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Abstract

Since the Ba'ath regime took over lIrag, they
oppressed the Kurdish nation in every way. In
1987, on the pretext of the Iran-lraq war, they
bombed the two cities (Sardasht and Piran shar)
in East Kurdistan After that year, 40 villages
and cities in South Kurdistan were bombed
include of them was Halabja on 3/16/1988. In
addition to 5,000 martyrs and 10,000 wounded,
most of the people of Halabja suffer from various
diseases, to determine the level of risks of
chemical gas to survivors suffering from
miscarriage, infertility and mental disorders, this
study was recorded by interviewing (500)
infected people recorded in the Ministry of
Martyrs and Anfal in Kurdistan.The results found
that the most risk on [Abortion disease,
Psychological disease (female), Infertility
disease(male), and transmission of disease], and
the level (0.70-0.90) is the most affected by the
chemical gases that cause Miscarriage, infertility,
and Psychological diseases In this paper IBM
SPSS software used for Analyzing the data.
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1. Introduction

Multinomial logistic regression (MLR) analysis is the best method for predicting how
chemical gas will affect the risk of Miscarriage, Infertility, and Psychological Disorders of
chemical attack survivors in Kurdistan. Whenever a response variable contains more than two
nominal or unsorted subcategories, “logistic regression analysis” one of the most beneficial
models available. In order to estimate the likelihood, multiclass problems are used to binary
logistic regression. Verhulst, a French mathematician, created the binary logistic function in
the 19th century to describe population expansion and the progression of autocatalytic
biochemical reactions. Verhulst published his recommendations after Quetelet modified them
between 1838 and 1847. For the decades up to the early 1830s, the logistic model was in
excellent agreement with the actual trajectory of the populations of France, Belgium, Essex,
and Russia, In 1920, Pearl and Reed made a fresh discovery about the logistic function while
researching the rise of the American population. The multinomial logistic regression is
generalization of logistic regression, depend on the maximum likelihood method (ML) to
estimate parameters of the model, the advantage of the multinomial logistic regression model
it do not need normally distributed (explanatory) variables and it used to prediction.

2. Objective

Due to the tragic spread of miscarriage, infertility and Psychological disorders in the
chemical-bombed areas, we aim to predict the ratio of the effects of the chemical gas on the
bodies of the victims by multinomial logistic regression.

3. Theoretical Aspect
3.1 Logistic function
A technique for fitting a regression is logistic regression. ,

Y = f(6)
fle) =

-G
1+e (D)
B EA+B.r B e|:A+B.r}E—|:A+B.r}

f[-’-’] - 14 gA+B, x - [l+E-:A+5-x}]e—{A+5-x}

1
flx) = [1+e @59 .. (2)

Where:  A. coefficient of determination B. slope of the regression [ Greene, W.
H. (2012)]

3.2 The Multinomial Logistic Model:
To obtain the logistic model from the multinomial logistic model, consider the following
linear relationship: Baltas and Doyle(2001), Darroch and Ratcliff (1972) & [Schafer J.L.
(2006)]
G=A+B,x,+ B,x, +--+ B, x;

1
f[x] = [1 + e—':A+B._.r._+5'=.r=+---+Bmx[}]

1
flx)= [1+ e @+ IBmxi)] 3)

We denote the probability that a binary dependent variable Y=1 (P ) in the logistic .f'L'mction
as follows:

1
[1 + (41X Bm:rl-]']
Consider the following steps for each of the m potential outcomes to arrive at the multinomial
logistic model:

P=pP(Z=1)=
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Pr(Z,=1) A+ B
n = x
Pr (Z,.=m) i
Pr(Z,=m—1)
In =A+ B, x,,
Pr (z; = m)
4)
“If we exponentiation both sides, and solve for the probabilities”, we get:
Pr(Z. =1) = Pr(Z. = m)e?*5%i
Pr(Z, =m— 1) = Pr(Z, = m)e*™fm-1*i
1=1+ g4 Em*i Pr(Z = m)
>
1
Pr(Z=m) = _
1+ 25 et mT o | )
This will help us determine the other probability:
PRS- e
Priz,=1) =7 T Em L eAtEme
or(z — 2 — eA+Bx;
r(z, =2) = ¥ Smsieattnm
oA+ Bma;
PriZ,=m) = — —
14+ E:l:n 1 eA+Bm ' (6)

3.3Model Fitting Information

3.3.1The Maximum Likelihood Estimators: the (MLR) analysis used to obtain the
maximum likelihood estimate of (it estimated by the Newton-Raphson iteration method or
by estimation method of Fisher-Scoring iteration because both methods have the same result.
Given a sequence of n data point (Carpenter, 2008)

D = (x;¢;)jcn Withx; € R% and ¢; €{0,...,m —1}

(7)
Assuming that the stochastic part e of the utility function is distributed with a double
exponential distribution, the likelihood of observing actual choices, given input vector x and
model parameter vector B, can be expressed by

L(¥Y|x, B) = npcmlx A,B) = l_[[ exp (A+ B x:) ]

i=n 1 +E”‘1f =x—1 =P [B:ln"x :] (8)

In a model with a parameter matrixf3, the data's log likelihood is
]ﬁ% “:Bj = 1DgP(D |Bj = Eﬂg ]-_[i{?z P(]‘?‘ll_‘)‘:i,ﬂ, B)
= Yicnlog p(m|x, A B)

exp (4 By, .xp)

1+E 0 g exp (AE o)

= E:‘:’-n Iﬂg

“The maximum likelihood (ML) estimate [Bis the value of B maximizing the likelihood of the

B, = argmaxlogl(B) = argmax logP(D|C)
.. (9)

_____ .. (10)
Iog L(B) = Z 25 EogP[:—n|xE,A.B)

i=n

We can do gradient descent on B
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The discrepancy between both the outcome and the model prediction is the residual for
training

3.3.2 Likelihood Ratio Test:
Is used whether coefficients for predictor factors are statistically significant overall under beta

for the model's covariates equal zero.
(s). Karl (2016), Osibanjo ( 2015) and Barznji (2018)

Likelihood without the var:’ab!e] B ( L atH, )
likelihood with the variable B "\Lat MLE(s)

When n is big, LR ~x* has a degree of freedom equals the number of parameter estimates.
Note: Likelihood ratio test is assumed as a method to Alternative to Wald test

LR =-2In

3.4 Model Fitting Criteria Estimation Fit

The likelihood value, which is sums of squares values used to the fundamental indicator
estimation technique fits data. With a value of -2 times the log of the likelihood (-2LL), often
known, L.R measures model estimation fits the data. Since likelihood = 1 and -2LL = 0, the
minimal value of -2LL is 0, which amounts to a great combination. So, the higher the quality
fit, the lower the -2LL number. The -2LL value can be used to compute measurements similar
to the R2 measures in multiple regressions or to examine the change in fit between two
equations.

3.4.1Akaike Information Criterion (AIC):

—2InL(M ) + 2p ... (14)
N Where
p is the model's parameter
L denotes “the maximum likelihood” of the model L(M,). It is thought that a model fits more
accurately if its AIC is less.
3.4.2Bayesian Information Criterion (BIC)

AlIC =
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established straightforward and precise, is a third measure of fit, particularly if there are
roughly 40 observations (Raftery, 1995). This is how BIC is described:

BIC, = D(M,)— df,LnN

(15)
“Where: D(M,) is the deviance of the model My,
dfy.is the degrees of freedom for deviance”
3. 5Goodness-of-Fit ~ Fagerland Morten W 1, David W Hosmer, Anna M Bofin(2008)
There are two techniques to evaluate a multinomial logistic regression model's goodness-of-fit
to Examining model-estimating fit is one method, while evaluating predicted accuracy is
another “like the classification matrix in discriminate analysis”. Although the two methods
analyze model fit from different angles, they produce comparable outcomes
3. 5.1 Chi-Square Pearson goodness of fit
A goodness of fit test may be used:

N

x*= Z(D" — E,)* /E,
i=1 (16)
Where:
X*= Pearson's cumulative test statistic, which asymptotically approaches a Chi-square
distribution.
0, = The observations.
N = Total of observations
E,E; = The expected (theoretical) count  David, Paul &Richard (2007)& Pearson,
K. (1900)
3.5.2 Deviance Goodness of Fit
It measured as follows:
D(M,) = 2 By By S(v, = Nlog 22 - (17)
Where ﬁ”— is a predicted value fori = 1.2.3. ....n[Isaac O. Ajaol; Adebisi A. Ogunde(2017)]
[ Hosmer D.W. and S. Lemeshow (1980)].
3.6 Pseudo R2
3.6.1 McFadden’s adjusted R2
The McFadden‘s adjusted R?measure, compares a full model with all parameters (Cgy; ) the
model contains onlv intercept (C ........p.: ) and defined as:
In E[Cf““) — K
N uE(C

o
R;‘H’cF -

iiite:'cept)

... (18)
K: The number of parameters [D. Mcfadden. (1974) ]

3.6.2 Cox and Snell Pseudo R2

The calculation of the percentage of variation decreased including additional variables in
forms the basis of an alternate goodness.

The equation as follows:

L(0) T

L(&) (19)
“Where L(B) is the likelihood of the current is model; L(0) is the likelihood of the initial
model Cox, D.R. & Snell, E.J. (1989)
3.6.3 Nagelkerke Paseudo R2
The Nagelkerke measure adjusts the C and S measure

R;E:I'CF =1- |:
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-
Z R’E‘S

e
max(RZ,) " 20)

Where max(R%.) = 1—{l(0)} [ Bo Hu, Jun Shao and Mari Palta (2006)]

3.7 Parameter Estimates

It is a subfield of statistics where the estimation of a distribution's parameters is done using

sample data.

3.7.1 Odds and Odds Ratio (Exp (B))

-Odds

The algebraic expression of the linear regression expression is identical to the possibility that

a case corresponds to the predictor variables This demonstrates connecting. Due to its range

between zero and infinity, the logit provides an adequate criterion on is readily.

-Odds ratios(OR): Can be understood as the impact of changing X by one unit on the odds

ratio that would result from holding the other model variables unchanged. An independent

continuous variable's odds ratio is given by the following formula:

oL ]
F A ol ]

odd=s ratic =

FLO
L — 0 B
(121)
{ Plx+d) gA+Blx+1) gA+Bx+1)
OR = oddsixtl) _ aPle+sll _ s, pA+B4L) L _ g4 +E =gF
odds(x) lr S } eA+E(x] 2A+E[x) A
\1—Px)e s+ cA+Bx) n

A+E
InOR = In"— = & = odds ratio
g

(22)

“The regression coefficient (E) in the population model is the log (OR)”
3.7.2 Standard error

SE=—

Vi

3.7.3Wald statistic or the Z-test Criterion: Hauck Jr, W. W., & Donner, A. (1977).

The Wald test compares an estimated B with an assumed A value. The estimated B was
discovered as the maximum argument of the unconstrained probability function. In
specifically, the curvature of the log-likelihood function weighs the squared difference

B — A.Test on a single (individual)
(B-A)?
W= vars

... (23)

3.8 The Classification table allows the standardization process to identify and classify key
words by providing: Standard abbreviations for each word;

classification table of the multinomial logistic regression model. The predicted categories
(columns) have been calculated using the fixed part of the model. The values, except for
the number of sample plots, are row percent's. The overall classification efficiency is
60.8%

The classification table shows the practical results of using the multinomial logistic
regression model. For each case, the predicted response category is chosen by selecting the
category with the highest model-predicted probability. Cells on the diagonal are correct
predictions. it is another way to predict accuracy

4.Practical Aspect
4.1Summery about Kurdistan and Chemical Attack
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Greater Kurdistan locations in the western Asia ,it is a land of the Kurdish nationalist,

Kurdistan indelibly consists four regions® Northern Kurdistan in Turkey, Southern
Kurdistan  Iraq , Eastern Kurdistan in Iran, Western Kurdistan in Syria and another
locations like ,Armenian and Azerbaijan ”Kurdistan Region (Southern Kurdistan)[ Kaya,
Z... (2020)] first acquired autonomous situation in a 1970.
In the modern times, the Battle of 1915 is the first battle zone most notorious for Nazis
chemical gas use, they used (chlorine gas), where 6000 soldiers were killed. After the First
World War more sophisticated chemical agents such as, Mustard gas were developed the
Italian army against Ethiopia during the 1936-1937 and used in China by Japanese armed
forces during the Second World War. It seems that parties of war continuously disregarded
international laws and regulations, which were in place as far back as 1675. Even though
new treaties such as Geneva Convention took place in 1925 prohibiting the use of chemical
gases years later, Before the Iran-Irag War, Iragq had a sizable chemical assault program
that dated back to the 1960s. On June 28, 1987, Iraqi aircraft on Sardasht, and piranshar a
cities in Iranian Kurdistan (Eastern Kurdistan) Namo Kurdistani (2018), dropped
chemical weapons. For the first time in human history, Iran-lrag War: Chemical weapons
were deployed by Irag against Iranian soldiers, targeting a city full of civilians with gas
attacks. Along with aerial bombs, artillery, rocket launchers, tactical rockets, glider
sprayers, and missile launchers, it also used chemical weapons against its own Kurdish
people. In 1987-1988, he used 40 Kurdish villages as testing sites for chemical strikes on
thousands of innocent civilians. On March 16, 1988, the worst of these attacks wreaked
havoc on the city of Halabja, leaving more than 5000 people dead and 10,000 injured
[(Hiltermann, J. R. (2007)].. The first international medical mission to visit Halabja,
[Medecins Sans Frontieres] (MSF), sent a Belgian-Dutch team that confirmed the use of
mustard gas and perhaps cyanide. In all of Kurdistan, between 50,000 and 100,000 people
are believed to have died, according to Human Rights Watch/Middle East. Organic
phosphorous nerve gases that attack the eyes and respiratory systems include sarin, tabun,
and VX. The nose, throat, and lungs' mucous membranes are all affected by mustard gas, a
blistering chemical.[ Amire Qadr. (2015)]According to medical, genetic reports, chemical
gas affect chromosomes change it to abnormality which damage the romosomes causes
mutation to know the seriousness of these diseases are transmitted through the genes to
future generations, [Paul A. D’Agostino ( 2008)]
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Figure 3: Chemical Attack areas in Southern Kurdistan Dr.Haddad,H.Y,(2009)]
In this figure, the red areas are the chemically bombed areas of South Kurdistan (Kurdistan

Region)

4.2 Description of the Data
4.2 .1Data collection methods

This study included the sample of size (500) patients has chosen by random sampling

which was obtained from several sources

1-list of patients, which are recorded by ministry of Martyr and Anfal. .

2-List of Questionnaire.

3-Taking information from the records of some doctors who specialize in [Abortion,
Infertility and Psychological diseases] in the areas of chemical attack.

Table (1) Percentage of the Members Presented during a Chemical Attack and data about

number of patients by Chemical Attack regions

Percentage of the Members presented during a Chemical Percent
Attack 86.1%
Region Locations Number of patients
Southern Kurdistan Duhok 50
Erbil 100
Sulaimania 115
Karkuk 55
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Halabja 150
Eastern Kurdistan Sardasht and piran shar 30
Total 500

This table shows patients sample in this paper, (Number of patients with their locations
whom infected by chemical gas in Southern Kurdistan and Eastern Kurdistan contain 500
cases
4.3 Description of the variables
Table (2) Shows description of the variables

The Response (Dependent) Variable
Y Levels of the effect of chemical gas on the survivors of the
chemical attack on Kurdistan [levels of the percentages of the
risk chemical gas (10.28-0.48), (0.49-0.69) and(0.70-0.90)]
The predictor variables (Independent variables)

X1 Gender

Xz Miscarriage Disease

X3 Infertility Disease

Xa Psychological Disease
Xs Transmission of Disease
Xs Blood Group

This table defines the types of variables
The upper part of the table symbol(Y) represents the response variables or (non-
independent variables).
The lower part of the table shows the six independent variables| Xi =Gender, X
=Miscarriage Disease,
Xs= Infertility Disease, X4=Psychological Disease, Xs=Transmission of Disease, Xs =Blood
Group]
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Table (3) Descriptive Statistical Analysis for the Response Variable and the predictor

(Independent) Variable

Levels of the Variables
ercentages . -
gf the ris?< Y= predictor variables
chemical gas Response Xz=Miscarriage | Xs=Infertility X4=Psychological
Variable 88.4% 61.0% diseases
20.7%
0.28-0.48 13.6 % 11.6% 13.2% 20. 4%
0.49-0.69 36.4% 40.0% 39.0% 25.0%
0.70-0.90 50 % 48.4% 47.8% 54.6%
Total 100% 100.0% 100.0% 100.0%
X1 :Gender Types Xs :
Hereditability of
diseases
female 61.8% Yes 85.0%
male 38.2% No 15.0%
Total 100.0 Total 100.0%
Blood groups
A- 7.2%
A+ 23.4%
AB- 2.0%
AB+ 5.4%
B- 0.8%
B+ 7.45
O- 1.2%
O+ 52.6%
Total 100.05

This table contains the analyses of the Response Variable levels percentages of the effect of the
chemical gas on the body of the survivors of the chemical attack on Kurdistan and the predictor
variables percentages of diseases X,= Miscarriage, Xs=Infertility and Xs=Psychological
diseases as results of the chemical attack as follows:
First: in the response variable levels results the largest percentage is (50%) at the level [0.70-
0.90], followed by is (36.4%) at the level [0.49-0.69], and (13.6 %) percentage at the level
[0.28-0.48].
Second: by the results of predictor variables X, = Miscarriage, has the largest percentage
(88.4%) followed by Xs=Infertility has the 61.0% percentage and Psychological diseases
has the smallest percentage 20.7%.
Third: all disease has the largest percentages at the level of (0.70-0.90) followed (0.49 -
0.69) then (0.28-0.48) has a smallest percentage.
Fourth: the X, = Gender with ,Xs= the Hereditability of diseases in the patients, the female
patients has (61.8% ) which it is the largest percentage  of Gender )but in the
Hereditability of diseases is (85.0%) of families has genetic and the finally predictor
variables percentage of blood groups of the chemical attack patients shows blood groups
[(O™) has largest percentage (52.6 )followed by the percentage of the (A" ) has( 23.4)the
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lowest percentage is in( B )with (0.8%) it refers persons with (O*)blood groups more
affected by all chemical gas.

4.5 Advanced Statistical Analysis: Multinomial Logistic Regression (MLR)
4.5.1Model Fitting Information

Table (4) shows the model fitting information

Model Fitting Information

Model Model Fitting Criteria Likelihood Ratio Tests
AIC BIC -2 Log Chi-Square | df Sig.
Likelihood (P- value)
Intercept Only 303.593 312.022 299.593
Final 309.338 385.201 273.338 26.254 16 0.011

This table : shows both methods of (AIC) model fitting criteria for intercept only(the null
model) is (303.593) and the AIC for final model is ( 309.338) but the model fitting criteria
by Bayesian Information (BIC) for Intercept only ( the null model) (312.022)and BIC for
final model is (385.201) they the which it refer to final model by (AIC) . tests for Intercept
Only is (299.593) and for final model is( 273.338) . Since, the smaller the value is the better
fit. We see model fit is significant x* (15)= 26.254, has [P-value =0.011< 0.05], which
indicates that our full model predicts significantly better, or more accurately, than the null
model indicating a good model fit confirm to the effect of chemical gas to get all
three disease

4.5.2Goodness-of-Fit

Table (5) Methods of Goodness-of-Fit

Chi-Square df Sig.
Pearson 102.151 94 0.266
Deviance 117.480 94 0.077

This table: represents the further evidence Goodness-of-Fit test by both methods the
Pearson Chi-Square (102.151) with [P-value =0.266> 0.05] and Deviance Chi-Square
(117.480) with [P-value =0.077> 0.05 ] interpret lack of significance it refer to good fit.
4.5.3Pseudo R2 Measures
Table (6) Pseudo R? Measures
| Cox and Snell | 0812 |

This table: shows Pseudo R-Square “it is the proportions of variations n the
dependent variable explained by the independent variables 81.2% according to
Cox &Snell R? value, R-square statistic is best type”(it refers to the effect of
chemical gas caused to 81.2% of all diseases )
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4.5.4Parameter Estimation
Table(7) shows Parameter Estimates (an iterative MLE method)

B Exp (B)
coefficients for the Sig. odds ratios
Y Imodels Std. Error |[Wald test| (p-value) | (OR)
0.49 - 0.69 Intercept 3.518 1.317 7.140 0.008 1.800
X,= Gender -1.287 0.592 -2.17 0.030 0.276
Xs=Transmission of disease }-0.0.95 0.433 4.768 0.029 0.909
Xo= Miscarriage disease 0.517 0.011 -3.06 0.000 1.676
X3 =Infertility disease
(female) -0.552 0.492 1.874 0.012 0.576
(male) 0.1793 0.317 0.870 0.572 1.196
Xs=Psychological disease
(female) 0.188 0.094 2.00 0.045 1.206
(male) -1.754 0.181 -9.72 0.000 0.173
0.70-0.90 Intercept 0.562 0.202 2.77 0.006
X1= Gender -0.011 0.006 -1.78 0.075 0.989
Xs= Transmission of disease | 0.496 0.193 2.56 0.010 1.643
Xo= Miscarriage disease 0.942 0.225 4.18 0.000 2.565
X3 =Infertility disease
(female) 0.661 0.216 -3.06 0.002 0.516
(male) -0.283 0.040 -0.71 0.477 0.754
Xs=Psychological disease
(female) 0.975 0.236 4.12 0.000 2.650
(male) 0.588 0.228 0.338 0.010 1.800

An important feature of the multinomial logit model is that it estimates k-1 models,
where k is Based on the results obtained in this table, the response variable has three
levels so it estimates two models, and by Sig. (p-value) it can be shown that in level
(0.49 - 0.69) there is one predictor variable X; =Infertility disease (male) is not
significant, It means all predictor affected by chemical gas except Infertility disease in
male .but in in level (0.70 - 0.90), X3 =Infertility disease (male) and Xi(gender) are
not significant, It means all predictor affected by chemical gas except Infertility
disease in male, and X1(gender)

The odds ratio or [ Exp(B) ] of a coefficient indicates how much the risk of the chemical
gas. An odds ratio > 1 indicates that the risk increases in level (0.49 - 0.69) like [Xo=
Miscarriage disease= 1.676, X4=Psychological disease (female)= 1. 206, X; =Infertility
disease(male)= 1.196] but in level (0.70 - 0.90). X4=Psychological disease (female)= 2.650,
Xo= Miscarriage disease=2.565 , Xs= transmission of disease=1.643

The prediction equation with significant factors can be written are:

For level (0.49- 0.69) the prediction equation is:

y'=Log (odds) = 3.518-1.287 (gender) -0.095 (Transmission of disease) + 0.517
(Miscarriage disease) -0.552

(Infertility disease(female)) + 0.188 (Psychological disease (female))- 1.754
Psychological disease (male)

For level (0.70- 0.90) the prediction equation is:

¥ = Log (odds) = 0.562 -0.496 (Transmission of disease) + 0.942 (Miscarriage disease)
-0.661 (Infertility disease(female) + 0.975 (Psychological disease (female))-0.588
(Psychological disease female)-
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As with any regression, the positive coefficients indicate a positive relationship with the
dependent variable. It means This means that chemical gases are very effective for
infection:
Miscarriage disease and Infertility disease (male) and Psychological disease (female) at
level(0.49- 0.69)
However, transmission of disease, miscarriage disease and infertility disease(female)
and Psychological disease (female) and (male)at level (0.70- 0.90)

4.5.5Classification
Table (8) Classification

| Classification
Observed Predicted
0.28-0.48 0.49-0.69 0.70-0.90 Percent Correct
0.28-0.38 0 9 59 0.0%
0.49-0.69 0 27 155 74.8%
0.70-0.90 0 29 221 88.4%
Overall Percentage 0.0% 73.0% 87.0% 79.6%

This table shows the value of the accuracy the results used to emphasize which level
has a best predicted by the model. Where the first level (0.70-0.90) correctly predicted
by the model with (88.4%) the second level (0.49-0.69) correctly predicted by the
model with (74.8%) and the third level (0.28-0.48) correctly predicted by the model
with (0.0%) but the Overall Percentage correctly predicted by the model with79.6% it is
a good prediction to the effect of chemical gas
5.1 Conclusions
After applying the multinomial logistic regression model on the sample of size (500)
patients of chemical attack in (Southern Kurdistan and Eastern Kurdistan) this sample
was chosen by stratify random sampling which were recorded by the Ministry of
Martyr and Anfal in Kurdistan and several other sources. Our focus is on Miscarriage,
Infertility and Psychological diseases. We noted some of the patients having more than
one disease. The conclusions reached are as follows:
The conclusions reached are as follows:
--The proportion of people who were presented at the time of the chemical attacks were
(86.1%).
--The proportion of (female 61.8%) and (male 38.2%)
--The proportion of (Miscarriage 88.4%) s (Infertility 61.0%) and (Psychological
diseases
(20.7%)
--all disease in the level of (0.70-0.90) has the largest percentage followed (0.49 -0.69)
then
(0.28-0.48) has a lowest percentage
--In blood group (O* with percentage 52.6%) has largest percentage, followed by (A*
with23.4%), but the lowest percentage was (B~ with 0.8%) so this refers people with
(O™ blood groups were more affected by the chemical gas.
-Model Fitting Information (AIC), (BIC), and Likelihood Ratio Chi-Square test, the
Full Model (containing all the predictors)has a significant improvement fit over the
Null Model by y? (16)= 26.254, has [P-value =0.011< 0.05 ] it emphasizes the existence
of the effect of chemical gas on every explanatory variables.
--Goodness-of-Fit test the Pearson Chi-Square with [P-value =0.266> 0.05] and and
Deviance Chi-Square [P-value =.077> 0.05] which interpret lack of significance, which
refers to a good fit, it refers to the previous explanation to the effect chemical gas on
causing diseases.
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--Pseudo R-Square 81.2% according to Cox &Snell R? value, R-square statistic is best
type” (it refers to the effect of chemical gas caused to 81.2% of all diseases)
--Parameter estimation. by Sig. (p-value) all predictor variables affected by chemical
gas except Infertility disease in male but in in level (0.70 - 0.90) Xs =Infertility
disease (male) and Xi(gender) are not significant, It means all predictor affected by
chemical gas except Infertility disease in male, and (gender).and by the odds ratio or [
Exp(B) ] the risk increases in level (0.49 - 0.69) for [X,= Miscarriage disease and
Xa=Psychological disease (female, Xz =Infertility disease(male)= 1.196] but in level (0.70 -
0.90). X4=Psychological disease (female), X,= Miscarriage disease, Xs= transmission of
disease. The final formulated model for both levels contains the significant predictor
variables as with any regression, the positive coefficients indicate a positive
relationship with the dependent variable. It means This means that chemical gases are
very effective for infection: Miscarriage disease and Infertility disease (male) and
psychological disease (female) at level (0.49- 0.69)

However, transmission of disease, miscarriage disease and infertility disease(female)
and psychological disease (female) and (male)at level (0.70- 0.90)

-Classification The highest classification opportunity that classifies the level (0.70-
0.90) correctly predicted by the model in (MLR) is (88.4%) with finally correct
prediction for model by overall percent of testing (79.6%).

6. Recommendations
1- We recommend the opening of a hospital for the treatment of patients afflicted by chemical attack in
Kurdistan.
2- More research needs to be done on other diseases that are affected by chemical gas of chemical
attacks.
3- Kurdistan Regional Government should start collecting many various data regarding the chemical
attacks done on Kurdistan, due to the lack of proper data available now.
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Mass martyrs' cemetery contains 1500 martyrs
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Halabja chemical attack

Martyr (Omar Khawar) and his baby in Halabja
chemical attack
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The martyrs of the chemlcal attack were martyred en masse on the road
between Halabja and Iran
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