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Comparison of some robust methods for estimating the Poisson

regression model using simulation

Abstract

The Poisson regression model is one of the important counting models,
as it was used to model many economic and health phenomena, traffic
accidents, and others. In this research, the Poisson regression model is
estimated in the case of the presence of outliers, where a Monte Carlo
simulation study was conducted, to compare the robust estimators (M,
S, MM) with the usual estimator, which is the method of Maximum
Likelihood Estimator (MLE), and the results of the simulation were shown
depending on comparison criteria (MSE, MAE) The robust (M) method is
more efficient than the rest of the robust methods, as well as the
conventional method of estimation (MLE).

Keywords: Poisson regression, M estimators method, S estimators
method, MM estimators method.
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Sl Z3gasl jauds o (a9 sl Glekae) padll ddes sl Asyall 0da § o
db LSy QW1 Juaddl (§ 8319l paddl @yl Jlemiwl cldg

MLE olac¥l oYl aybo .1

M @lydde disylb 2

S whdde diyb 3

MM ©hdde &b .4

Bkl ¢ &)laedl dsye tdalyll ddoyoll

Jlosiwl @3 hddall Juadl slaly lelaal) daliseall juuadl @b o )lall (o,
%5 MAE dod J8l9 MSE doyd J31 ellind (@1 diyhall 0] > MAES MSE Jlins
. Juadl
BELeall ilidas LS

éd‘“""““"‘*’d‘jb cJuadYl 4 ddyylall dydig HlussYl C.)_sm)’).!.u.dl Gl Gadad (o8]
4.9[.5;,@ gl M oo Gl GOl § dadd)l bl Gb}o.s)” S
plroY Wy 48,k S0 MAEs MSE o Jia3 (@) bl ooy iy ¢ Lo day
13 WSy gl drudy Olaknall dabiseoll @utlly lipal

(1) JoY! Al dalizall 351,02l MAE9 MSE 0.8 :(2) Jgd>

PR | Sample Size | Criteria MLE M S MM
25 MSE 1.39608 0.93375 1.39256 1.14597
MAE 1.68495 1.41146 1.6794 1.53438
10% 50 MSE 1.38106 0.64816 1.38217 1.03164
MAE 1.66917 1.23404 1.67826 1.45804
100 MSE 1.26681 0.49818 1.26530 0.98240
MAE 1.52357 1.08589 1.52906 1.34659
25 MSE 1.50028 1.04742 1.49599 1.38257
MAE 1.74171 1.48303 1.74031 1.68178
15% 50 MSE 1.47195 0.85684 1.47007 1.33238
MAE 1.7359 1.37523 1.73488 1.64577
100 MSE 1.45851 0.65442 1.45963 1.29765
MAE 1.71882 1.2758 1.7277 1.5233
25 MSE 1.52413 1.15095 1.52627 1.46185
MAE 1.74557 1.54687 1.7564 1.72727
20% 50 MSE 1.50953 1.0033 1.50619 1.36514
MAE 1.75717 1.46147 1.74971 1.6609
100 MSE 1.50169 0.81627 1.50134 1.28341
MAE 1.74983 1.36588 1.73999 1.64722

b Nl d g g At S e g2 AN g gl Aas a3 Y 5 Pollution Rate oielSH Laial sa PR 2
LOmomedill G petall & XS Alan) e
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(11) &1 Dy dabiall 3511l MAE's MSE o (3) s
PR e T s MLE M s MM
Size

s MSE 23441 214388 | 2.2826 | 2.26486

MAE 253997 | 2.39721 | 2.50445 | 2.48419

L0% 0 MSE 227399 | 2.06369 | 2.20369 | 2.20181
MAE 256184 | 2.40813 | 2.52054 | 2.50908

100 MSE 223046 | 2.01891 | 2.15567 | 2.17831

MAE 256769 | 2.40434 | 2.52533 | 2.53172

25 MSE 240046 | 2.18482 | 2.32485 | 2.34095

MAE 2.71563 256773 | 2.67315 | 2.67453

155 0 MSE 228615 | 2.08078 | 2.21414 | 2.22948
MAE 258631 | 2.44546 | 2.54586 | 2.54717

100 MSE 227052 | 2.05638 | 2.20108 | 2.2299

MAE 258274 | 242552 | 2.55423 | 2.5692

s MSE 243498 | 2.19929 | 2.36014 | 2.38575

MAE 274042 | 2.58889 | 2.69938 | 2.7088

J0% 0 MSE 2.31903 2.09456 | 2.24775 | 2.27214
MAE 2.60992 | 2.46561 | 2.57084 | 2.57981

100 MSE 230818 | 2.06587 | 2.23684 | 2.26741

MAE 2.61503 246647 | 2.57619 | 2.59311

(111) &) Dy Abiseall 3511l MAE S MSE o8 :(4) Jsi
PR SIS | e MLE M s MM
Size

s MSE 293018 | 021094 | 2.86704 | 1.69096
MAE 273804 | 061685 | 266965 | 1.90724
Lo% 0 MSE 279065 | 020090 | 273051 | 1.61044
MAE 260765 | 058748 | 2.54252 | 1.81642
100 MSE 265776 | 019133 | 2.60049 | 1.53375
MAE 248348 | 055950 | 242145 | 1.72992
s MSE 318131 | 042035 | 3.11315 | 2.74179
MAE 287539 | 080812 | 2.80877 | 2.61763
155 0 MSE 3.02982 | 040033 | 296490 | 2.61123
MAE 273847 | 076964 | 2.67502 | 2.49298
100 MSE 288554 | 038127 | 2.82371 | 2.48689
MAE 260807 | 073299 | 2.54764 | 237427
s MSE 334106 | 082904 | 3.27639 | 3.20643
MAE 296280 | 1.17237 | 290029 | 2.88347
- 0 MSE 318196 | 0.78956 | 3.12037 | 3.05374
MAE 2.82171 111654 | 2.76218 | 2.74616
100 MSE 3.03044 | 075196 | 2.97178 | 2.90832
MAE 268734 | 1.06337 | 2.63065 | 2.61539
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(IV) dnly)l Alxlly dalizal 5lall MAE S MSE o 1(5) Jode
M S

PR Sample Size Criteria MLE MM
25 MSE 1.65152 1.34366 1.62324 1.54831
MAE 2.31638 2.01915 2.29742 2.23542
10% 50 MSE 1.57288 1.27968 1.54594 1.47458
MAE 2.20608 1.92300 2.18802 2.12897
100 MSE 1.49798 1.21874 1.47232 1.40436
MAE 2.10103 1.83143 2.08383 2.02759
25 MSE 1.68235 1.48050 1.65199 1.60863
MAE 2.34142 2.19273 2.32125 2.28776
15% 50 MSE 1.60224 1.41000 1.57332 1.53203
MAE 2.22992 2.08831 2.21071 2.17882
100 MSE 1.52594 1.34286 1.49840 1.45908
MAE 2.12373 1.98887 2.10544 2.07507
25 MSE 1.72722 1.51155 1.69010 1.67346
MAE 2.37198 2.22116 2.34767 2.33575
20% 50 MSE 1.64497 1.43957 1.60962 1.59377
MAE 2.25903 2.11539 2.23588 2.22452
100 MSE 1.56664 1.37102 1.53297 1.51788
MAE 2.15146 2.01466 2.12941 2.11859

(V) dusalsd! Aloelly dalizeadl 3l,all MAE 9 MSE 3 (6) Jsir

PR Sample Size Criteria MLE M S MM
25 MSE 24.80634 12.83330 24.12417 21.56363
MAE 8.97836 7.33459 8.86391 7.88489
10% 50 MSE 23.62509 12.22219 22.97540 20.53679
MAE 8.55082 6.98532 8.44182 7.50942
100 MSE 22.50009 11.64018 21.88133 | 19.55885
MAE 8.14364 6.65269 8.03983 7.15183
25 MSE 24.96664 17.33314 24.32649 23.90185
MAE 9.00648 6.90739 8.89893 8.65880
15% 50 MSE 23.77775 16.50775 23.16809 22.76367
MAE 8.57760 6.57847 8.47517 8.24648
100 MSE 22.64548 15.72167 22.06485 | 21.67969
MAE 8.16914 6.26521 8.07159 7.85379
25 MSE 25.09571 19.30146 24.50446 24.50035
MAE 9.03097 7.65601 8.93155 8.83676
20% 50 MSE 23.90068 18.38234 23.33758 23.33367
MAE 8.60092 7.29144 8.50624 8.41596
100 MSE 22.76255 17.50699 22.22627 | 22.22254
MAE 8.19135 6.94423 8.10118 8.01520

13



2023 sowwd [ Jol 368 —cp diallg gl suall Aba>V g gla)l dxo

(VI) dewoludl Aol g dabiseall 351,020 MAE 9 MSE 8! (7) Jod=

PR Sample Size Criteria MLE MM

55 MSE 124.12461 42.31230 121.09400 71.23852

MAE 19.92541 8.09803 19.70914 | 11.81062

10% 50 MSE 118.21391 40.29743 115.32762 | 67.84621
MAE 18.97658 7.71241 18.77061 | 11.24821

100 MSE 112.58468 38.37850 109.83583 | 64.61544

MAE 18.07293 7.34515 17.87677 | 10.71258

55 MSE 124.56729 49.03915 120.92441 | 77.63511

MAE 19.93840 9.34597 19.70226 | 12.85716

15% 50 MSE 118.63551 46.70395 115.16610 | 73.93820
MAE 18.98895 8.90092 18.76406 | 12.24491

100 MSE 112.98620 44.47995 109.68200 | 70.41733

MAE 18.08471 8.47707 17.87053 | 11.66182

25 MSE 125.34374 63.73220 121.31534 | 91.12018

MAE 19.94069 12.12219 19.84176 | 15.04016

20% 50 MSE 119.37499 60.69733 115.53842 | 86.78112
MAE 18.99113 11.54494 18.89691 | 14.32396

100 MSE 113.69047 57.80698 110.03659 | 82.64869

MAE 18.08679 10.99518 17.99706 | 13.64187

Ol

Lawgio 089 (MSE) Uasd! Glaspe lawgio @b O Buzg 88loeall gl Juloxs M (0

Gkl (MLE) dslaedl &l Ogulyy Hlassl z3gasl yaid (MAE) lasdl 3las

Pl sl (7) dV(2) Jslaadl @ doubgall diuall

e Okl el B9t Laygus (g 3 dmaxdl @hlall e M Ayl dudiadl - -1
8308 0atl) 3929 Al (3 Ogunl g sl Z3 903l ook pads) MLE 4o

@313 W a5 MAE Uasdl glas lawgio 089 MSE Uasdl Olas o Jawgi 08 0 -2
- dwgydell Z3led) aazdy (331l uscj Olgall pgox>

31351 S 31335 MAE Uasdl 3las Jassgie 089 MSE Uasdl il pe Jassgio @ud 0 -3
- dwgydell Z3led) ety (@31lall ‘_)S@ Cglad) dnd
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&S Lg dealaadl 3lall g f\.’a&}“ O dsy _).19" 2017 > o cOlales -1
AJJ,a.u.w.Aﬂ WL?J\ c.)L,a.d}“j o_)b}“ M.Scj«.u.«ol.o 4.”.«») u}w‘y J\J.:u‘ C.)}u‘

C.)}o.ﬂ il duaxdl @hlall jas 4" 2021 cﬁg)Sﬂ Jus domus Sl -2
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Socioeconomic Demand Factors for Personal loans in Amman

Governorate through Covid-19 crisis ( 2020-2022)
Dr. Rania A. Al-satel
Studies and Researches Department /Jordan Enterprise Devlopment Corporation
(JEDCO) affiliated to Ministry of Industry and trade and supply

ABSTRACT

This study examines the social and economic factors of decisions to
submit for personal loans in Amman governorate. There was a demand
for personal loans in Amman during Covid-19 crisis from (2020-2022);
which made it an interesting issue to find out what factors led to this
demand. This study aims to identify the factors that may affect the
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demand for personal loans in Amman. In its analysis, it relied on the
Binary logistic regression model that is used in the analysis of qualitative
data. Several variables have been studied that were expected to affect
the demand for personal loans as independent variables. However the
results of econometrics analysis showed that the smoothly credit
facilities from banking system has a significant and positive impact on the
presence of personal loans with odds ratio 8.59 times, as it comes in the
first place, then the second place comes to corona crisis in terms of
importance in the positive impact on the on the presence of personal
loans with odds ratio 5.12 times, while the Education level comes in the
third place in importance and with a positive effect and odds ratio 9.09
times, and in the fourth place comes the Marital status and with a
positive effect and odds ratio 28.03 times, in addition to the Residence
place, which is ranked fifth in the positive impact on the demand for
personal loans.

Keywords: Loans; Personal Loans; Logestic regression; Odds ratio;

Amman
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Abstract

Credit scoring is regarded as a core competence of commercial banks
during the last few decades. A number of credit scoring models have
been developed to evaluate credit risk of new loan applicants and
existing loan clients. The main purpose of the present paper is to evaluate
credit risk in banks using credit scoring models. Statistical techniques are
used: maximum likelihood for one can use linear models and for, one can
use Type Il Tobit model, a Monte Carlo simulation study is employed,
under non-ignorable missing data. The credit scoring task is performed
on one bank’s personal loans data-set. The results show that Tobit type-
I model is more fitted than linear models.

Key words: Credit scoring, Type Il Tobit, loan prediction, missing

data, linear models, credit risk, maximum likelihood function.
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Introduction

Credit scoring is regarded as a core competence of commercial banks

during the last few decades. A number of credit scoring models have

been developed to evaluate credit risk of new loan applicants and
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existing loan clients. The main purpose of the present study is to evaluate
credit risk in Egyptian banks using credit scoring models. Three statistical
techniques are used: discriminant analysis, probit analysis and logistic
regression. The credit scoring task is performed on one bank’s personal
loans data-set. The results so far revealed that all proposed models gave
a better average correct classification rate than the one currently used.
Also both type | and type Il errors had been calculated in order to
evaluate the misclassification costs.

Latterly, credit risks have become one of the most important financial
topics of interest, especially in the banking sector. The role of credit risks
has changed dramatically over the last ten decades, from passive
automation to a strategic device. The process of credit risk evaluation has
the interest of many researchers nowadays. Recently, bankers have
come to realize that banking operations affect and affected by the
natural environment and that consequently the banks might have an
important role to play in helping to raise environmental standards.
Although the environment presents significant risks to banks, in
particular environmental credit risk, it also perhaps presents profitable
opportunities (Thompson, 1998).

Credit scoring is the use of statistical models to determine the likelihood
that a prospective borrower will default on a loan. Credit scoring models
are widely used to evaluate business, real estate, and consumer loans
(Gup & Kolari, 2005,). Credit scoring models (see, for example: Lewis,
1992; Bailey, 2001; Mays, 2001; Malhotra & Malhotra, 2003; Thomas et
al., 2004; Sidique, 2006; Chuang & Lin, 2009; Sustersic et al, 2009) are
some of the most successful applications of research modelling in finance
and banking. Harris (2015) investigated the practice of credit scoring and
introduced the use of the clustered support vector machine (CSVM) for
credit scorecard development. Abbod, et al. (2016) during the last few
years there has been marked attention towards hybrid and ensemble
systems development, having proved their ability more accurate than
single classifier models. Kozodo, et al. (2019) Credit scoring models
support loan approval decisions in the financial services industry.
Judgemental techniques and/or credit scoring models can support
making a decision about accepting or rejecting a client’s credit. The
judgemental techniques rely on the knowledge and both past and
present experience of credit analysts, who evaluate the required
requisites, such as the personal reputation of a client, the ability to repay
credit, guarantees and client’s character. Due to the rapid increase in
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fund-size invested through credit granted by Egyptian banks, and the
need for quantifying credit risk, financial institutions including banks
have started to apply credit-scoring models. Abdou, Etal (2009).

The present study is concerned with evaluating credit risk in banks using
credit-scoring models. Statistical techniques are used: maximum
likelihood for one can use linear models and for, one can use Type Il Tobit
model, a Monte Carlo simulation study is employed, under non-ignorable
missing data. The credit scoring task is performed on one bank’s personal
loans data-set. The results show that Tobit type-Il model is more fitted
than linear models.

In this paper, a simulation study to examine the behaviour of the
suggested methods: using linear model in case of ignoraing missing and
Type Il Tobit model in case of non-ignoring missing data. Results of the
Monte Carlo experiments show strange behavior that has never been
reported before for the Type Il Tobit MLE. A real life data is also
presented.

Type Il Tobit Model Estimation
The models considered in this paper, classified as Type 2 Tobit models by
Amemiya (1984), have the following structure:

Yi; = XuB + o0& (1)
Where (&;;.¢&y;) is bivariate standard normal with correlation pe. The
first equation is a regression equation and the second a selection
equation. In a typical economic application, the regression equation is a
pricing or expenditure function, and the selection equation is a decision
function that governs the occurrence of the transaction. Only qualitative
information is available for the dependent variable in the selection
equation, Y,; . Thisis recorded as a binary variable, J;. that takes the value
one when Y,; is positive. In addition, the dependent variable in the
regression equation, Y;; , is observed only when Y,; is positive. The
regressors, X;; and X,;. are observed regardless of J; .
The log-likelihood function for this model is
InL(8 .B.0.p) = Xty Ui[—In(o) + mB(Z) + IndW)] + (1 — J)In[1 — 0(X,..8)1}  (3)
Where Z; = (Yi; — XuB)/o, Wi= (X6 + pZ)/1-pZ , and
where p, is restricted to the open interval (-1,1). This likelihood function
is highly nonlinear, and a solution to the score equations is obtained by
numerical methods. Unfortunately, the log-likelihood function is not
globally concave. Gradient methods may converge to a local maximum
likelihood estimator (MLE). One can only be assure of obtaining a global
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MLE, assuming one exists, if the estimation processes is start in the
neighborhood of the global maximum.
The two-stage method of Heckman (1976) and Lee (1976) is typically use
to obtain starting values for numerical solution of the score equations.
The small sample performance of this estimator can be erratic,
particularly when the same regresses used in both equations. Zuehlke
and Zeman (1991) show that under these conditions, the mean square
error performance of the subsample OLS estimator of B is often superior
to that of the Heckman-Lee estimator. Moreover, it is uncommon for the
estimate of p. to exceed one in absolute value. In an attempt to
circumvent these problems, some authors have added quadratic terms
to one or both equations. While the Heckman-Lee estimator is
consistent, its use as starting values is not sufficient to insure
convergence to a global MLE. There is a solution to this problem,
however. Olsen (1982) shows that the log-likelihood function of the Type
Il Tobit model is globally concave conditional on p,, He suggests that a
grid search over the bounded parameter p,, in conjunction with the
corresponding conditional MLEs, may be used to trace the profile of the
maximized value of InL(6. . 0. p.) over the space of p. . The location of
any local or global maxima is determined, and a simultaneous estimation
procedure started in the neighborhood of the global maximum.
Unfortunately, this algorithm is not available in current econometric
software.
Olsen (1982) observes that with the Type Il Tobit model the likelihood
function is often flat with a local maximum (emphasis added) near p = 0.
This raises a question about the practice, common in empirical work, of
estimating a sample selection model as a robustness check for OLS
estimates. In cases with multiple roots, tests based on the global root
might lead to a different conclusion than tests based on the local root are
not.
Now assume that the aim is to estimate parameters in a parametric
model. Usually, this can be derived from the Maximum Likelihood (ML)
method. As suggested by its name, this method obtains estimators by
maximizing a likelihood function.
A model for latent variable y*, which is only partially observed:

y* = Bo + Pix; +€; . €i~N(0.0%) ...(4)
The Likelihood function, L, for e the whole sample is:

L(Bo- 1. 0) =TTy Ly = [T, [ o (2P P le)] [1- (B"*Bl")]l_m ...... (5)
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The values of 8 , 1 and g that maximize the likelihood function are the
Tobit estimators of the parameters. As usual the In (L) is:
Inl= Z D;ln E(p (y—i — ﬁ()a— ﬂlxi)] + (1 -Dyln [1 - ('B—O +Jﬂlxi>]
i=1

= Y[in(6?) + In(2m)] + T, D; [—W +(1-D)in[1-¢ (%)” .. (6)
The first —order partial derivatives of [ with respect to f, and ; and
equating them to zero are as follows:

oL Wizho=Prx) | (1-Dy)

%0 i=1 Di |7 ;2 = B 30l31x ]l ......... (7)
Ol _yn p |xGizBofix) | (=DCx) | _

ap1 - i:lD 52 [1 ¢(B°+31x )]l =U .. (8)

The normal equations (7) and (8) do not have explicit solution and they
have to be solved numerically.

Fisher information matrix

The elements of the Fisher information matrix are obtained by taking the
negative expectation of the second derivatives of the natural logarithm
of the likelihood function with respect to ©.

Amemiya (1985) presents the following representation for the
information matrix:

_ ZiT=1 ax;x, ZiT=1 bix;
1(0) = T, ST ¢, ] ....... (9)
Where
_ xp _ -1 f(z)?

Zi=——.0 = ?[Zif(zi) —m—F(zi)] by

=553 [Zizf(zi) + f(z) — #Fiz)]
1 z°f (2;)* oF

Ci =7 [Zz f@z) +zf(z) — 1-F@) (Zi)]

The elements of the Fisher information matrix are obtained by taking the
negative expectation of the second derivatives of the natural logarithm
of the likelihood function as follows:

A _yn = (1-Dy)
aﬁOZ - i=1 Dl laz 0_2[1_4’(30‘*'519(1')]2“ ......... (10)
a n N = (1-D)x;
3BoP1 T Li=1Yi| 42 0-2[1 (p(BO"'BlX )] “ ........... (11)
al n —x° (1-D(x)?
Sh. = Li=1li ———————— 2| e 12
op, 4= llal g(BeEm)] (12)
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Under particular regularity conditions, the two-sided 100(1 —
@)%.0 < a < 1, asymptotic Cls (Asy-Cls) for the vector of unknown
parameters 0 can be obtained.

Monte Carlo Results
The purpose of the Monte Carlo portion of this study is to analyze the
performance of estimation methods, including MLE for one can use linear
models and for, one can use Type Il Tobit model, a Monte Carlo
simulation study is employed, under non-ignorable missing data. For
MLE, 1000 observation, number of replications, is generated from normal
distribtion for ranodm error and coveriate of independent variable X are
generating from unifrom distribution. The following assumptions are
hold for Monte-Carlo simulation:
Coeffiecnts (S,. f1) assumed to be:
(Bo=—-1.5, =1) And (By = —0.5.8; = 0.5)
Random error of the proosed model is generated from normal distribtion
with mean zero and standard devation (o) 1.
Sample sizes of n = 25.50.100.200.500 and 100.
Steps for simualtion:
Step 1: Genenerate independent varariable (X) and error part (U) as
follows:

x;~U(02) .i=12....n

u;~N(0.1) .i=12....n
Step 2: Compute dependent varaible Y as follows:

yi=B'x+uw

Step 3: Converte dependent variable (Y) to Tobit Il model variable (Y*) as
follows:

P _ [ i ify; =20
Yi = {ignorable ify; <0

and define indicatro variable d; as:
t 0 lf_'yl <0

Step 4: Find estimates of 3. f; and o from:
Traditional model: Y~B + 41X as linear regression model
By solving likelhood equations of Tobit Il mode (3.7) and (3.8) to obtain
maximum likelhood estimates of B,. 8; and o which denoted by: B,. b5,
and é.
Measures of AIC and BIC also computed as:
AIC(@) = —210glikelhood(§) + 2q
BIC(@) = —Zloglikelhood(é) + qlogn
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where q is the number of parameters and n is the proposed sample size.
Step 5: Repeat step 1 to step 4 number of times B = 1000.

Step 6: Compute the following statistical measures:

Mean sqgaure error (MSE)

~ ~ 2
MSE(0) = -%F,(6;i—6)" . (13)
Relative baises (RBias)

RBias(d) = - zlel"iT“" X100 oo (14)

Based on generated data and assumed two cases for f5;, all statistical
measures are computed and repoterted in Table 3.1 for the initial
parameter of §; = 1 and Table 3.2 for the initial parameter of §; = 0.5.
Form the tabluted resluts, one can indicate that: With increasing in
sample size n, MSEs and Rbiases are decreasing for all parameters in two
different models AIC and BIC are decreasing in two models.

In compsion with two differnet proposed models namely; linear
(traditional) models and Tobit type-Il models, one can indicate that:
MSEs in linear models is samller than MSEs inTobit type-Il models.

AIC and BIC in linear model is greather than in Tobit type-Il models which
indicate that Tobit type-ll model is more fitted than linear models.
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Table (1): Estimated values, MSEs, RBias (in %)and model criteria of the
linear model and Tobit Type-Il model for different sample size n and initial
parameters: B = —1.; =1,ando =1

Linear Model Tobit Type-Il Model
n o a5 A~ a5 a5 A~
Parm — Bo b1 4 Bo By 4
MSE | 0.16725 | 0.12277 | 0.02303 | 0.36533 0.20101 | 0.04845
- RBias 1.57 0.96 4.68 0.63 0.02 5.32
AIC 73.96026 53.63765
BIC 77.61688 57.29428
MSE | 0.08383 | 0.06734 | 0.01130 | 0.17190 0.10168 | 0.02678
RBias 0.64 0.02 3.03 1.63 1.17 2.87
50
AIC 144.26289 103.84047
BIC 149.99896 109.57654
MSE | 0.04247 | 0.03079 | 0.00508 | 0.08215 0.04698 | 0.01238
RBias 0.77 0.65 1.41 1.39 0.82 1.36
100
AIC 286.45275 204.75444
BIC 294.26826 212.56995
MSE | 0.01943 | 0.01573 | 0.00255 | 0.03826 0.02327 | 0.00618
200 RBias 0.41 0.38 0.57 1.14 0.74 0.33
AIC 570.77785 406.50665
BIC 580.67281 416.40161
MSE | 0.00748 | 0.00585 | 0.00109 | 0.01481 0.00887 | 0.00270
RBias 0.16 0.01 0.29 0.39 0.18 0.39
500
AIC 1421.45016 1012.75682
BIC 1434.09399 1025.40065
MSE | 0.00407 | 0.00292 | 0.00051 | 0.00780 0.00431 | 0.00129
RBias 0.04 0.18 0.17 0.49 0.45 0.09
1000
AIC 2839.95861 2022.42687
BIC 2854.68187 2037.15013
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Table (2): Estimated values, MSEs, RBias (in %) and model criteria of the
linear model and Tobit Type-Il model for different sample size n and initial
parameters: fp = —0.5. f; =0.5,ando =1

Linear Model Tobit Type-II Model
n —— — ~ —_ — PN
Parm - Bo B1 4 Bo b1 4
MSE | 016050 | 0.12106 | 0.02382 | 0.29825 | 0.18340 | 0.05621
25 RBias 0.26 0.67 576 518 1.25 599
AlC 73.38586 54.58556
BIC 77.04249 5824218
MSE | 008745 | 0.06276 | 0.00970 | 0.13281 | 0.08102 | 0.02441
RBias 0.26 0.56 2.57 3.83 1.08 2.30
50
AIC 144.81639 106.98088
BIC 150.55246 112.71695
MSE | 003877 | 0.02847 | 0.00516 | 0.06300 | 0.03811 | 0.01245
RBias 0.08 0.25 1.26 242 1.19 0.69
100
AlC 286.74406 211.91490
BIC 294.55957 219.73041
MSE | 0.01924 | 0.01468 | 0.00260 | 0.03134 | 0.01902 | 0.00670
200 RBias 2.49 2.18 0.78 2.70 2.20 0.89
AIC 569.90682 419.07701
BIC 579.80178 42897196
MSE | 0.00818 | 0.00614 | 0.00098 | 0.01265 | 0.00783 | 0.00240
RBias 0.10 0.16 0.30 0.92 0.46 0.15
500
AIC 1421.46692 104579543
BIC 1434.11075 105843926
MSE | 000400 | 0.00295 | 0.00053 | 0.00630 | 0.00398 | 0.00128
RBias 0.21 0.29 0.19 0.51 0.40 0.11
1000
AIC 2839.56523 2088.65979
BIC 2854.28850 2103.38306
Applications

A private datasets with

different characteristics was employed in the
process of empirical model evaluation. The data is studied from two way,
one for independent variable and second for four independent variables.
This data set is related to the loan completion process for customers
details provided while filling out the online application form. These
details are gender, marital statues, education, number of dependents,
income, loan amount, credit history and others. The data set was taken
from the online website (http://www.Kaggle.com).
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Case I: One indepndent varaible
Define variables of the proposed model from dataset:
Dependent variable: Co-applicant income (y;), thus,

P _{ Vi ify; >0
Yi = {ignorable ify, =0
and define indicatro variable d; as:
! 0 lfyl =0

Where.i = 1.2.....614. Thus, we have 273 ignorable observations (y; =

0) and 341 un-censored observations (y;" = y;[y; > 0]).

Independent variable: Applicant income (x)

In Table (3), maximum likelihood estimates of 5,. ;. o are obtained from
the given real data set for two different models, (Linear and Tobit type-
I). Note that, in linear model we have an estimate of the standard error
(6) but in Tobit type-lIl model we have an estimate for parameter g. From
tabulated values of real data set, we notice that the measures of fitting
(AIC and BIC) in Tobit type-ll model is less than those values in linear
model which indicate that the proposed Tobit type-Il model is better than

linear models.

Table (3): Estimated values, standard errors (St.Er), and model criteria
of the linear model and Tobit Type-Il model for given real data set of

loan prediction: Case I.

Model Parameter Estimate St.Er AIC BIC
,[/?8 1923.0502 156.7689

Linear ——

Model B1 -0.0559 0.0192 11540.30 11553.56
o 2908.66 -—--

Tobit Bo 1570.7325 | 325.8952

Type-ll BI -0.3139 0.0576 7047.868 7061.128

Model G 4394.941 0.0410

Case ll: Four indepndent varaibles
Define variables of the proposed model from dataset:
Dependent variable: same as in case I.

Independent variables:

e Applicant income (x;)
e Loan amount in thousands (x,)
e Term of loan in months (x3)

e Credit History (x,)
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In Table (4), maximum likelihood estimates of coefficients:
Bo-B1-L2-P3- L4-0 are obtained from the given real data set for two
different models, (Linear and Tobit type-Il). Note that, in linear model we
have an estimate of the standard error (&) but in Tobit type-Il model we
have an estimate for parameter o. From tabulated values of real data set,
we notice that the measures of fitting (AIC and BIC) in Tobit type-Il model
is less than those values in linear model which indicate that the proposed
Tobit type-ll model is better than linear models.

Table (4): Estimated values, standard errors (St.Er) and model criteria
of the linear model and Tobit Type-Il model for given real data set of
loan prediction: Case Il.

Model Parameter Estimate St.Er AIC BIC
Bo 1187.7616 | 640.2544
B, -0.1261 0.0200
Linear Model b, 10.2707 1.5238 | 9748179 | 9773.805
Bs -1.0995 1.6259
B -84.896 294.3358
é 2412.087
Bo -0.9765 | 1054.4152
B: -0.5111 0.0611
i - B, 22.7578 2.8029
Tobit Type-li b, 5893.004 | 5918.63
Model B3 -1.8414 2.7001
B 113.1238 | 486.3130
é 3569.4791 0.0444

Conclusions

In this paper Type Il Tobit (sample selection) model studied statistically
point of view depending on maximum likelyhood. A Monte Carlo
simulation study is introduced to examine the behaviour of the suggested
methods: using linear model in case of ignhoraing missing and Type Il Tobit
model in case of non-ignoring missing data. Results show that, strange
behavior that has never been reported before for the Type Il Tobit MLE.
In addition, a real data set is studied from two way, one for independent
variable and second for four independent variables. The results show that
the measures of fitting (AIC and BIC) in Tobit type-Il model is less than
those values in linear model which indicate that the proposed Tobit type-
I model is better than linear models.
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Dependence, like occurrence of disease changing the risk of death. It can also model
paired data. It is useful for recurrent events, but has limitations.

2023/05/14 :Ceoxd! aMiel gyl
2023/06/22 1&gl Jgd Fnyl

2023 Js! 0956 / o3 1oy ually dlgll suall (§ amdl i

2522-64X/519.2 :(Online) 459 AUV dseudl! / (S92 anduaill 30y

2519-948X/519.2 :(Print) &d)g)! dseudd! / S 925 Cuatl! 30y

51



Journal of Statistical Sciences Edition No.:21, December 2023

A Five State Progression Model: Estimation and Application

Ayat Ahmed*, Nahed Helmy*, Mervat Elgohary*

*Al- Azhar University Faculty of Commerce — Girls’ Branch Department of Statistics.
dependence, like occurrence of disease changing the risk of death. It can also model
paired data. It is useful for recurrent events, but has limitations.

Abstract
Multi-state models (MSMs) are an extension of classical survival analysis which
allows adjustment to the prediction of survival duration of the patient in the
course of time by incorporating new information regarding the progression of
the medical history and to better understand how prognostic factors influence
the different phases of the disease/recovery process. In recent years, a wide
range of medical situations have been modelled using MSMs such as problems
following lung transplantation, problems following heart transplantation,
hepatic cancer, HIV infection and AIDS. Disease progression model is needed for
understanding the progression of disease and important in retrospective cohort
analyses. In these paper five states progression model suggested. Transition
intensities of the suggested model estimated by maximum likelihood method.
The likelihood function constructed using transition probabilities, therefore
they are derived first. Confidence intervals of estimated parameters obtained.
Some extractor quantities of the model derived. An application using dataset-
containing histories of bronchiolitis obliterans syndrome (BOS) from lung
transplant recipients applied using the suggested model. The BOS data set
provided in the R package msm.
Keywords: Markov processes, Interval-censored, Staged progression model,
Transition rates, Transition probabilities.
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Introduction

In epidemiology and medical statistics, the models used to describe health-
related processes over time, where states usually defined by the severity of a
disease or condition of subjects in a follow up study. Standard survival analysis
can analyze separately different endpoints but fails to give insight into what
happens to a patient after a first event.

Multi-state models are an extremely flexible approach that can model almost
any kind of longitudinal failure time data. This is particularly relevant for
modeling different events, which have an event-related

Disease progression models help in understanding the expected burden of the
disease. Moreover, the results of studying these models will be useful for public
health policymakers to implement the policies and treatment plans to improve
the survival of the patients.

Kalbfleisch and Lawless (1985) introduced the MSMs. They developed a general
procedure for obtaining maximum likelihood estimates of the model
parameters. Kay (1986) proposed a similar method that calculates the first and
second order derivatives of some particular multi-state processes and provided
methods for hypothesis testing and model diagnostics. Satten and Longini
(1996) developed a method for fitting these models when states are subject to
measurement errors. Commenge (1999) discussed some assumptions for multi-
state models in epidemiology and considered different inference approaches.
Andersen and Keiding (2002) discussed event history analysis through multi-
state models and introduced statistical model specification via transition
intensities and likelihood inference. Machado et al (2009) introduced modelling
approaches for multi-state models, and focused on the estimation of quantities
such as the transition probabilities and survival probabilities. In addition, they
discussed the existing software available to fit the various models. Hinchlifle et
al (2013) presented a parametric survival model for transition hazard rates and
provided some programs that used to estimate transition hazards and
probabilities within an illness-death model framework using flexible parametric
survival model. Then, they generated confidence intervals and transition hazard
functions for Rotler dam Lambert breast cancer data. Machado et al (2018)
discussed flexible modelling of time-dependency using penalised maximum
likelihood to estimate the models. They proposed an automatic and efficient
method to estimate multistate models with splines in the presence of interval
censoring. Machado et al (2021) presented a new and efficient method to
estimate multi-state models with splines using automatic estimation of penalty
parameters. They showed that using splines with penalty parameters can
improve model fit. Lintu et al. (2022) estimated covariate effects on the
bidirectional transition rates for a continuous time homogeneous multi-state
Markov model with three transient states, and an absorbing state (death) for
kidney disease progression.
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In this paper, staged disease progression model with four transient states and
one absorbing state is proposed. The suggested model studied in the case of
continuous time homogeneous multistate model based on Markov processes.
The parameters of the suggested model estimated by ML method. The
likelihood function constructed using transition probabilities, therefore they are
derived first. The probability of survival for patients in different states of disease
for some time in the future is predicted.

This paper is organized as follows: Section (2) introduces multi-state models and
discusses the framework of Markov processes. In section (3) inference of multi-
state models is presented. Section (4) discusses some extractor quantities.
Section (5) is devoted to the suggested model and the estimation of its
parameters. In section (6) an application using BOS data set is applied to
represent the performance of the suggested model. Section (7) contains
conclusions.

Multi-state models

MSMs are the most commonly used models for describing the development for
longitudinal data. MSMs are models for a stochastic process, which at any time
point occupies one of a set of discrete states. In medicine, the states can
describe conditions like healthy, diseased, diseased with complications, and
death. A change of state is call a transition. This corresponds to outbreak of
disease, occurrence of complications and death.

MSMs can be illustrated using diagrams with boxes representing the states and
with arrows between the states representing the possible transitions. A state is
call an absorbing state if transitions cannot occur from that state. A transient
state meaning that at least one transition is possible from that state. The
complexity of a MSM depends on the number of states and on the possible
transitions.

MSMs for interval-censored data are commonly formulated in a Markov
processes framework [Kalbfleisch and Lawless (1985)]. The Markov property
states that the future of the process only depends on the current state. There
are two types of Markov process in the literature; one is discrete-time Markov
process, and the continuous-time Markov process. This paper is concerned with
continuous-time multi-state processes.

Continuous-time Markov process expresses the condition that the state space,
S, is discrete and the time T is continuous. Given the time points t4, t,, ..., t,,
it is of interest to examine the joint distributionYy, Y5, ..., ¥, where ¥; = Y(tj)
for j = 1,2,...,n. Commonly, (Y (t)|t € T) is assume a Markov process,
which means that the future state of the process only depends on the current
state. Thus, a continuous-time Markov process on the discrete states D is
defined through a set of probabilities, p,s(t), such that,
prs(tw)=pYu+t)=s|Y(u)=r) for u=0t=0, (2.1)
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which represents probability of being in state s at a specified time u + ¢t in the
future. [Van den Hout (2017).
In applications, models are specified through the transition rates (transition
intensities), q,s(t), which represent the rate of transition to state s for
someone currently in state 7 over a small time interval. In time-homogeneous
multi-state models all transition intensities, g,.;, are assumed to be constant as
functions of time and specified as follows:
Y(t+At) =s|Y(t) =71

Qrs(t)ZQrs:Algr_)nop( (e )At Y ) r*Es , (22)
where q,s(t) is the instantaneous risk of moving from state r to state s
Transition intensity matrix (the generator matrix) , Q, given by:

G11 = — Xsz1G1s 412 Qi3 = Gin
Q) = 421 G22 = — Ls#292s G2z - Qen|, (23)
: 32 “ e Qap
Where Q(t), is a matrix with off-diagonal entries q,.c and diagonal entries
Qrr = — Yos+r Qrs- 1f @ = 0 the state r is called absorbing.

The generator matrix satisfies:

e qs=0 forr#s

* Ysqrs=0
The Markov process (Y ()|t € T)istime homogeneous if the probability (2.1)
only depends on the initial state as follows:

Prs(@) =p(Y () =s|Y(0) =71) , (24)
The probabilities in (2.4) satisfy:
1) 0<pr(t) <1, (2.5)
2) pr(t) = Xsprs(W) pri(t — u), t>u (2.6)
3) Zs prs(t) =1, (2.7)

Eg. (2.6) is the Chapman-Kolmogorov equation for a time homogeneous Markov
process. Then, the matrix P(t) which contains these probabilities is called the
transition probability matrix, P(t), and is defined as

P(t) =Pw)P(t—u) withp(0)=1, (2.8)

For a given generator matrix, Q, a Markov process is defined. The link between
a generator matrix and its probability matrix is established by the forward and
backward equations as follows:

Pt)=P®)Q, (2.9)

P(t) =QP(v), (2.10)
Given the initial condition P(0) = I, the unique solution of both forward and
backward equations in (2.9) and (2.10) is

P(t) = exp(Qt) = L (2.11)
k=0
Where exp is the matrix exponential. [cox and Miller (2017)].

Using the eigen-decomposition of Q, the transition probability matrix P(t) is
computed. If Q@ has an eigen-decomposition, then the matrix exponential can
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be expressed in a simple form. Let B be a diagonal matrix of eigenvalues of Q

and let 4 be a corresponding matrix of eigenvectors, so that

Q = ABA 'and Qt = ABtA™ .

It follows that

exp(Qt) = Aexp (Bt) A1, (2.12)

This is much simpler, since exp(Bt) is a diagonal matrix whose (i, i)th element

is simply ePiit .

Thus, the formulas for p,(t) in terms of g, can be derived by carrying out

the following steps:

1. Form Q with algebraic elements of g, .

2. Derive formulas for the elements of B by solving the characteristic equation
det(Q —bI) =0.

3. Derive formulas for the elements of A by solving Qx = bx, where x isann *
1 vector.

4. Derive formulas for the elements of A~! by any of several standard
methods.

5. Derive formulas for the elements of P(t) = A exp(Bt)A™! by using the
rules of matrix multiplication. [Jones et al. (2017)].

The transition probability matrix P(t) can be used for predicting the probability

of survival for patients in all states of disease, for some time t in the future by

plotting the expected probability of survival against time, from each transient

state.

Inference of Multi-State Models:

Maximum likelihood estimation

The likelihood function is formed with the transition probabilities. Suppose

that each of a random sample of n individuals is observed at times

to, t1, - tm- If Mgy denotes the number of individuals in state r at t;_; , and

s at t;, then the likelihood function for 8 is given by:

m D
L(O) = 1_[{1_[ Prs (ti—1, tl)n”’}, (3.1)
l r,s=1

=1
In the time-homogeneousw = t; — t;_1,l = (1,...,m) the likelihood (3.1)
can be written as

D
1©) = | | prs (s (3.2)
r,s=1

where n,.; = Y/%; n, is the total number of recorded transitions fromr to s .
[Kalbfleisch and Lawless (1985)]
Since, for eachr, the likelihood (3.2) is of multinomial form,

D
n,!
L, = D—r|1_[prs (w)™rs, s=12,..,D (3.3)
I1s:1nrs's_1

Then, the IikeIihoBd function for the entire group is
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D
L(0) = 1_[ L, (3.4)
r=1
The natural logarithm of the likelihood function is of the form:
INL(8) = ) s Inprs(w) (35)

rs
The maximum likelihood equations are:

CONLO) O e Opw)
Ui(e)_a—ei_zprs(w) 20, =0, i=12,..,d (3.6)

rs
The maximum likelihood estimates of U;(8) are derived using numerical

methods.

Confidence Intervals for the Parameters

The ML estimators of the parameters are asymptotically normal, asymptotically
unbiased and have asymptotic variance—covariance matrix given by the inverse
of the Fisher information matrix. The elements of the fisher information matrix
are obtained by taking the negative expectation of the second derivatives of the
natural logarithm of the likelihood function, L(@), with respect to @ as follows:

2
1(0) = —E <a Ke)) , (3.7)

00,00,
Then the second derivatives of the natural logarithm of the likelihood function
is given by:
2 k azprs (W) aprs (W) aprs (W)
0°£(0) 90,00, a0; ~ do,
= z rs X

=)n — , 3.8
96,00, L. Ps) PP w) 9

Unfortunately, the exact mathematical expressions for the above expectations
are very difficult to obtain.
Therefore, the asymptotic Fisher information matrix is

aZf(e)>= i Ty Opis(W) 0 O) o

iy =~ ,
J 00,00,) ~ Lipysw) 06, 00,

which is obtained by dropping the expectation operator E and using the fact

azprs(W) _
that 30,00, — 0.
The approximate asymptotic variance —covariance matrix for the ML estimators
is the inverse of asymptotic Fisher information matrix. It is useful for computing
the standard error of ML estimation.

1
1(0)71 = adj 1(0) (3.10)
11(6)]

where adj 1(0) is the ad joint of 1(0)
For large sample size, the ML estimators under regularity conditions are
consistent and asymptotically unbiased as well as asymptotically normally
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distributed; hence the asymptotic two sided confidence intervals of the

parameters for the ML estimators are obtained by:

Tl
BimL .

where z is the 100(1 _E) th standard normal percentile. The two sided

p =1-a, (3.11)

approximate 100(1 — %)100% confidence intervals are given by:
Lo = Oy — Zz 6y, and Ug = Oyy +Zz 65, ,i=12,..,b (3.12)
2t 2

where 65 is the standard deviation of the parameters ;and By, is
the ML estimates of the parameters 8.

Some extractor quantities

A set of quantities can be used to extract interesting features of the fitted multi-
state model including expected duration in each state and the population size
of states.

Expected duration time in each state:

It represents the average duration that an individual is expected to stay in each
state with a time period of length t depending on the initial state. The expected
duration of stay in state s between times t, and ¢t for an individual in state r at
time ty, is defined by the integral from t, to t of the 7, s entry of the transition
probability matrix, P(t).

For person in state r at current time tg, let

ers(t) is the expected duration of stay in states in the interval
(to, 1), s=12,..,D

Let an individual be in state r at time t, and, for each u, t, <u < t, define
indicator function I.;(u) so that

_ (1 if the individual is in state r at time t
s W) = {0 otherwise , (4.1)
With the expectation
E[Irs(u)] = DPrs () (4.2)
Then,
t
ers(®) = E [ hs(w) du 43)
to

Interchanging the expectation and the integral sign gives

t

ers(t) = f prs(u) du, to<u<st,r,s=12,..,D (4.4)
to

The sum of the expected durations of stay over all states is equal to the entire

length of the interval,
er1(t) +es(t) + - +e(t) =t, r=12,..,D (4.5)
[ Chiang (1968)].
The population size of states:
It provides a description of population size in all states over a period of time. An
individual in state S, at time 0 must be either in the same state or move to
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another state at time t; consequently the corresponding transition probabilities
is given by equation (2.7).
At time t =0, let there be x4 (0) individuals in state S; and x,(0) individuals in
state S, , and so on x,.(0) individuals in states S, , where r = 1,2, ..., D. Thus
the sum x(0) = x;(0) + x,(0) + -+ xp (0) be the initial size of the
population.
Suppose that the x(0) individuals travel independently from one state to
another, and that at the end of the interval (0,t) individuals are in states
S1,S5, ..., Sp ,.Obviously

x(0) = X;(t) + X,)+ -+ Xp (1) (4.6)
Each r of the random variables on the right side of (4.6) have a multinomial
distribution with probability generating function given by:

E [Zfrl(t) ;(rz(t) ) grs(t) | XT(O)]
= [pr1(t) 2y + Pra(t) 2z + -+ prp(t) 2p]r (@ (4.7)

Therefore, the probability generating function of the joint probability
distribution for the population sizes of all the states at time t is

E [Zfrl(t)zg(rz(t) ZgrS(t) | X1 (0)' X, (0)’ ,Xr(O) ]

[Pr1(t) 21 + Dra(t) 22 + -+ + pyp (8) 2p]¥r(© (4.8)
-
and the joint probabilities are

P(Xl(t) = %1, X5 (£) = Xp, o, Xs(£) = x5 | %1(0), %5 (0), ..., x,(0))
x,(0)!
Zl_[x ] prl(t) r prz(t)xrz . pT‘D(t)er r,s
1l

! xr2 «XyD

rs r=
=12,. D (4.9)
The expected number of individuals in state Sg at time ¢ is given by:
E[Xﬁ(t) | xl(O)IxZ(O)J le(O) ]
=x1(0) P1ﬁ(t) + x,(0) pzﬁ(t) + -+ x,.(0) Prp (®) (4.10)
Chiang (1968)].

The Suggested Model

The model contains four transient states and one absorbing state. The four
transient states are well state S;, mild disease state S,, moderate disease state
S3 and the severe disease state S,. An absorbing state is the death state Sg .The
considered disease is so dangerous that recovery from it is not allowed. Also,
there is no transitions between disease states. The possible transitions are
shown in the following figure:
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51 o S22 |

S3

Sa

Figure 5.1: The proposed 5-state model.

The computation of the transition probability matrix,P(t), following steps in

section 2.4 is as follows:

The transition intensity matrix, Q, is as follows:

Q —

[%1 g2 O 0 Yis ]
0 G2 q23 0 Qs

| 0 0 (g33 4934 (35 |
l 0 0 0 qasa Yss l
lo o o o o I

)’

(5.1)

where qy1 = —(q12 + q15), 22 = —(q23 + q25), G433 = —(q34 + q35),Qas =

—q45-
The matrix of eigenvalue, B, is as follows:
[d11 0 0 0 O 1
| 0 g O 0 o |
B=|0 0 g33 0 0|
0 0 0 q4a O
l 0 0 0 0 O

The matrix of eigenvector, 4, is as follows:

A=
1 1 —d12 —dq12 423
q11—933 (q11—944)(q22—q44)
0 d11—922 1 —d23
—q12 q22—q44
q22-
0 0 433 1
—q23 433-q44
0 0 S
434

The inverse of the matrix, 4 is given by:
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At =
- - h
—d12 q12423 —f -
D D
A11—922 (911—433)(q11—422) 412023034 _]
—di12 —d12423 —
0 — — — (922=944)(411=922)(q22—q33) D
d11—q22  (q11—922)(d22—q33) _ _L
23 (23934 —L , (54)
0 0 Ga2—033 (433—q44)(d22—q33) D
0 0 0 _~934 q34
0 0 0 433-q44 433-qq4
L 0 1
where

(@22 — 944)(@11 — qa4) — (11 — 433) (2911 — Gaa — q22)

f =422~ 4s3)l (911 — 933) (422 — 944)(q11 — Ga4)
_ (911 — 922) (@22 — 933) (433 — q44)

]

D
—q12 923934
h= (g —q )[Q34+Q33_Q44+Q12+Q11_QZ2_ 2q11 — Gas — q22 ]
22 33 q34(q11 — q33) q12 (922 — 944)(q11 — qaa)

434923 + (G422 — q44) (@23 + q22 + q33)

= @5~ au0)|
133~ faa q34 423(q22 — qaa)
_ (911 — 922)(q34 + q33 + q4a)

L
—{q12 934
Then, the transition probability matrix is as follows:
gdut M N R T
0 et p U %
P(t)=]| O 0 933t w Y , (5.5)
0 0 0 edaat 1 — eYaat
l 0 0 0 0 1
where
ed11t _ pdz2t
M= q12( )
11 — 922 . . .
N = 912 923(q22 — q33)e " — (q11 — q33)e®22" + (q11 — q22)e®3']
(911 — 433)(G22 — q433)(G11 — G22)
R = [ 1 2G11—944— 922 [ 12923934 €711° ] _
d11—933 (922—444) (11— 944)1 L(q11—922)(q33—q44)
412923434 ed22t + 4124923434 edsst +
(q11=922)(422—4933)(q22—q44) (q11—933)(q22—933)(q33—q44)

412923434 edast

(933 044)(q11—944)(A22—q44)

1 it oot L e33t
T=B h et — [ g922t —¢q,,

d11 — 433
t
412923934 €14

— +
(911 — 944) (422 — 944)(q33 — qa4)
[efhzt — e‘l33t]

1

qz3
p=——"—
(922 — q33)
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edz2t ed33t

U = q23q [ -
2334 (@22 — 944)(@22 — 933) (33 — 944)(q22 — q33)

edaat

B (@33 — q44)(G22 — q44)

— qaat
V = l I:MI e‘lzzt + L eq33t] _ q23q34 et + 1
D q12 (922 — 944)(q33 — Qa4)
= ﬁ [ ed33t eQ44t]
Y = _—L <M) eQ33t + L eq44t + 1
D q23 433 — qas

Using equation (3.3) to obtain the likelihood function for each row:
For the firstrow (r = 1)
ny!

Ly—y = s P11 (W)™ prp(w)™2 pys(w)™s,  (5.6)

nq1!nq! nys!
For the second row (r = 2)

n,! - - -
, 5.7
nag igal gt P22 (W) P23 (W) pas (W) .7)

For the third row (r = 3)

ns! . . .
e naal el PR3O Paa W)™t pas(w)™s, - (5.8)
For the fourth row (r = 4)
ny!
Lr=4 = —_— p44(w)n44 p45(w)n45’ (59)
Tl44! Tl45!
Then, the likelihood function for the entire group is:

Ly =

Lr=3 =

4
0) = HLT Y S S (5.10)
r=1

The natural logarithm of the entire group is:
InL(0) < ny;Inp;,(w)

+ 1y, Inpi(w)

+ ny5Inpis(W) + nyy Inpyy (W) + ny3Inpys(w)

+ N5 Inpys (W)

+ nz3Inpsz3(W) + N3y Inpss(w) +n3s Inpss(w)

+ N4 Inpas(w)

+ nys Inpys (W), (5.11)
Substituting with probabilities in (5.11), differentiating with respect to 8 and
equating to zero yields the score equations. These equations don’t have closed
form solution. They can be solved numerically to obtain the estimator of the
elements of the transition intensities matrix
411,412, 415, 922, 423, 425, 433, 434, G35, Gaa aNd G5 .
Using equation (4.4) the expected duration of stay in S; , S5, S3, S, and S5 in the
interval (0, t) can be derived respectively as follows:
- For an individual in state S; at time 0 are:
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ed11t — 1
e (t) =———,
1 q11
(eqllt — 1) (quZt — 1)
izl q11 B q22 ]
ep(t) =
q11 — 422

(5.12)

, (5.13)

ei3(t)

edut — 1 ed22t — 1 edsst — 1
q12 923 [(QZZ - %3)—( ) = (q11 — q33) Q + (11 — q22) Q
_ q11 q22 433 (5.14)
(@11 — 933)(q22 — 933)(q11 — 922) ’

q11
q11—433 (q22—944) (411~ 944)1 | (@11—022)(q33—q44a)
(e922t-1)
T e 412923434
(d11—922)(422—433)(g22— Q44)
(e944t_1)

q44

(433—924)(q11—924) (@22—q4s)

(12023034 D)
_ 1 2411~ q44—q22 12H23734
e14(t) = [ - —

(e933t—1)
4124923934 " das

(11— 933)(422—q33)(q33— Q44)

4124923934

(5.15)

(e933t — 1)
1| (emt—1) [ (e%2t—1) B ee—
eis(t) =—|h q - —q12 L 133
11

q22 q11 — 433

)

(eQ44t — ]_)
44
- +t 5.16
(@11 — 924) Q22 — 944) (433 — q44) ( )

12923934

- For an individual in state S, at time 0 are:

ed22t _ 1

ez2(t) = o (5.17)

22t 33t _
ey (0) = [(eq 1) (eq 1)]

(QZz CI33) (518)

ed22t — 1 ed33t _ 1

e2(t) = [ B
24 12334 422(422 — qaa) (922 — q33)  433(q33 — qa4) (922 — q33)
edaalt 1

B q44(q33 — q44) (q22 — CI44)]' (>19)
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b q12922 3t
Q23q34 (€941 — 1)

q44(q22 — q44) (433 — q4a)
- For an individual in state S5 at time 0 are:

eys(t) =

+t, (5.20)

ed33t — 1
e33(t) = ————, (5.21)
q33 Gt _ 1 Gt _ 1
q34 e 33t — e 44°L
es.(t) = [ - ], (5.22)
3 (@33 — qaa) q33 Q44t .
L — 1 — eq33 eq4-4- — 1
ess(t) = — <(QZ2 q33)( )> n q34( ) plaat
D q23 433 q44(q33 — qaa)
+t, (5.23)
For an individual in state S, at time 0 are:
edaalt 1
e4q(t) = ———, (5.24)
a4
1 — e944t
ep() =t+—mf (5.25)
qas

The distribution of individuals in all states at time t according to initial state at
time 0 are summarized in Table (5.1) .

Table 5.1: The distribution of individuals in all states at time t according to
initial state at time 0.

State at time t .
Initial
S1 S, S3 Sy Ss population
. Sizes
State at time 0
Sy X11(0) | X12(8) X13(t) X14(0) X15(8) x1(0)
AP X22(t) X23(t) X24(t) X25(t) x2(0)
S3 X33(t) X34(1) X35(t) x3(0)
S4 Xaa(t) Xa5(1) x4(0)
population sizes
attimet X1(t) X,(t) X3(t) X4(t) Xs5(t) x(0)
Application

The suggested model is illustrated using an application of BOS data set. The
dataset containing histories of bronchiolitis obliterans syndrome (BOS) from
lung transplant recipients. BOS is a chronic decline in lung function, often
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observed after lung transplantation. The BOS data set is provided in the R
package msm.

Data description

The data come from Papworth Hospital U.K and are available in the msm
package. It contains 638 rows, grouped by patient, including histories of 204
patients. The first observation for each patient is defined to be in state 1 after
six months from transplant. Subsequent observations denote the entry times
into stages 2, 3, 4, representing mild, moderate and severe BOS respectively,
and stage 5, representing death. BOS data includes ptnum representing patient
identification number, time representing months after transplant and state
representing BOS state entered at this time. The entry time of each patient into
each stage of BOS was estimated by clinicians, based on their history of lung
function measurements and acute rejection and infection episodes. BOS is only
assumed to occur beyond six months after transplant. In the first six months the
function of each patient's new lung is stable. Subsequently BOS is diagnosed by
comparing the lung function against the baseline value.

Results

A five-state continuous time homogeneous multi-state Markov model is fitted
for BOS data as defined in Figure (5.1).

The state table for BOS data is summarized by the frequencies in Table (6.1).

Table 6.1: The state table for BOS data.

To state
From state 1 2 3 4 5
1 72 103 0 0 29
2 0 15 77 0 11
3 0 0 9 52 16
4 0 0 0 9 41

Table 6.1 shows that there were 29 deaths from state 1, 11 deaths from state
2, 16 deaths from state 3 and 41 deaths from state 4. The number of
transitions from stage 4 to stage 5 is highest in comparison to transition from
other stages to stage 5. There are no observations of mild, moderate and
severe BOS followed by an observation of no BOS (state 1).

The estimated transition probability matrix at t = 30 months is given in Table
(6.2).
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Table 6.2 : The estimated transition probability matrix at t = 30 months.

From stastt:1te ! 2 3 4 >
1 0.4578 0.2248 0.0827 0.1293 0.1054
2 0 0.1762 0.1032 0.3529 0.3677
3 0 0 0.0119 0.3565 0.6316
4 0 0 0 0.3196 0.6803
5 0 0 0 0 1

Table 6.2 shows that

e A person in state 1, has a probability of 0.1054 of being dead after thirty
months, a probability of 0.4578 being still in state 1, a probability of
0.2248 of being alive with mild BOS and probabilities of 0.0827, 0.1293 of
being alive with moderate/ or severe BOS, respectively.

e A person in state 2, has a probability of 0.3677 of being dead after thirty
months, a probability of 0.1762 being still in state 2 and probabilities of
0.1032,0.3529 of being alive with moderate/ or severe BOS, respectively.

e A person in state 3, has a probability of 0.6316 of being dead after
thirty months, a probability of 0.0119 being still in state 3 and a
probability of 0.3565 of being alive with severe BOS.

e A person in state 4, has a probability of 0.6803 of being dead after
thirty months and a probability of 0.3196 being still in state 4 .
The likelihood estimates of transition intensities (estimated hazards) between
various stages, standard error and 95% confidence intervals are shown in Table
(6.3).
Table 6.3: The likelihood estimates of transition intensities (estimated
hazards), standard error and 95% confidence intervals.

Transition Confidence intervals
Transition | intensities SE Length
(estimates) L U
Q12 0.0254 0.0027 0.0211 0.0306 0.0095
Q15 0.0006 0.0027 0.0000 0.0057 0.0057
Q23 0.0564 0.0087 0.0435 0.0733 0.0298
Q25 0.0014 0.3137 0.0000 0.6163 0.6163
Q34 0.1271 0.1561 0.0903 0.1789 0.0885
qss 0.0206 0.0574 0.0046 0.0920 0.0874
Qas 0.0380 0.0059 0.0292 0.0495 0.0203

Table 6.3 shows that transition intensity rate of moving from one state to the
next is greater than the transition intensity rate of moving to death state. It is
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noticed that the SE of the transition intensities are small, the estimated
transition intensities lie in 95% confidence intervals and the lengths of the
confidence intervals are small.

The expected duration of stay in each state is given in Table (6.4).

Table 6.4: The expected duration of stay in each state.

Transient state

Initial state State 1 State 2 State 3 State 4
State 1 38 17 6 22
State 2 - 17 7 22
State 3 - - 7 22
State 4 - - - 26

Table 6.4 shows that

a person in state 1 is forecasted to spend 38 months in state 1, 17
months in state 2, 6 months in state 3 and finally 22 months in
state 4. These results show that a person is expected to spend
more time in state 1 and state 4 compared to the time spent in
other states.

a person in state 2 is forecasted to spend 17 months in state 2, 7
months in state 3, and finally 22 months in state 4. These results
show that a person is expected to spend more time in state 4
compared to the time spent in other states.

a person in state 3 is forecasted to spend 7 months in state 3, 22
months in state 4.

a person in state 4 is forecasted to spend 26 months in state 4.

The distribution of individuals in all states at time t = 30 months according to
initial state at time t = 6 months is given in Table (6.5).

Table 6.5 : The distribution of individuals in all states at time t = 30 months

according to initial state at time t = 6 months.

State at State at Time t = 30 Initial population
Timet =6 sizes
s, | s, | s, | s, Se
Sq 93 46 17 26 22 204

Table 6.5 shows the distribution of individuals in all states at time ¢t = 30
months according to initial state at time t = 6 months. It is clear that State 1
have the highest number of individuals. Since BOS assumed to occur beyond six
months after transplant, all individual start from state 1 at time t = 6 months.
A plot of the expected probability of survival function for each transient state
given in Figure (6.1).
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Figure 6.1 A plot of the expected probability of survival against time from each
transient state.

Figure (6.1) shows that the survival probability curve of state 1 is the
highest and the survival probability curve of state 2 is somewhat high
which means that the probability of survival for individuals in state 1 and
state 2 is high. The survival probability curves of state 3 and state 4 are
lower than the survival probabilities in state 1 and 2 which reflects the
rapid deterioration of individuals in state 3 and 4.

Conclusions

The multi-state model has been use to understand the progression of several
chronic diseases involving transitions across different intermediate states
indicating the severity of the disease in continuous time. The model provides
more insight into the complex event pattern and thus it can be used as an
effective tool to study the effectiveness of treatments.

In this paper, five states progression model is suggest. The parameters of the
suggested model are estimate by maximum likelihood method. The transition
probabilities are deriv. Confidence intervals of the estimated parameters are
obtain. Some extractor quantities of the model are deriv. The probability of
survival for patients in different states of disease for some time t in the future
is predict.

The analysis in the current paper used the BOS data set provided in the R
package msm. By analyzing this data, we found that transition intensity rate of
moving from one state to the next is greater than the transition intensity rate
of moving to death state. The probabilities of transition from state 3 to state 5
and from state 4 to state 5 are high. The expected duration of stay in state 1 is
the highest compared to the expected duration of stay in other states. Survival
probability of severe and moderate BOS decreases over time.
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Abstract:

Introduction: Coronavirus disease (COVID-19) is a new mutation of
coronavirus (SARS-CoV) that cause a pandemic in 2019. During COVID-19
pandemic, women and children were affected by the disruption of health
services, specifically in developing countries. Patients and methods: The
study was done in Iraq ,Descriptive study was done to identify the effect
of Covid19 on women and child care in many aspects including: site of
births, primary health care services and breastfeeding for three years
(2019,2020,2021).

Results: The total births decreased in year 2020 compared to 2019, while
in 2021 it is more than 2019, a decrease in births within governmental
hospitals with the onset of the pandemic, and then return to the rise.
Increased births in private hospitals during the years 2020, 2021.
Discussion: Decrease of governmental hospital birth and antenatal care
visits because the women afraid from getting infection with COVID-19 in
health centers.

Keywords: COVID 19, antenatal care, breastfeeding, birth.
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Introduction:

Coronavirus disease (COVID-19) is a new mutation of coronavirus (SARS-
CoV) that cause a pandemic in 2019, which overspread internationally. )
According to WHO, during pandemics all supports directed to overcome
the emergencies, so, the routine and basic health care services usually
neglected. ) During epidemics of Ebola at 2014,

The maternal and neonatal mortality caused by Ebola virus itself is less
than that caused by indirect effect of health care services destruction due
to epidemic shift of services. ®) During COVID-19 pandemic, women and
children were affected by the disruption of health services, specifically in
developing countries. ) Pregnant women and children in low resources
countries are likely to face big impact during pandemics. ) For example
, In 2020, the maternal mortality ratio (MMR) was 211 per 100,000 live
births while there were around 5.3 million under five deaths.®
Restriction for visiting hospitals to patients relatives during pandemics
,and depending on tele-consultations, together with fear of infection,
make confusion to pregnant ladies and patients about seeking health
care from health centers or not. 7 in order to not overburden the
hospitals, during epidemic many patients think that their health
problems are not important enough to go to hospitals which are already
overcrowded with patients. 1© Many countries adopt lockdown and low
person-person contact due to unavailability of vaccine at the beginning
and deficiency of treatment. (1313 about breast-feeding and covid19,
theoretically newborns do not have immunity against disease. 4 This
put breastfeeding among infected ladies understudy during pandemic,
(15) 3lso the mother afraid from transmitting the virus to their babies. (16)
Finally two reviews in 2020 favored continue lactation even if the mother
is infected. (17:18)

Patients and methods:

Study setting: The study was done in Iraq, the data from the monthly
reports sent from the primary health care centers, hospitals and the
statistics of the Ministry of health and environment.

Study design: Descriptive study was done to identify the effect of Covid19
on women and child care in many aspects including: site of births,
primary health care services and breastfeeding for three vyears
(2019,2020,2021).

Data analysis: Computer feeding and statistical Analysis was done by Acer
computer and Minitab (18th edition), many statistical diagrams was used
to explain the relations.
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Results:

l. Site of births:

1.1 Total births:

The total births in Iraq decreased in year 2020 compared to 2019, while
in 2021 it is more than 2019 as shown in figure -1-

Figure -1- The total number of births in Iraq
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1.2 Births in governmental hospitals:
we note a decrease in births within governmental hospitals with the
onset of the pandemic (2020) and then return to the rise by 2021,

Figure -2- Births in government hospitals
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especially in the months after the first quarter to the end of the year as
shown in figure -2 - with non-significant p-value(0.336).

1.3 Births in centers that contain birthing halls:

The results show fluctuating increase and decrease during the three
years of the study as shown in figure -3- with non-significant p-
value(0.0154).

1.4 Births in private hospitals:

Results showed increased births in private hospitals during the Yyears

Figure -3- Births in centers that contain birthing halls
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2020,2021 in comparison to year of 2019 as showen in fiqure -4- with
highly significant p-value (0.007).
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1.5 Births outside the health institutions:

Figure -4- Births in private hospitals
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Results shows increase of births outside the health institutions in second
half of the years 2020, 2021 in comparison to 2019 as showed in figure -
5- with non-significant p-value (0.511).

Figure -5- Births outside the health institutions
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Il. Primary health care services

Comparisons were made between the first and fourth antenatal care
visits for pregnant women in Irag on monthly basis for the three years of
the study. In addition, the results shows that the first and forth visits
percentages were declined in 2020, 2021 in comparison to 2019 for the
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months (January to April), while in months (May to August) there is
increase of visits in comparison to first third of the year. From September
to December, there is fluctuation in the percentage of visits (figures 6-
17). In addition, the results shows that Anbar directorate recorded the
lowest visits (first and fourth) in comparison to other health directorates.

Figure -6- Periodic medical examination for pregnant
women and mothers for the month of January
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e 7019 1st visit 70% 60% 68% 29% 58% 69% 85% 22% 63% 68% 52% 56% 62% 37% 43% 70%
e 2019 4th visit 45% 17% 29% 9% 15% 29% 40% 5% |25% 35% 30% 54% 24% 10% 29% 31%
e 2020 1st visit 63% 54% 65% 26% 59% 59% 68% 19% 59% 69% 58% 42% 55% 38% 40% 74%

2020 4th visit 33% 13% 30% 9% 16% 27% 45% 4% 25% 38% 29% 40% 20% 9% |14% 33%
e 2021 1st visit 51% 45% 57% 25% 51% 53% 55% 14% 55% 52% 50% 47% 46% 40% 33% 70%
2021 4th visit | 20% 10% 24% 6% 9% 20% 32% 4% |17% 24% 19% 18% 14% 10% 10% 25%

Figure -7- Periodic medical examination for pregnant
women and mothers for the month of February

80%
70%
60%
50%
40%
30%
20%
10%
0% Bag B
hzg hzg Dew Mut sala
Basr Nine May _ .~ Dyal Anb Babi Karb Kerk/ Was Thi- h Naja
d/ d/ . han
ah vah ssan a ar | ala uk it Qar Alde f
kara' Rus h a | an
kh afah

e 2019 1st visit 71% 58% 62% 26% 58% 62% 61% 22% 64% 67% 53% 56% 60% 38% 58% 74%
e 2019 4th visit 42% 14% 26% 7% 15% 24% 37% 5% 27% 35% 28% 54% 23% 10% 30% 39%
e 2020 1st visit 65% 54% 28% 28% 62% 60% 72% 23% 61% 67% 61% 59% 56% 42% 33% 70%

2020 4th visit | 28% 13% 9% 9% 16% 28% 43% 5% 26% 47% 26% 48% 20% 8% |16% 30%
e 2021 1st visit 51% 46% 58% 25% 45% 51% 58% 17% 51% 57% 45% 46% 45% 38% 33% 63%
2021 4th visit | 16% 11% 21% 7% 8% 20% 30% 4% |15% 25% 18% 16% 12% 8% 10% 21%
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Figure -8- Periodic medical examination for pregnant women and
mothers for the month of March
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e 2019 1st visit 73% 54% 61% 30% 66% 74% 78% 17% 67% 78% 55% 56% 65% 40% 43% 76%
e 2019 4th visit | 41% | 14% 29% | 10% 17% 30% 34% 3% 31% 38% 28% 54% 25% 10% 29%  39%
e 2020 1st visit 49% 35% 43% 18% 32% 52% 61% 17% 61% 48% 51% 52% 54% 38% 32% 57%

2020 4th visit | 26% | 10% | 21% 5% 8% 22% 37% 2% 26% 28% 23% 37% 17% 9% 17% 24%
e 2021 1st visit 54% 49% 65% 24% 53% 53% 71% 21% 59% 54% 51% 51% 38% 39% 33% 72%
2021 4th visit | 18% | 11% 24% | 7% 8% 16% 36% 3%  17% 24%|20% 16% 10% 9% 9% | 23%

Figure -9- Periodic medical examination for pregnant women
and mothers for the month of April
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2019 1st visit 71% 62% 67% 33% 59% 69% 76% 17% 68% 69% 61% 58% 64% 41% 47% 76%
e 2019 4th visit 42% 16% 30% 10% 14% 27% 25% 2% 29% 40% 29% 54% 23% 11% 22% 36%
e 2020 1st visit  50% 43% 59% 23% 61% 51% 77% 20% 68% 47% 63% 54% 58% 27% 30% 66%

2020 4thvisit | 18% 8% |18% 7% 9% |20% 46% 5% 22% 22% 21% 33% 16% 8% 17% 22%
2021 1st visit 54% 46% 58% 24% 56% 51% 64% 23% 55% 62% 50% 52% 48% 35% 33% 65%
2021 4th visit | 18% | 10% 18% 7% | 8% 21% 31% 3% 19% 23% 19% 16% 13% 8% 8% 23%
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Figure -10- Periodic medical examination for pregnant
women and mothers for the month of May
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o019 1st visit | 66% | 48% 46% 26% 54% 61% 64% 12% 59% 55% 49% 49% 45% 34% 45% 54%
2019 4th visit | 41%|13% 23% 7% 12% 27% 47% 3% 28% 31% 28% 50% 17% 9% 18% 32%
e 2020 1st visit 52% 38% 44% 22% 44% 47% 28% | 17% 44% 46% 39% 40% 35% 28% 31% 67%

2020 4thvisit | 21% 7% 13% 7% | 7% 19% 36% 3% |18% 23% | 17% 32% 11% 6% |20% 19%
e 2021 1st visit 46% 50% 58% 24% 55% 52% 64% 19% 56% 63% 51% 51% 46% 35% 30% 71%
e 2021 4th visit | 18%|10% 20% 9% 8% 20% 34% 3% 18% 26% 19% 17% 12% 9% 10% 24%

Figure -11- for the periodic medical examination of pregnant
women and mothers for the month of June
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7019 1st visit 67% 55% 70% 21% 64% 67% 67% 18% 63% 75% 58% 56% 61% 30% 47% 77%
e 2019 4th visit | 37% | 14% 27% 8% |15% 27%  45% 4% 27% 33% 30% 26% 20% 6% 20% 39%
e 2020 1st visit 44% 37% 83% 30% 46% 39% 69% 12% 53% 70% 59% 54% 50% 43% 33% 82%

2020 4thvisit [ 19% 5% (21% 7% 17%37% 3% |19% 29% 22% 33% 13% 8% | 8% 14% 25%
2021 1st visit 62% 58% 74% 31% 66% 59% 71% 21% 63% 76% 60% 61% 52% 45% 37% 83%
2021 4th visit | 18% | 12% 23% 17%| 9% 20%  35% 4% 18% 30% 21% 18% 13% 7%  11% 26%
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Figure -12- Periodic medical examination for pregnant
women and mothers for the month of July
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2019 1st visit 68% 61% 77% 34% 71% 74% 73% 23% 71% 77% 65% 62% 66% 45% 47% 82%
e 2019 4th visit | 36% | 16% 31% 9% |14% 37%  46% 6% 29% 37% 32% 55% 22% 11% 19% 34%
e 2020 1st visit  40% 32% 46% 23% 41% 42% 58% 13% 46% 46% 42% 41% 41% 30% 31% 51%

2020 4thvisit | 17% 5% | 16% 7% 5% |15% 34% | 4% 15% 20% 18% 24% 10% 6% 15% | 18%
2021 1st visit 43% 39% 49% 22% 6% 41% 50% 17% 41% 49% 41% 41% 35% 33% 21% 44%
2021 4th visit | 15% | 9% 18% 8% | 1% 15%28% 3% 13% 23% 19% 34% 10% 6% 8% 18%

Figure -13- Periodic medical examination for pregnant
women and mothers for the month of August
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2019 1st visit | 62%|50% 52% 28% 59% 58% 57% 21% 52% 58% 49% 46% 52% 33% 43% 57%
e 2019 4th visit | 33%|13% 25% 7% | 10% 25% 40% 6% 23% 30% 27% 49% 18% 9% 17% 26%
e 2020 1st visit 43% 37% 45% 19% 53% 42% | 62% 14% 42% 40% 14% 43% 48% 31% 39% 52%

2020 4thvisit | 15% 6% |15% 6% 4% |16% 38% 3% 16% 15% 15% 24% 10% 6% 23% 18%
2021 1st visit 53% 50% 61% 28% 59% 53% 64% 12% 58% 60% 58% 55% 45% 38% 22% 72%
2021 4th visit | 17%|11% 20% 9% | 9% 18% 28% 3% 17% 13% 20% 18% 12% 9% 7% |25%
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Figure -14- Periodic medical examination for pregnant
women and mothers for the month of September
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e 2019 1st visit 68% 59% 63% 37% 61% 68% 69% 13% 65% 66% 68% 57% 60% 38% 48% 68%
e 2019 4th visit | 39% 16%30% 9% 14% 41% 46% 4% 30% 37% 32% 54% 22% 10% 20% 32%
e 2020 1st visit 51% 47% 63% 22% 63% 47% 67% 16% 53% 58% 52% 47% 56% 40% 33% 70%
2020 4th visit |17% 8% 20% 7% | 7% 21% 40% 3% 19% 15% 19% 29% 11% 11% 14% 24%
e 2021 1st visit 51% 42% 54% 26% 50% 45% 58% 17% 47% 50% 53% 47% 40% 30% 35% 57%
2021 4th visit 16% 9% |18% 10% 8% 18% 32% 4% 15% 18% 20% 14% 10% 6% 11% 23%

Figure -15- A periodic medical examination for pregnant
women and mothers for the month of October
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e (019 1st visit 63% 50% 56% 31% 54% 58% 60% 20% 48% 48% 61% 39% 48% 35% 46% 60%
e 2019 4th visit | 43% | 15%  30% | 10% 14% 34% 41% 5% 23% 27% 35% 13% 18% 8% | 19% 29%
e 2020 1st visit  46% 45% 57% 22% 54% 48% 60% 18% 51% 46% 46% 40% 49% 38% 33% 56%

2020 4thvisit [17% 7% 19% 6% 8% 16% 33% 5% |16% 12% 18% 24%|11% 8% 12% 17%
e 2021 1st visit 46% 49% 60% 23% 55% 53% 60% 18% 58% 62% 41% 53% 51% 35% 23% 65%
e 2021 4th visit |17%|10%  20% | 8% | 9% 19% 25% 2% 16% 26% 17% 14% 11% 6% | 7% | 24%
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Figure -16- Periodic medical examination for pregnant
women and mothers for the month of November
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2019 1st visit 62% 44% 54% 23% 52% 66% 63% 16% 56% 75% 64% 44% 46% 37% 42% 70%
2019 4th visit 41% 13% 25% 10% 14% 36% 45% 3% 27% 32% 33% 39% 17% 100% 16% 29%
e 2020 1st visit  48% 41% 57% 32% 55% 53% 60% | 16% 55% 67% 47% 45% 48% 36% 33% 64%

2020 4thvisit | 22% 8% |21% | 7% |10% 19% 37% 4% 106% 47% 20% 14% 11%| 0% |14% 22%
2021 1st visit | 31% 32% 43% 15% 30% 36% 47% 12% 36% 45% 30% 25% 31% 21% 15% 44%
2021 4th visit | 17% 12% 21% 9% 10% 19% 32%| 2% 17% 31% 20% 25% 12% 6% 7% |25%

Figure -17- Periodic medical examination for pregnant
women and mothers for the month of December
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7019 1st visit 32% 41% 35% 35% 46% 35% 29% 38% 38% 31% 30% 31% 38% 43% 35% 28%
2019 4th visit | 17% | 11% 16% 14% 11% 15% 17% 9% 16% 15% 16% 28% 13%| 9% 15% 13%
e 2020 1st visit 37% 45% 36% 40% 38% 37% 31% 40% 41% 30% 35% 42% 40% 46% 39% 33%

2020 4th visit | 15% 10% 14% 12%| 8% 16% 17% 12% 15% 16% 14% 13% 10% 10% 12% 11%
e 2021 1st visit 49% 48% 49% 21% 45% 49% 54% 17% 46% 55% 42% 48% 39% 32% 15% 59%
2021 4th visit | 17%|11% 18% 8% 11%20% 29% 2% 16% 24% 21% 20% 11%| 7% 6% 24%

Breast-feeding:
The results show increase percentage of breast feeding in most of Iraqi
cities for the years of 2020, 2021 in comparison to 2019 (figures 18-29).
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Figure -18- Percentage of newborns who were breastfed for
the month of January
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W2019 100. 33.6 20.3 67.3 73.6 33.2 61.0 67.7 30.5 50.9 51.3 63.7 69.0 47.8 31.1 27.9 61.2
W2020 97.4 32.0 37.7 69.3 74.4 545 850 414 76.6 53.5 73.1 739 639 61.2 79.2 223 935
m2021 89.8 32.7 33.7 63.2 709 46.0 93.4 90.4 54.4 47.7 69.7 84.2 49.8 47.6 43.8 454 89.8

Figure -19- Percentage of newborns who were breastfed for
the month of February
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W2019 94.4 36.5 61.2 714 72.1 36.2 37.6 51.5 27.1 549 66.4 59.2 59.4 639 46.2 29.1 55.2
W2020 97.5 36.9 31.7 66.5 70.4 55.6 62.4 39.8 68.4 45.0 72.1 91.5 59.4 57.3 84.2 17.6 91.7
W2021 84.4 33.6 36.2 63.0 77.2 79.6 69.0 82.3 72,5 50.6 66.0 89.4 53.9 46.2 65.4 479 94.1
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Figure -20- Percentage of those who were breastfed for the
month of March
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W2019 99.9 32.0 489 66.8 79.1 485 23.6 45.1 629 50.4 65.0 49.7 71.6 62.5 74.1 23.4 56.7
m2020 99.3 29.5 26.5 64.3 82.0 85.7 81.7 46.7 789 51.5 69.8 55.0 58.4 56.3 71.5 20.2 94.9
W 2021 88.6 34.5 55.6 60.8 74.6 54.8 66.4 73.7 72.7 50.2 67.3 85.0 49.6 48.1 69.5 455 95.3

Figure -21- Percentage of those who were breastfed for the
month of April
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m2019 100. 31.4 46.3 61.6 71.8 45.2 32.1 43.3 427 51.9 679 70.9 62.1 53.5 74.1 17.2 813
W2020 99.1 27.7 345 69.0 76.1 39.7 86.3 56.2 70.6 50.5 67.5 44.6 51.2 54.9 79.4 18.6 94.1
m2021 86.9 33.5 34.0 65.3 76.5 44.0 88.5 78.5 60.3 52.7 67.9 86.3 42.0 50.1 70.8 52.0 90.7
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Figure -22- Percentage of newborns who were breastfed for
the month of May
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m2019 80.8 289 369 66.1 759 31.5 30.3 46.2 53.0 52.5 73.4 69.3 63.8 59.5 73.5 24.6 83.5
W2020 27.8 29.2 446 65.6 79.5 55.1 77.6 52.7 72.5 542 715 56.0 49.2 64.8 75.0 18.0 93.4
m2021 78.4 34.1 413 639 719 56.1 81.0 74.4 47.8 49.5 67.6 92.0 55.5 49.3 71.4 56.0 92.1

Figure -23- Percentage of newborns who were breastfed for
the month of June
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m2019 945 339 395 70.1 785 44.5 309 46.9 26.7 53.5 59.4 73.7 63.7 59.8 55.4 33.1 80.0
W2020 41.0 253 52.8 649 73.4 50.8 81.8 51.1 63.1 51.6 69.2 51.7 49.8 51.6 64.1 22.3 94.4
m2021 75.4 34.0 393 61.1 685 50.7 96.2 93.9 51.4 50.2 68.7 94.8 49.4 503 41.6 51.3 86.0
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Figure-24- Percentage of newborns who were breastfed
for the month of July
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H2019 99.3 32.1 34.8 67.6 77.1 51.8 28.7 49.7 81.3 51.4 73.8 78.0 61.6 61.5 81.1 31.3 81.0
W2020 42,9 25.5 26.3 61.2 76.4 52.2 743 36.4 67.4 47.6 68.3 37.3 48.4 66.9 79.3 26.4 95.5
m2021 80.6 31.1 59.3 64.3 76.5 79.8 92.5 81.3 51.4 51.9 60.5 93.2 51.3 49.4 72.3 44.1 87.6

Figure -25- Percentage of newborns who were breastfed
for the month of August
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m2019 97.9 329 31.8 754 733 53.6 60.4 42.6 64.4 56.6 65.9 80.0 60.5 63.4 81.4 24.6 81.4
W2020 52.4 28.2 36.6 66.4 77.4 53.8 68.6 485 77.0 49.8 70.0 80.9 46.5 67.2 74.7 24.0 93.8
m2021 70.6 34.1 50.2 64.0 75.3 86.7 70.4 88.2 74.0 50.8 68.9 89.2 50.7 53.4 69.4 44.9 949
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Figure -26- Percentage of newborns who were breastfed for
the month of September
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m2019 97.5 30.6 29.1 71.3 74.1 57.6 709 46.7 76.3 52.3 70.8 77.8 72.0 62.0 80.9 48.9 87.3
W2020 44.7 28.1 357 67.0 77.7 51.1 72.4 37.7 75.6 47.2 66.9 50.8 50.5 61.0 71.4 13.5 92.3
m2021 78.2 34.9 30.8 63.7 749 51.7 63.8 90.0 83.5 50.0 66.9 50.8 58.1 48.3 57.3 48.9 94.3

Figure -27- Percentage of newborns who were breastfed for
the month of October
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W2019 97.1 29.6 252 68.7 76.3 93.0 36.1 43.5 80.2 57.2 74.2 83.7 47.2 59.3 75.5 30.2 80.9
m2020 485 29.6 82.0 64.1 74.4 47.7 819 50.0 61.0 51.6 66.8 51.2 51.4 51.0 81.3 32.2 94.4
W2021 782 342 36.5 552 783 42.7 70.0 74.8 88.5 49.4 66.0 92.9 65.2 56.0 65.6 47.6 92.3
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Figure -28- Percentage of newborns who were breastfed for
the month of November
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W2019 98.4 30.8 33.6 60.6 784 54.2 39.0 39.3 925 52.0 72.6 86.6 72.8 60.0 58.3 29.2 84.8
W2020 47.5 28.7 30.9 66.4 68.0 56.3 79.2 51.0 72.9 48.0 70.4 78.7 55.0 53.0 77.6 35.5 91.1
m2021 72.2 351 293 62.2 749 64.8 79.5 919 84.6 49.2 715 93.8 57.1 62.3 55.7 48.4 94.0

Figure -29- Percentage of newborns who were breastfed for
the month of December
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W2019 98.5 34.8 335 70.2 75.2 583 65.0 45.2 845 493 73.4 954 333 515 76.6 21.6 92.6
m2020 49.3 30.1 38.0 67.6 67.1 41.7 64.0 90.0 66.9 454 72.1 90.3 53.9 589 72.0 36.0 90.1
W2021 72.2 333 337 641 67.0 70.2 887 746 852 450 66.5 879 52.4 499 57.5 483 915
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Discussion:

Site of births

Total births

This study show decreased total births in 2020,this may be due to fear
of having congenital anomalies in newborns if getting the infection , while
in 2021 it is more than 2019 and this might be due to increase in
vaccination rate and the people want to complete their families after the
decrease in births in the previous year.

Births in governmental hospitals:

This study show decrease in deliveries in these hospitals in 2020, like
result of Anil K. Singh etal, Binyam Tilahun etal results (1929 this may be
due to the fact that the ladies afraid from getting infection with covid 19
in hospitals, the percentage begin to rise in 2021 after increase in
vaccination rate and increase in preventive care strategies, on the
contrary, Shweta Bankar etal study shows that deliveries in hospitals are
increased during pandemics, because women think that this will let them
able to receive better medication for themselves and their newborn . 2%
Births in centers that contain birthing halls:

The results show fluctuation in percentages of births in these centers
with no direct relationship with the pandemic, may be because these
centers are the only place for labor in rural areas.

Births in private hospitals:

The study show Increase in deliveries in private hospitals because the
governmental hospitals was used to treat covid 19 patients mainly and
the people thinks that the isolation and protective care equipment and
sanitization techniques are better in private hospitals than other places,
the result is same like Shweta Bankar etal results. (21

Births outside health institutes:

The results show increase in deliveries outside health centers during the
pandemic like Binyam Tilahun etal results, 2% in which 60-70% of mothers
delivered at home ,authors suspect this is due to fear from being infected
with covid 19.

Primary health care services:

The results show decrease visits in the winter, like Binyam Tilahun etal
Shweta Bankar etal, Mar Requena-Mullor etal, Faran Emmanuel etal
results, 2023 in May to august there is increase in visits, fluctuating
percentages of visits from September to December. The decrease in visits
belong to many reasons like: fear from getting infected with covid 19
virus, 24 some women think that their complains are not so important
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and don’t want to increase the burden on health workers and may be due
to the availability of tele-consultations programs which don’t need health
centers visits.

lll. Breast feeding:

This study show increase breast feeding rate during the pandemic may
be due to decrease job times of the working mothers because many
countries depend on the lockdown to flatten the curve of infections
which gave the women more time for lactation, also they know that
breast feeding support the immunity of their infants, and forbidding
many private jobs with crowded nature during the pandemic lead to
decrease the income of many families so they depend on breast feeding
as a cheap and available method of feeding, on the contrary, Mar
Requena-Mullor etal results shows breastfeeding of newborns
decreased during the pandemic (76.0% before versus 70.6% during the
pandemic), 22 and this may be due to geographic and social differences
between the studies.

Nowadays, many articles recommend breastfeeding regardless of
infection, arguing that transmission of the virus by this route is
impossible and that the benefits outweigh the dangers. (2529
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