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sl die ol b ) i (X5) isiall i Alla o(Xa) putl Slen o(Xa) Blisll Aal Ladtsaly (ns) slad) e ¢(X2) sanll ¢(X1) (inl
(X7) sslaall dalses ¢(Xs)

Variable Numbe %
Deaths per week (mean) (V) 7.73 --
Gender (X1)
Female (Ref.) 235 32.0
Male 499 68.0

Age (years) (X2)

<15 (Ref.) 8 11
15-30 6 0.8
30-45 51 6.9
45 - 60 224 30.5
60-75 323 44.0

>=75 122 16.6

Stay in Hospital in days (mean) (Xs) 6.70 --
Respirator used (X4)

Not used (Ref.) 410 55.8

Bipap 115 15.7

Cipap 209 285

Travel case (Xs)
Not traveling (Ref.) 728 99.2
Travel 6 0.8

% of Oxygen in the Blood (mean) (Xe)

Chronic disease (X7)

Not suffering (ref.) 48 6.5
Diabetes 178 24.2

Heart Failure 38 5.2
Stroke 38 5.2

Heart Attack 44 6.0
High blood pressure 54 7.4
Asthma 48 6.5

More than one disease 218 29.7
Other diseases 68 9.3

SPSS-27 gabill cila A ; sl

fep Gl 3 b A )

Yi=0,1,...,15 : a Lwidl ad o aladl ae i=1,2,...,95 5j=1,2,3,4 o Gus (i) goad) PA (j) bty anall wligl 2k (Yi) @
el adie 3 (82) I goan) Dla cilias 3lis (15) 5o sl se 1 o i) cjghil Gum

Can catlhy Aady adiad) alsis M adiadlls gl el ol sae 2 (X3) @

ass (57) iy +latd) padiinny i€ agiall olad 5ae Jobal of 08 G X5=0,1, 2...,57
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i 60-45 i 45-30 i 30-15 i 15 e ral) Clsindl dgiall jee : (X2)
(A3 75 o0 ST i 75-60

(Cipap Jles <bipap Sl Slea 0s) (sl (o pasiuall Gaiiil) Slea 1 (Xa)
(el o 388 ey ) (il i Hls £ (X5)
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(@Al comm g STl aall laaa Uiyl clf ddals iz los dlals il e
(1an, Gseagll calysiall Ga (K-1) a3e iyt (Ko aild (K) esil) el ciligioss 33e OIS 13 4l g puall (o 4l caatgll aiiall Cipad il
1Y) il e (Long, 1997) <1999)

i) i
1 if thedead is male
xl =
0 if thedeadis female
tAaby ki (5) Gl peize L (6) b kel 138 Clgiase dae  penll yiie
1 if the age between (15-30)
X22 =
otherwise
if the age between (30-45)
X23 =
otherwise
if the age between (45-60)
X24 =
otherwise
if the age between (60-75)
X25 =
otherwise
if theageis =75
X26 =
0 otherwise
oL 2 laa) mad astien I (Ref.) panpall uxial) () djenll 234 Jiaig
1 if theageis <15
X21 =
0 otherwise
tomety Gpiie ) acdine Jalb (3) < Jstial) 138 ciligive 23 :(.A’Jld\ A8 e addioal) il jlga yaitia
1 if the dead takes bipap device
Xa2 =
0 otherwise
1 if the dead takes cipap device
X43 =
0 otherwise
oL A5 aal) mad pasien (53 (Ref.) amall Laiall Js¥) (gl Siass
1 if the dead did not takes any device
X41 =
0 otherwise

el Al e
{1 if the dead was traveling
Xg =

0 if the dead was not traveling

Hanss Sl (8) ) pedies U (9) (b kil s Sligicns s 1 il Jalge yila
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1 if the dead had diabetes
X72 =

0 otherwise

1 if the dead heart failure
X73 =

otherwise

1 if the dead had a stroke

X74 =
otherwise

1 if the dead had heart attack

X75 =
otherwise

1 if the dead had high blood pressure

X76 =
otherwise

1 if the dead had asthma
X77 =

0 otherwise

1 if the dead had more than disease
X78 =

otherwise

1 if the dead had other diseases
X79 =

0 otherwise

oL 3 laa mad aasien 3 (Ref.) aniall Juxiall Js¥) (ggiend) Jinss

1 if the dead did not have a chronic disease

X71 =

0 otherwise
sl dad O guilgs ait Lad) 2-3
ol e pat L Lyl aball aaall dumt o8 adde alal) Juxiall Goulss gy JLEa) (8 eSS pasell Oosmlr Jlandl zisal eliy b gV 55kl
okial ey Wl o el DA e s Aloul) Gpum i) Laig < ypualsy qish et Lig psS iy 20

Ho: The number of deaths follows a Poisson distribution
Hi: The number of deaths does not follow a Poisson distribution

1 G o) il sae Jausie DA e aysil dalea i w3

sl JLas) Gaglladll adle
e~771579(7 71579)V

P(y) = i ;¥ =012,..,15
t V1 Jsaall 8 LS il LasVl 13 il cdallaall sasad (68 mope JLas) Tl Ll ¢ pimpall 13gd ol lis) 52 ollia
sl 328 gulss st Ailaa B35l (4IS mpe sl 1(2) Jsaad

Deaths Observed Freq. Poisson Prab. Expected Freq. Chi-Sq.

<=3 6 0.051277 48713 0.26150

4 4 0.065824 6.2533 0.81195

5 5 0.101577 9.6498 2.24055

6 13 0.130625 12.4093 0.02811

7 16 0.143982 13.6783 0.39409

8 14 0.138867 13.1923 0.04945
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9 16 0.119052 11.3099 1.94493

10 7 0.091858 8.7265 0.34158

11 4 0.064432 6.1211 0.73499

12 7 0.041429 3.9357 2.38575

>=13 3 0.051078 4.8524 0.70716

Sum 95 1.000000 95 9.90005
bl cla A ,0aaliChi-Sg=9.90005  P-Value=0.359 Minitab-17

s gl sae o ieas caaell Baasd Job i Lea (%5) e ST 85 (0.359) cialy (6IS ape LAY Ldlaa¥) daidl) o sdlel il (e i
LOpals aiss Talaie) dygpaunall dadgial) sty ddedl) Sl G qulEl 1(1) JSEN ekas (7.71579) dabeall (sulss aist

Observed and Expected (Polsson) Values

LT

No. of Boad "

Minitab-17 gl Cla jia : jaaall
rolibal) @iligive 1aa3 3-3
e 56 S (gl Ll Uiy 5 elug iy g ciian (A mull (it 58 AT aas (el (g5 ool Bale ity bl I (g5l
il 5l o aisn il AT e ccbiiiaal e L) Galy gl paias Alglina) aaagil) chriall paen of Bl ccbidiad) oo
(halll) Jsmall 53 cared) Gomlss Sanil zgal slesia) ) Lags 130 AT ) ddiinn e iy o Cigen (lidll aae) i) il 3 Aamacagill
JS0 gl sae Lacssie e aaid) of Cum Al Adlpdal) allid) 53 asel) Cpdsy lan) zigal Jon Taate Slaa¥l (sS oly Aekiad
sl cllacsio cpn Gaoil) AN e ¥ bl st ehal DA (e Laajell 3kl (e il 138 aladind 20l<e) (s llee Faal pises G i
cgmmlall gl e ) o bl e by B lbal) sae o el Lo bl Ll

) Chadivall e gl U )< by by e illavsia 3(3) Jsaal)

Lugpd shdiadl
7y =237 lour ol
7, = 3.65 Sl
73 = 3.60 B
Vo =221 olal) Juaal
y =294 sy

SPSS-27 galisall cila A jiaall
Sl Cuua Glisll Gllawsial colall Jdas Jeas 1(4) Jaall

Source of variation Sum of Squares Df Mean Square F P-Value
Between Grg 113.081 3 37.694 10.281 .000
Within Grg 901.895 246 3.666
Tl 1014.976 249

SPSS-27 galisall cila A 1 jiaall
O Adlas) AN 3 oy asmg ey Las (%5) Aosinal) (s o JB) € HLaadU AdlaaY) dedl) o cplall sl gas s e Laadl
Algiall bl 3 pael) Cpmlss a7 3t (e e Al 638 s 5y bl Ll ilidsl cllausgia
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tud) Ogulsy il g dsall clabaa s 4-3

t VIS5 (5) saadl b LS gl il ddlgdiall whaliall il guddsy lanil zilas ks o5 ALalSH alae Y1 GISeY) inyha plasiuly
Ganl) il Alsital) wlaliall 3 agel) (osalsy and) z3las i i 1(5) Jsaadl

ICC =

Variable Parameter Coefficient Standard Er. t Exp(coef.) P-Value

Intercept Yoo 1.948 0.9141 2.131 7.018 0.034
X1 By 0.038 0.0837 0.452"* 1.039 0.652
X22 By -0.295 0.2772 -1.065"* 0.744 0.288
X23 Bas -0.520 0.3010 -1.727" 0.595 0.086
X24 Boa 0.015 0.2911 0.051"° 1.015 0.960
X5 Bas 0.541 0.2638 2.051" 1.718 0.041
X26 Bas 0.877 0.3264 2.688"™ 2.404 0.008
X3 Bs 0.005 0.0022 2.278" 1.005 0.024
Xa2 Biz -0.031 0.1316 -0.238"¢ 0.969 0.812
Xa3 Baz 0.013 0.0928 0.144" 1.013 0.886
Xs Bs -0.027 0.4184 -0.064"* 0.973 0.949
Xs Be -1.452 0.8429 -1.722" 0.234 0.046
X72 B2 0.050 0.1483 0.377"* 1.051 0.736
X73 B3 -0.085 0.2055 -0.414"s 0.918 0.679
X74 Bra -0.112 0.2318 -0.485"* 0.894 0.628
X75 B7s -0.099 0.1969 -0.501"* 0.906 0.617
X76 B¢ -0.098 0.2027 -0.482"* 0.907 0.630
X77 B77 0.365 0.1890 1.931" 1.002 0.043
X78 Bog 0.299 0.1396 2.143" 0.965 0.034
X79 B9 -0.088 0.2053 -0.427" 0.916 0.670

Residual Effect: u;; = 0.9

Random Effect: uy; = 0.1

Intercept (groupl) a; = -0.]

Intercept (group2) a,;= 0.2

Intercept (group3) as(;= 0.2

Intercept (group4) a, ;= -0.2

**: significant at ]

**: significant at §

n.s : not significi

SPSS-27 gkl all cila s : jiaaaall
t VIS (biiiaall) Sl o LYY delee Glas (Ka 4l 225 (5) Jsaadl i G
Upj 0.066

Upj +u;;  0.066 + 0.133

=33%
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@; = 1.948 + 0.066 = 2.014
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Application of Poisson's Hierarchical Regression Model to the Deaths of Covid-19 in Mosul
City Hospitals

Mahmood Ahmad Mohamad Al-Taae Ban Ghanim Omar Al-Ani

Department of Informatics & Statistic, College of Computer Science and Mathematics, University of Mosul, Mosul, Iraq

Abstract: This research deals with the study of the partial hierarchical Poisson regression model (with a random
intercept), where this model is one of the most important models widely applied in analyzing data that is characterized
by the fact that the observations take a hierarchical form. Where it the full maximum likelihood (FML) method is used
to estimate the model parameters. The model was applied to the covid-9 deaths in Mosul city, were recorded during the
period (1/1/202 - 1/9/2021), where four major hospitals in the city were selected to represent the group of second level
of data (Ibn Sina Hospital, Al Salam Hospital, Shifa Hospital, General Mosul Hospital).

The research found the adequate of the model for this type of data, as it was found that there are some factors that
contribute to the increase in the number of deaths in the epidemic, such as the advanced age of the patient, the length of
stay in the hospital, the percentage of oxygen in the patient's blood, in addition to the incidence of some chronic
diseases such as asthma. The study recommended a more in-depth study of other types of these models, and the use of
other estimation methods, in addition to paying attention to the methods of data recording by the city health department.

Keywords: hierarchical Poisson regression model with random intercept, full maximum likelihood method, intraclass
correlation coefficient, fixed and random effects
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