so thalassemia is named by reference to the affected globin
chain: a-thalassemia involves the a-chain, B-thalassemia the f-chain [3].
B-thalassemia is a blood condition that causes a decrease in hemoglobin
production. Hemoglobin is an iron-containing protein in red blood cells
that transports oxygen to all of the body's cells. Low hemoglobin levels
cause an oxygen shortage in many regions of the body in patients with -
thalassemia. A lack of red blood cells (anemia) affects those who are
affected, resulting in pale skin, weakness, weariness, and other major
problems. People with p-thalassemia are more likely to have irregular
blood clots [4].

B-thalassemia is divided into two categories based on the severity of
symptoms: B-thalassemia major (also known as Cooley's anemia) and [3-
thalassemia minor. People with significant -thalassemia will require
regular blood transfusions and may not live a normal life. Pale skin,
yellowish skin (jaundice), poor appetite, infections, belly (abdominal)
enlargement, and other symptoms are common [5] [6]. There appears to
be a strong link between dermatological illnesses and -thalassemia major
[2] [7]. As a result, the authors try to find a relationship and effects of
some factors on dermatological diseases for f-thalassemia major patients.
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The great importance of this study is to any Private or governmental
institutions who have direct or indirect relationship with Hereditary
Anemia such as hematological hospitals, University of medicine, private
centers and hospitals of dermatology and hematology, etc.

The body of this study is divided into 5 sections, first section is devoted
for introduction and basic concepts, second section is related to objective
of the study, methods and materials of the study is the address of third
section, fourth section is concerning the results which consists of an
overview of descriptive statistics and Analysis of Covariance
(ANCOVA), and the last section is devoted for conclusions and
recommendations. Each section may be divided into sub-sections
depending on the subjects and requirements of the study.

2. Study Objectives

The main objective of this study is to evaluate and compare the effects of
two factors: gender and living place of patients (Inside city, outside city)
on degree of dermatological diseases for patients who have B-thalassemia
major, and taking into consideration that the duration of blood transfusion
(in years) was studied as a concomitant (covariate) for degree of
dermatological diseases. The appropriate experiment for this situation is
called Two-Way ANCOVA and had been used for data analyses.
Depending on the above objectives, the authors stated 4 main scientific
hypotheses concerning this study and they are as follows:

First:

Ho: There is no significant difference in degree of dermatological diseases
among males and females of B-thalassemia major patients.

H.: There is significant difference in degree of dermatological diseases
among males and females of B-thalassemia major patients.

Second:

Ho: There is no significant difference in degree of dermatological diseases
among of B-thalassemia major patients who are living inside and outside
cities.

H.: There is significant difference in degree of dermatological diseases
among of B-thalassemia major patients who are living inside and outside
cities.

Third:

Ho: There is no significant interactions in degree of dermatological
diseases between gender and place of living (address) of B-thalassemia
major patients.

Hi: There is significant interactions in degree of dermatological diseases
between gender and place of living (address) of B-thalassemia major
patients.
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Fourth:

Ho: There is no significant effects of duration of blood transfusion on
degree of dermatological diseases for B-thalassemia major patients.

Hi: There is significant effects of duration of blood transfusion on degree
of dermatological diseases for B-thalassemia major patients.

3. Methods and Materials

3.1. Data Collection

The data that used in this study is belonging to an MSc student from
Medicine College — Hawler Medical University, after the owner's
permission and completion of the MSc study in 2015. The data is
concerning 176 [B-thalassemia major patients who were visiting Erbil
Thalassemia Center for a period starting from April, 2013 until January,
2014. The collected data is related to patients with ages starting from new
born babies until 34 years old, the studied variables are consisting of
gender, address (living inside or outside cities), degree of dermal
symptoms (response variable), and duration of Dblood transfusion
(covariate variable). The data entering and analyzing were done using
SPSS V.23 and Microsoft Excel 2013.

3.2. Methodology

Since this study trying to understand the dermatological diseases effects
for P-thalassemia major patients, solving specific practical medical
questions related to dermatological diseases, and data had been collected,
the applied research is being taken into consideration. The ANCOA has
been used to analyze the dermal diseases related to -thalassemia major
patients because there are many cases in KRG with hereditary anemia.

3.2.1 Analysis of Covariance (ANCOVA)

In studying ANOVA, an analyst applies several treatments or
treatment combinations to randomly selected experimental units and then
wants to compare the treatment means for response (dependent) variable.
In ANOVA, linear models are used to facilitate a comparison of these
means. Then the model is consisting of one continuous response variable
with one categorical independent variable or more. In ANCOVA, the
situation is the same except that there are one categorical independent
variable or more with one continuous independent variable or more.
These extra continuous independent variables may affect the response
variable, these are then known as covariates or concomitant variables.
Analysis of covariance is sometimes described as a blend of ANOVA
and regression [8] [9].
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Before conducting any statistical analyses especially ANCOVA,
one must know under which conditions should be implemented this
analysis. Therefore, below are some important assumptions required for
conducting this analysis [8] [9] [10]:

1)  The response (dependent) variable and covariates should be
measured at the continuous level (scale variable).

2)  The independent (explanatory) variables should contain categorical
variables and continuous variables (covariates).

3)  The response variable is linearly related to the covariate. If this
assumption holds, part of the error in the model is predictable and can be
removed to reduce the error variance.

4)  The slopes of the groups (treatments) are the same. This
assumption is called the assumption of homogeneity of regression slopes.
If we computed and drew the regression line for each of these
scatterplots, they should look more or less the same if the assumption is
met (1.e., the values of 3 in each group or treatment should be equal).

5) Independence of the covariate and treatment effect. The covariate
shares its variance only with the unexplained variations (i.e. there is no
interaction between the covariate and the independent variable).

6)  The dependent variable (or residuals) should be approximately
normally distributed for each treatment.

7)  Homogeneity of error variances for each treatment, i.e. o = o7 =
o = g2,

3.2.2 Two-Way ANCOVA
The linear statistical model of two-way ANCOVA is as follows [11] [12]:
Yijk = B+ a; +Vj+ 6 + Bxiji + €55 ... (1)
Where: i=1,2,..,a ; j=12,...,b k=12,..,n
u = the overall mean score.
a; = the true effect of the i" level of factor A.
y; = the true effect of the j™ level of factor B.
8;;= the effect of the interaction between «; and ;.
x;j,= the covariate measured on the same experimental unit
as yij-
€;jx = random errors component and approximately
distributed NIID (0, c2).
The above model can be written in matrix form as follows:
Y=Za+Xp+e..(2)
Where Z contains Os and s, o contains p and parameters such as a;, y;,
and o; representing factors and interactions; X contains the covariate
values; and B contains coefficients of the covariates. If there are 2 levels
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for each factor with one covariate, then equation 2 can be rewrite as
follows:

Y111
(J’nz\

Yi1in
Y121

Y122

Yizn | =
Y211

Y212

y21n
Y221

oo/

110 . 0 /xlll\ €111
(1 1 0 0\ x1.12 ‘51.12
i 1 0 : 0 K X11n €11n
1 0 1 0 a; X121 €121
1 0 1 - O @2 X122 €122
L V1 : :
1 0 1 0l Y2 [+ 20 |B+] €120 ..(3)
1 0 O 0 611 X211 €211
1 0 O 0 812 X212 €212
L 521) : :
100 200 8622 X21n €21n
100 1 X221 €221

Gio-d )\

The estimation of the parameters are as follows [9]:

B=[XU-ZZZ2) DX XU -2Z2(ZZ)"12)Y ...(4)

&= (ZZ)"'ZY — (ZZ)"'ZXB ...(5)

If both factors and their interactions have fixed effects, then the ANCOVA
table for model in equation 1 will be as follows (table 1):
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Table 1: Two-Way ANOVA Table (Factorial CRD

S.0.V. d.f. S.S. M.S. F N
Treatments ab-1 SSy MS¢
A a-1 SS MS MS, 554
" A MS 5SSy
B b-1 SS MS MSg SSp
i ® MSg 5SSy
MSag SSaB
AB -1) (b-1 SS MS
(a-1) (b-1) AB AB MS, 5.
] MS SS
Covariate 1 SScov MScoy MSCZV S;Z"
Error ab(n-1) SSe MSg
Total abn-1 SSt
Where:
SStT' =
3’12} yZ Eije(xije—%i) YY) Dijeije—%.) Oije=y )1
Zij % + = 2 - X —T )2 .. (6)
n abn Zijk(xijk_xij,) Zl]k(xl]k x.)
2 X .. 12
_ 2 Vi Dije(ie—%ij) 0ije=ij)]
SSerror - Zijk yijk n Zijk(xijk—fij.)z (7)

SSi=bn ) @ -E)FL-F) (8
i=bl

SSp=an ) (% % )7 -7) (O
j=1

SSap = nZ(fij. % —%,+% )7 -y -V, +y.) -.(10)
ij
SSy = bn X (xujxc — 7...)2 - (11)

SS; = SS,. — SS, — Sg%rmr . (12)
Eta Squared = n? = —L¢¢ (13)
SSTotal

In the next section, all the above equations and ANCOVA table will be
used to understand the nature of the data and how they are correlated. The
assumptions of the two-way ANCOVA are going to be checked and then
the raw data will be analyzed.

4. Results

This section will be divided into 2 main sub-sections related to data
analysis for the comparison of the effects of some categorical and
continuous variables on the degree of dermatological diseases. The
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obtained data were analyzed through SPSS V.23 and Microsoft Excel
2013. Depending on the hypotheses that were referenced in the third
section, two-way ANCOVA methods had been used in this section to
know these effects.

4.1. Descriptive Statistics

Figure 1 shows that 28% of patients are females living outside city and
18% — females living inside city, 31% — males living outside city, 23% —
males living inside city, i.e. that percentage of males who live outside the
city is highest and females who live inside city is lowest.

Address

B inside City
I outside City

100

80—

Count

40—

20—

Female Male

Gender

Figure 1: Gender and living place of p-thalassemia major patients

An important descriptive statistics are presented in table 2 which consist
of number of patients, mean, standard deviation, and Standard error of
mean according to gender and address (living place). The degree of
dermatological diseases is approximately the same for males and females
and for patients who live inside or outside cities (they have almost the
same means). Concerning the duration of blood transfusion, there is a
difference between patients who live inside and outside the cities, but
there are approximately the same means for males and females.
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Table 2: Descriptive statistics for degree of dermatological diseases
and duration of blood transfusion according to gender and living
place (address)

Duration of Blood Dermatological Diseases
Variables Transfusion (Years) Level
N x | SD | SE N x SD | SE
Inside City 73 100 6.2 T 73 | 42 | 18 2
Address | Outside City | 103 | 9.1 | 5.7 .6 103 | 44 1.6 2
Total 176 94 | 5.9 A4 176 | 4.3 1.7 A
Female 81 95 | 59 7 81 | 42 | 18 2
Gender Male 95 94 | 59 .6 95 | 4.4 1.6 2
Total 176 94 | 5.9 A4 176 | 4.3 1.7 A

Table 3 is a very important table which illustrates the above table in
another way using an interaction between gender and duration of blood
transfusion. The results are differ with table 2 because there are
differences between patients who live inside cities and outside cities for
male and female, but there are little differences between patients who live
inside cities and outside cities according to male and female for the
degree of dermatological diseases.
Table 3: Descriptive statistics for degree of dermatological diseases
and duration of blood transfusion according to combination between
gender and living place

Duration of Blood Degree of Dermatological
Variables Transfusion (Years) Diseases
N x | SD | SE N x SD SE
Inside City 32 99 | 6.7 | 1.2 32 | 39 | 20 4
Female | Outside City | 49 9.2 | 53 8 49 | 44 | 16 2
Total 81 95 | 5.9 7 81 | 42 | 18 2
Inside City 41 10.0 | 5.8 9 41 | 44 1.7 3
Male | Outside City | 54 89 | 6.0 8 54 | 45 1.6 2
Total 95 94 | 59 6 95 | 44 | 16 2

It is interesting to have a look at the histogram and Q-Q plot of dependent
variable without any restriction. Figure 2 show these two figures and it
appears that the response variable distributed normal.
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Figure 2: Histogram and Q-Q plot of degree of dermatological
diseases (Response variable)

4.2. Data Analysis (Two-Way ANCOVA)
This section is the most critical section in whole study because its results
will lead to have conclusions about the study hypotheses. Therefore, right
results of this section will be a basis for right conclusions and
recommendations. ANCOVA is a statistical method that can be easily
used for studying phenomena that have quantitative outcome and two (or
more) categorical independent variables with one (or more) continuous
independent variable. As mentioned in the previous sections that
ANCOVA method have some assumptions that must be tested and
checked. The familiar assumptions are equality of error variances and
normality of dependent variable.
To test the equality of error Variances, Levene's Test was used and it
shows significant results (Fii72) = 1.72, P-value = 0.165), i.e. non-
violation of an assumption. However, in this case the non-significant
result suggests the variance is equal across the various combinations of
gender and place of living.
Concerning the normality assumption of the residuals of response
variable, table 4 shows that errors are distributed normally depending on
Shapiro-Wilk test or Kolmogorov-Smirnov test. It is worth to say that
there is no relationship between covariate variable and the other two
categorical variables.

Table 4: Test of normality for residuals of response variable

Kolmogorov-Smirnov? Shapiro-Wilk

Statistic Df Sig. Statistic | df Sig.

.048 176 .200* 993 176 | .555

Variable

Residuals of response
variable

*, This is a lower bound of the true significance.

a. Lilliefors Significance Correction
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Concerning the relationships between response variable and covariate,
there is a significant correlation between them (r = 0.49,p — value =
0.00). Also, there is no significant interaction between covariate variable
and the two factors.

All the assumptions of two-way ANCOVA are satisfied, so it can be
producing table 1 using equations 6 to 13 in order to construct equation 1
which is related to linear statistical model of this kind of experiment.
Table 5 describe the two-way ANCOVA table with all calculations of
finding the effects of first factor, second factor, interaction, and the
covariate variable.

Table 5: Two-Way ANCOVA table for gender (Factor A) and living

place of patients (Factor B) effects on the degree of dermatological

diseases
soVv. | df ss. M.S. F | pvalue | F® ?:;‘zu)ared
A 1 3.483 3.483 1.611 206 0.007
B 1 7.468 7.468 3.453 .065 0.015
AB 1 720 720 333 565 0.001
Covariate 1 122.742 | 122.742 | 56.761 .000 0.250
Error 171 369.778 2.162
Total 175 | 499.222

The above table shows that there are no statistically significant effects of
the two factors, also, there is no statistically significant effects of the
interaction between the levels of two factors because P-Value < 0.05.
Figure 3 clearly describe the interaction between the gender and living
place of patients for increasing and decreasing of dermatological diseases
degree, it seems that there is a weak effects of the two factors on the
dermatological diseases.

Address

———Inside City
Dut=sicde City

Estimated Marginal Means
w
0]
|

T T
Female Male

Gender

Figure 3: Interaction effects of gender and living place (Address)
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As a general, B-thalassemia major patients who live outside cities are
more exposed than patients inside cities. The duration of blood
transfusion has a great effect on the response variable as shown in figure
4,

10—

&5 (=] (e =]

o O =) oo oo L=

[l [=] [= e} [=] (=Nl sessies] oo (o] (=]

O OO0 OO0 OO0 O OO O O Sy (=] Lo ] (=]

4— = lalasslasNaslslslslse] oo (= =)

OO0 OOEpaD O OO0 O OD D O OO0

Degree of Dermatological Diseases

T T T T T
a0 10.0 20.0 0.0 40.0

Duration of Blood Transfusion (Years)

Figure 4: Relationship between duration of blood transfusion
(Covariate) and degree of dermatological diseases (Response
variable)

Finally, the study had been finished and remained just the conclusions
and recommendation to be discussed that are the most important findings

in any scientific research.

5. Conclusions

Depending on the results of the analyses in chapter three, the most
important conclusions are as follows:

1)  There are no significant effects of gender and living place of
patients on the degree of dermatological diseases for B-thalassemia major
patients.

2)  The effect of duration of blood transfusion (Covariate) on the
degree of dermatological diseases for B-thalassemia major patients is
statistically significant.

3)  There is a slightly difference between the degree of dermatological
diseases of patients who living in outside cities and inside cities.
Therefore, depending on the study results and conclusions, the most
important factors that had effects on the degree of dermatological
discases for B-thalassemia major patients is the total years of blood
transfusion and should be taken into consideration by dermatologists and
hematologists. Also, it is recommended to have more attention to patients
living outside the cities may be there is few medical centers related to
thalassemia.
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- ABSTRACT:

Censored regression models are among the critical statistical models
used in many studies and research, mainly in which the data are restricted
in one part and not another. Hence, it is difficult to use and apply
traditional regression models to those data to analyze and study the
relationship between the variables affecting them. Many well-known
censored regression models, such as the Tobit model, are the most widely
used among these models. In this paper, we used extended models of
statistical distributions transformed into regression models capable of
analyzing survival and reliability functions within the censored data.
They can be considered as censored regression models, including the
Log-BXIl Weibull model from the Weibull distribution and the Log-
BXIIEE model from the Exponentiated Exponential distribution in
addition to the Tobit model and estimating the parameters of these
models by the (MLE) method and applying these models to the data of
(259) patients with renal failure (156 males and 103 females) of the
dependent variable (Urea) and comparing the results of the three models
through the use of comparison criteria (AIC, and H-QIC). Using SAS
software showed that the three models are equivalent and parallel in
importance, meaning researchers can use any new model rather than the
Tobit, the most widely used censored regression model.

Keywords: Tobit Model, Log-BXIIEE Model, Log-BXI1W Model.

- INTRODUCTION:

Studying regression models, their data structure, and parameter
estimation of those models by conducting statistical inference are
essential issues and the focus of many researchers' attention which are
compatible with regression models and considerable progress in
technology that can estimate the models. Linear regression models have
been and still are the most significant share because they are one of the
most influential and well-established statistical tools in many applied
research fields. They are the most common and used for analysing
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experimental problems in social, economic, and life sciences. Because it
allows estimating the effect of explanatory variables on the dependent
variable by returning point estimates and standard errors to calculate
confidence intervals and p-values. Various deductive models and tools
exist, from traditional linear models to nonparametric regression.

The censored regression model is concerned with the study and analysis
of the censored data where it is possible to define censoring in statistics
as a case in which the value of the measure or the value of observation is
partially known meaning that the information is incomplete. At the same
time, there is a case in which the information is entirely concerning
(uncensored data). The (censored data) can be defined as the data or
values that have not been observed, or it is impossible to measure their
viewing or complete record information about the viewing during the
study or research period. Furthermore, we can say that censored data is
the number of failed units for a particular period of the experiment or the
period specific to the investigation and then knowing the number of failed
units, and it can be said that the value or observation occurs outside the
parameters of the study or measurement tool. While addressing the issue
of censored data, we must demonstrate that the data points to a gap in the
sample's knowledge, making it challenging to determine or assess
whether the distribution of those data is known.

The most critical problems facing statisticians or those interested in
applied statistics are the estimation of unknown parameters of the
statistical model and when there is more than one model representing the
phenomenon studied. Therefore, the problem of this paper is described in
the estimate of the parameters of the three models used in our study,
which are the Tobit Model, Log-BXIIW, and Log-BXIIEE, and
comparing those models in the presence of censored data, then selecting
the best model. Also, we reviewed censored data, the MLE method, the
Tobit model, the LBXIIW model, and the LBXIIEE model; the
comparison criteria (Akaike Information Criteria, Hannan-Quinn
Information Criteria) were also applied in the practical aspect of the study
on sample 259 patients.

- CONCEPT OF CENSORED:

When data or observations are constrained in one defined part and
undefined in the other, this is called censored data; therefore, using the
traditional regression model will result in biased and inconsistent
estimates. As a result, a suitable model for that data must be chosen, and
this model is known as the censored regression model.

Censored data are values or data that are not observed, the inability to
measure them, or the failure to record complete information about the
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observation during the study period. It may be characterized as figuring
out how many units failed within a given experiment, deciding on a
specified time for research, and then knowing how many units failed.
There is another definition, which is the value or observation that occurs
outside the study scope at the measurement instrument. The types of data
subject to censoring include: (Lawless, 2011)

1- Type | Censored Data:

It is also called right censoring when a sample of size (n) and a
predefined period will be the number of observations subject to (r). The
observed value of (k) is an unexpected result, and the time of the
experiment is fixed (time is a fixed amount); the number of observed
failures is a random variable because failure times on the right are
missing, and (r) is a random variable that cannot be determined until after
time expires. (Balakrishnan, 2013)

2- Type Il Censored Data:

It is also called left censoring when the sample size (n) and the
number of observable observations (r) are fixed and predetermined".
Therefore, the experimental time will be time (t), the random variable that
cannot be determined. This type of censoring is used in event time
studies. (Time-To Event). The main difference between the first and
second types of observation is the random outcome under the censored
data. (Rinne, 2008)

3- Type Il Censored Data:

In this type of censoring, data or units of observations are located

somewhere on a time interval between two points.

Observations C h O 0

4

Time

Figure 1. Description of the three types of censoring A, B, and C.
(Salih, 2015)
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- MAXIMUM LIKELIHOOD ESTIMATION METHOD (MLE):
MLE Method is one of the most important and widely used
parametric estimation methods. In this method, we find the estimation of
the parameters that have the maximum likelihood function, and the
estimators of this method are characterized by their excellent accuracy
compared to other methods. It expresses the likelihood function as
follows:
L(x1, ey X3 9) = f Q03 9). f (x259) oo f(xns9) = Iy f(x59) ¥
=1,2,..,n (D

L(xq, oo, % 9) = [9%1(1 — 9)1~%1] ... [9%n(1 — 9)1~%n]
= 9LEaXi(] — 9)nTiza Xi (2)

by taking the natural logarithm of (2)
InL =" x;In9+ -1, x)In(1l-9) 3)

When taking the partial derivation of the equation (3) for 9, the following
IS obtained:

olnL 1 1 Yieq Xi

% = Qisx) 5+ (= Xin, Xi)m -1 = Tlx (4)
By equaling the above equation to zero get the maximum likelihood
estimate. (Bhuyan, 2010)

- CENSORED REGRESSION MODELS:

It is necessary to model some distributions to generate new shapes
and models that can be used to find new regression models that can be
utilized in the study of survival analysis and reliability within censored
data, resulting in censored regression models.

Here, the focus is on the log-BXIl Weibull model and the log-BXIIEE
model using the BurrXIl system, which is a distribution that emerges
from the Burr distribution and because it is used to transform
distributions, it is called the BurrXIl system. The BurrXIl distribution,
which contains Logistic and Weibull figures, is a prevalent and special
model for survival data modeling and phenomenology modeling.
(Arellano et al., 2012)

In 1942 Burr distribution was created by (Irving W. Burr) and the name
of the distribution is derived from it; since the probability density
function (P.D.F) has a set of shapes, Burr distribution is useful for
approximating the graphs of those shapes, especially when a
mathematical environment is needed for the (C.D.F). Burr distribution
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includes different distributions such as normal, log-normal, and logistic
distributions. (Paranaiba, et al., 2011)

1- Tobit Model:

The Tobit model is the result of a combination of multiple regression
model and Probit analysis, where the values of the dependent variable
(y*) are not observed for some observations. However, the values of the
explanatory variables (X's) can be observed for all observations. The
Tobit model was proposed by James Tobin (1958) to describe the
relationship between the dependent variable and the explanatory variables
through his study of household expenditures on durable goods using a
regression model, taking into account the fact that expenses (as a
dependent variable for his model) are a positive value that does not can be
negative. The Tobit model deals with dependent variable data because it
iIs divided into two sections, each with its distribution function.
Observations with values equal to or close to (0) take the (C.D.F), while
observations with values greater than (0) take the (P.D.F), and we get the
mixed function that expresses the Tobit model by multiplying the
functions (C.D.F) and (P.D.F). The Tobit model has the following general
form: (Tobin, 1958)

J’i*=]/+gwxi;‘€i . (5)
(¥ if y*>

g ~ N(0,02) ) y* ~ N(xg,c?)
Where:

y: aconstant.

A: restriction point.

yi: the dependent variables.

y*: the latent variable.

g: the model's parameters.

x;: the explanatory variables.

We derive the mixed function for the following by multiplying equations (2) and (3):

ro) =|—= exp<_M): -2 ()] o

V27ra? 2072 o
WhenA =0
[ 1 (v — xg)%\] —xg
fQ) = N exp <— T)_ [1 -9 (T)] )]
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And it can be expressed as follows

ror =[5 (252 I
-9(=7) ©)

o
Where:

¢ (.): the probability density function (P.D.F).
IJ(.): the cumulative function (C.D.F).
Applying the maximum likelihood method, get the following:

(1 (yi — xg) —Xg
Lro) = H[E‘P(‘T)] 1-o(Z0)] o
by taking the natural logarithm of (3), we get:
c (yi — xg)
InlL = [—lna+lnq’)—]
2

o

+in|1-0(- ﬁ)] (11)

o

We utilize numerical approaches to acquire estimates of the Tobit model
since it is difficult to discern the estimation of the most significant
possibilities of the above equation. (Carson, 2007)

2- Log-BXI11 Weibull Model:

This distribution was first utilized by French scientist Maurice in
1927. However, the Swedish scientist Weibull explicitly classified it as
one of the continuous distributions and one of the most commonly used
failure models in recent years. It gained significance and a significant
position in life testing and reliability. When the rigorous randomness
constraints of the exponential distribution are not satisfied, this
distribution is generally appropriate. As a result, this distribution
increases versatility and comes in three variants based on the number of
parameters: one, two, and three. (Thomopoulos, 2017)

Suppose (x) is a random variable that represents the failure time. The
Weibull distribution's probability density function (P.D.F.) and
cumulative distribution function (C.D.F.) are then stated as follows:

fGav'g) =v'g ™ (x/g ) e (— (1)y*> (12)
* g*
FGgyhg)=1—exp (— (i)y ) (13)
g‘*
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Where: x > 0,y* >0, =0
X: a random variable.

y*: a shape parameter.

g*: ascale Parameter.

Several regression models have been presented in recent years, such as
the log-BurrXIl Weibull model, built using the location regression model,
and the Burr distribution with Weibull. LBXIIW may be stated
mathematically using the following formula: (Yousof, et al., 2018)

o o |1mew(-2) ]
o= G e (-2 [T
[1 exp gi ]
]/ T
1+exp(—gi) —(b+1)
1—exp(—§)y

x~ BXIIW (y*,¢",1,b)

Where (7) and (b) are the parameters of the Burr distribution, location
regression models can be distinguished by the random variable y =
log(x) having a distribution where position u(v) leans on the
independent variable vector (v) in practice; this means that for different
levels or values of the independent variable (x), the position parameter
has different values. The following is the location regression model:

y=uv) +oz (15)

Where z has a non-dependent distribution on (v), and the random variable
(y) has a probability function for each (y € R). Given that the random
variable (x) has a probability function (13) and is distributed BXIIW, and
that the random variable y = log(x),y* = e #and g* = 1/0o.
The probability function (11) is as follows:
f,t,b,u,0) (Cet-nio)
b [1 —exp(—eY~H/o)]*1 Yo
=— T p— [1+[exple ( )
exp (—Te o —( > ))

_ 1]1']—(b+1) (16)
Where T >0, b > 0, are the shape parameters and that (u € R) is the location
parameter and o > 0 is the scale parameter. (Thomopoulos, 2017)
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Given that the equation (16) reflects the LBXIIW distribution and that

y~ LBXIIW (t,b,u,0) and Y~ LBXIIW (t, b, u, o), the standard random

variable Z = (Y — u) /o, the (P.D.F) for (2) is as follows:
[1—exp(—e?)]"™"

f(z;t,b) =1b exp(—e? —2) [14 [exp(e?)

_ 1]1']—(b+1) (17)
The linear regression model that links (y;) and the independent variable
vector x! = (v, ..., Vip), Where T has a BXIW distribution as a

random variable.
y=u+oz; (18)

Where:

z;: the random error has a (P.D.F) function (14).

u;: the location parameter of y;.

p; =v;"t, T=(13,..,7p)" the vector related to independent variables.
>0, b > 0,0: unknown parameters.

The LBXIIW model can also be used to fit a variety of data types where
independent variables influence the average response to Y significantly.
Suppose that D and E are data sets representing log-lifetime and log-
censoring, respectively. The MLE approach and the natural logarithm of
equation (18) are used to estimate the vector (y = (t,b,k7,0))
parameters. In that case, the following results will be obtained:

Vi — 1)

Z:
u. e e l Z —_—
l ) l o

Where (r) represents the number of failed observations, the equation will
be as follows:

In(@) =rin(tb) —rinc+(t—1) ) m(1—e ™)+t ) (u; +2)
—(b+1) Z In(1 + (e 1)7)

IEG

_b z In (1 + (t#)} (19)

IEG

The estimation for the parameters vector 1) can be discovered using
statistical software, including the NLMixed library in SAS software.
(Lawless, 2011)
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3- Log-BXII Exponentiated Exponential Model:

This distribution was discussed by Gupta (1998). It is a novel
continuous distribution of exponential distribution families. It has to scale
and shape parameters comparable to those found in the Weibull
distribution family and the gamma distribution. Features of the Weibull
and Gamma distributions are identical to the characteristic of this
distribution, which may also be employed as an alternative. The
Exponentiated Exponential distribution function (P.D.F) can be
represented as follows:

A S B A (R (20)
The (C.D.F) can be represented as follows:
FOoy™, A7) = (1—e *X)r" (21)

Where:

A*: a scale parameter of the exponentiated exponential distribution.
y**: a shape parameter of the exponentiated exponential distribution.
The mathematical formula for BXIIEE is: (Ibrahim, et al., 2020)

flx) =
]Ty**—l

[1—3_/1*"
= |1+

[1—(1—e—A*x)V**]

o T\ P71
[1—e"1*x]y
T (22)

x~ LBXIIEE (z,b,y™, 1)

Thy* A* e Ax

The model may be stated using the location-scale regression model,
which relates the independent variable vector v{ = (v, ... ,v;,) with
the response variable average, as follows:

y=v!g+ oz Vi=1,..,n (23)

T is a random variable that tracks the BXIIEE distribution, whereas y
follows the LBXIIEE distribution. (Kundu, et al., 2001)

Assuming that M and N are sets of items for y; representing log-
censoring or log-lifetime, respectively, and that censoring times and
lifetimes are independent. The LBXIIEE regression model will be as
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follows when using the (MLE) method to estimate the parameters of the
vector & = (7,b,y**, 1, ¢7) and taking the natural logarithm: (Lawless,
2011)

by A*
n(é)=rin —A") u+@y”—1) In(1 —exp(—1A*y;))
(=)-%2, 2,
+(y™—1) ) In(1—exp(—A"u;)*
+ " +1) In(1— (1 —exp(=1*u))""
1 —exp(=ru))"” \
—-(b+1) ;4 In (1 + (1 Yo exp(—/l*ui))y**> )
+ In{1
. (1
(1 - exp(—2u))”” \\
—exp(—1*u;
T (1 -(1- exp(—l*ui))y**) ) (24)
Where:
— 57 _ (yl - vng)
u; =et ) Zy =
o

The feature vector (§) can be estimated using the NLMixed library in
SAS.

- COMPARISON CRITERIA:

It is known statistically that several models are used to study a
particular phenomenon to reach the best model that represents it. There
must be a comparison criterion based on which comparisons are made
between these models, and there are many statistical criteria through
which comparisons are made in choosing the best model. We will address
some of these criteria, which are AIC and HQIC, and below, we will
review these standards.

1- Akaike Information Criterion (AIC):

Named after Japanese statistician Hirotsugu Akaike coined in 1974,

the AIC rates the quality of each model when there is a set of data
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models, and provides a means for selecting the best model; its
mathematical formula is as follows:

AIC =-2p+2p (25)

Where:

p: the number of model parameters.

p: the maximum likelihood function value.

The model that has the lowest value for this criterion is the best. (Takane,
etal., 1987)

2- Hannan-Quinn Information Criterion (H-QIC):

It is a criterion proposed by Hannan & Quinn in 1979. This criterion
iIs characterized as being objective and automatic and is highly
proportional to small sample sizes and its formula:

HQIC = —2p + 2p log [log(n)] (26)

Where:

n: sample size

p: the number of model parameters.

p: the highest value of the maximum likelihood function.

The model that has the lowest value for this criterion is selected. (So, et
al., 2009)

- RENAL FAILURE:

Renal failure disease is a deficiency in the work and functions of the
renal, which leads to a general imbalance in the body. It is also known as
the deterioration of the ability of the renal to filter impurities in the blood,
where the renal becomes unable to perform its typical job of filtering the
body's by-products from the blood. Renal failure often results from
persistently high blood pressure or diabetes, in addition to infections and
genetic diseases of the renal that can cause permanent failure. Renal
failure takes two forms, acute and chronic.

1- Acute Renal Failure:

It is the sudden cessation of renal function from working for a few
hours, days or weeks in a critical manner, where toxins and metabolic
products accumulate in the body in the blood, which leads to a sudden
rise in the proportion of urea and creatine in the blood. The renal usually
returns to total efficiency when the cause is gone.

2- Chronic Renal Failure:

Its symptoms may not begin to appear until after the renal efficiency
is less than 25% of its function volume, and the renal does not return to
its function even after the removal of the cause. This disease was chosen
as a practical aspect of this study for presenting actual data for patients
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with renal failure and the absence of a previous statistical survey dealing
with kidney failure in Kirkuk governorate-Irag. Data on this disease was
collected from the patient records in Kirkuk General Hospital / Industrial
Renal Unit for 259 patients, 156 patients from male and 103 female
patients.

The stages of renal failure are five steps and are calculated using the
filtration rate:

First stage: Renal function decreases with few symptoms.

Second and Third stage: The need for care increases to relieve and treat
renal dysfunction.

Fourth and Fifth stage: The patient needs treatments, and the disease is
considered severe in these stages and requires dialysis or a kidney
transplant if possible.

- DATA ANALYSIS AND ESTIMATION:

In this section, we review the tables for estimating the three censored
regression models used in this paper and the criteria used according to the
variables (gender - age - Urea - Creatinine). Where the analysis and
estimation of three models (Tobit, LBXIIW, and LBXIIEE) are done
when Urea is a dependent variable, analyzing these models includes
extracting T-test values, standard error values (S.E), and P-values based
on variables that significantly affect the dependent variable. In addition to
the table of comparison criteria between models above to know the best
model, the scales of Urea (0.5-1.0) mg-dl and creatinine (0.5-1.1) mg-dl.

- Urea As a Dependent Variable:

The three models (Tobit, LBXIIW, LBXIIEE) are estimated for the
data of patients, considering that the dependent variable is the Urea, after
the same variable is calculated for the data in general in the previous
paragraphs. The following tables show the results of the analysis and
estimation of the mentioned models for patients.

1- Practical Application Using the Tobit Model:

Table 1. Tobit model parameter estimation for urea variable.

Step Variable g S.E T P-value
constant 18.540 6.773 3.514 0.0119
1 age -0.057 0.113 -0.301 0.6163

creatinine 20.679 5.134 4534 0.0004

constant 15.933  4.9808 3.831 0.0046
creatinine 20.437 5.1211 4.502 0.0005
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Table (1) shows that the Tobit model estimates are calculated based on
the dependent variable urea; In the first step, we notice that the value of
the t-test for the creatinine variable was significant, amounting to (4.534),
with a significant percentage of (0.0004). In the second stage, the age
variable is eliminated, and the creatinine variable is the explanatory
variable with the most influence on the dependent variable.

Table 2. Tobit model criterion values for urea variable.

Step AIC H-QIC
1 102.7 106.5
2 100.9 103.8

Table (2) shows the Tobit model criteria table for the variable Urea for
patients. The values of criterion AIC and H-QIC change depending on the
stages; in Table (1), each step indicates the importance of the two criteria
for the same stage, and each step represents the values of the two criteria
for the same stage. The graphic below shows the Tobit model's projected
value for the dependent variable.
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Figure 2. Predicted value for Tobit model.
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2- Practical Application Using the LBXIIW Model:

Table 3. LBXIIW model parameter estimation for urea variable.

Step Variable g S.E T P-value
constant 22.216  54.902 0.42 0.5791

age 0.0284  0.3296 0.93 0.8317

1 creatinine 55.518  14.402 4.67 0.0033
Y 16.699  18.058 0.93 0.2559

B 0.1573  0.1431 1.17 0.1459

c 147.36  123.17 1.19 0.1357

constant 23.486  49.317 0.49 0.5279
creatinine 55.853 14.978 4.56 0.0038

2 Y 16.398  17.591 0.94 0.2522
B 0.1613  0.1433 1.27 0.1356
c 147.07  120.13 1.29 0.1252

Table (3) shows that the LBXIIW model estimates are calculated based
on the dependent variable urea; In the first step, we notice that the value
of the t-test for the creatinine variable was significant, amounting to
(4.67), with a significant percentage of (0.0033). In the second stage, the
age variable is eliminated, and the creatinine variable is the explanatory
variable with the most influence on the dependent variable.

Table 4. LBXIIW model criterion values for urea variable.

Step AIC H-QIC
1 138.8 144.5
2 135.3 139.1

Table (4) displays the LBXIIW model's criteria for the dependent variable
Urea for patients. We see that the values of the criteria AIC and H-QIC
fluctuate depending on the steps. These criteria attain their lowest value
in the final phase, and each step indicates the importance of the three
criteria for the same stage in Table (3). The figure below shows the
predicted value for the dependent variable for the LBXIIW model.

-119-



Journal of Statisticians UNion (JASU)..........uuevervsvvcvvvsevscvsvserersssessessssennns Vo7.No1.15/11/2023

1250

1000

750

urea

500

250

creatin

o urea Predicted Value

Figure 3. Predicted value for LBXIIW model.

3- Practical Application Using the LBXIIEE Model:

Table 5. LBXIIEE model parameter estimation for urea variable.

Step Variable g S.E T P-value
constant 30.342  5.4984 5.82 0.0000

age -0.0829  0.0696 -1.09 0.2373

creatinine 4.4287 2.1717 2.71 0.0909

1 T 21.730  3.2020 6.43 0.0000
b 2.6620  0.0880 43.64 0.0000

Y 48.872  0.9641 52.73 0.0000

B 0.0925  0.0800 2.06 0.2513

c 150.01  165.85 1.03 0.3682

constant 41.197 15.197 3.61 0.0110
creatinine 5.4913 0.9152 8.09 0.0000
T 23.399 7.9206 3.74 0.0077
3.3951 0.0001 3.99 0.0000
25.994 18.582 1.48 0.1718
0.1015 0.0753 1.55 0.1814
108.08 93.144 1.26 0.2501

Q ©=™©™D < T

In the first step of Table 5, we see that the t-test results for the variables
(t, b, and vy) are all significant, with values of (6.43, 43.64, and 52.73).
The variable (y) became non-significant in the second step. Thus, it was
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eliminated. The t-test values for the variables (creatinine, t, b) are all
significant at the level of significance (p-value < 0.0001), with values of
(8.09, 3.74, and 3.99). Table (6) shows the LBXIIEE model's criteria for
the dependent variable Urea in renal failure patients. The values of
criterion AIC and H-QIC change depending on the stages. In the final
phase, these criteria achieve their lowest value, and each step reflects the
values of the three criteria for the same stage in Table (5).

Table 6. LBXIIEE model criterion values for urea variable.

Step AIC H-QIC
1 97.2 104.8
2 94.7 101.3
o
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Figure 4. Predicted value for LBXIIEE model.

In figures (2), (3), and (4), notice that the three models are almost
equivalent to each other, as some estimated values approach the actual
values. Also, we note that the model (LBXIIEE) is the best model for
data.

The following table (7) summarizes the criteria values for renal failure
patients’ data, which shows that the three models are close in preference
data used in this paper. The LBXIIEE model is the best of the two models
(TOBIT and LBXIIW), where it has the lowest values of criteria (AIC
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and H-QIC). Furthermore, the TOBIT model is better than the LBXIIW
model, as it has the lowest values of criteria compared with the LBXIIW
model for data of renal failure patients for the same dependent variable.

Table 7. Comparative AIC and H-QIC values for the three models.

Model AIC H-QIC
TOBIT 101.9 104.8
LBXIW 136.3 140.1
LBXIIEE 95.7 102.3

- CONCLUSIONS:

e Statistical distributions transformed into regression models can be
used as censored regression models from the BurrXIl system for
distributions applied to survivals.

e Through the practical application, we found all three censored
regression models can use in dealing with the censored data instead of
relying on the Tobit model, which is the most common model in most
cases.

e We notice that the three models are almost equivalent, as some
estimated values approach the real values. Also, we note that the
model (LBXIIEE) is the best model for renal failure patients’ data,
where it has the lowest criteria (AIC and H- QIC).
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- APPENDIX:

%%% SAS CODE

%% % Tobit Model

proc import datafile="C:\Users\dell\Desktop\dataset.xlsx' DBMS =xIsx
Out=dataset;

run;

proc glim data = dataset;

model urea = age gender creatin;

endogenous urea ~ censored (ub=45);

run;

%% % LBXIIW Model

proc import datafile="C:\Users\dell\Desktop\dataset.xIsx' DBMS =xIsx
Out=dataset;

run;
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proc nlmixed data=dataset;
parms b0= 10 bl1=2 b2=.5 b3=1 a=2 b=1 s= 150;
m = b0 + (b1*age) + (b2*gender) + (b3*creatin);
y=urea;
if status_u=1 then f =((a*b)*((1-exp(-exp((y-m)/s)))**(a-1)) *
((1+((exp(exp((y-
m)/s))-1)**(a)))**(-(b+1)))) /(s*exp((-a*exp((y-m)/s))-((y-m)/s))) ;
|8|le f ? f)(l+(((1-e><p(-eXp((y-m)/S)))/(eXp(-eXp((y-m)/S))))**a))**-b;
= Og ’
model y ~ general(ll);
run;
%%% LBXIIEE Model
proc import datafile='C:\Users\dell\Desktop\dataset.xlsx' DBMS =xIsx
Out=dataset;
run;
proc nlmixed data=dataset;
parms b0=1 b1=1 b2=1 b3=1 a=1 b=2.5 aa=2 bb=1 s=150;
m =b0 + (b1*age) + (b2*gender) + (b3*creatin);
y=urea;
if status_u=1 then f=((aa*bb*a*b)/s)*(exp(-b*exp((y-m)/s)))*((1-exp(-
b*exp((y- m)/s)))**(a-1))*((((1-exp(-b*exp((y-m)/s)))**a)**(aa-1))/((1-
((1-exp(-b*exp((y-
m)/s)))**a))**(aa+1)))*((1+((((1-exp(-b*exp((y-m)/s))) **a)/(1-((1-exp(-
b*exp((y- m)/s)))**a)))**aa))**(-bb-1)) ;
else f= 1-((1+(((1-exp(-b*exp((y-m)/s)))**a)/(1-(1-exp(-b*exp((y-m)/s)))
**a))**aa)**-bb);
l1=log(f);
model y ~ general(ll);
run;
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