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Estimating The Mortality Rate Using Cox Regression
Model
(Applied Study)
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Abstract:

Survival analysis is strongly correlated with mortality rates, it provides a
set of statistical modeling tools for estimating the blended impact from
multiple factors on mortality. Among the key models utilized in survival
analysis is the Cox regression model, it is a multivariable model used to
analyze the effect of different risk factors on the time to an event. The risk
factors (named covariates) used by Cox model are age, income or coverage as
continuous variables or gender, smoker status or marital status as categorical
variables. This research aims to use the Cox regression model to determine the
mortality rate based on a set of specified risk factors such as age, gender,
marital status, residence, income, retirement, coverage and Education level.
The data used are data on life insurance policyholders from 2000-2018 by
Egyptian life insurance companies, the data used consists of factors that affect
the policyholder’s survival time (already mentioned). The research found that
the variables age (X)), marital status (X3), place of residence (X4), and
education level (X¢) were statistically significant. The final Cox regression
model was obtained based on these significant variables and used to estimate
the mortality rates.

Keywords: Mortality rate, Survival analysis, Cox regression model, Life
Insurance, Risk Factors.
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13




Signif. codes: 0 ‘***” 0.001 ‘**’ 0.01 “*’ 0.05 *.” 0.1 “ ' 1
oo Jil ag (p < 26-16) ot X panll il (Pr(>[z])) 2dlaaY) Lol
59 siee b Al el o i s €0.05 (significance level) AVa (gsine
Ll el e dug8 Alas) ANV
0.05 (e 1 25 0.1311 (gl X, gsid) aial (Pr(>]z])) Al daill
) il e ddlas) V2 03 (gyiee il Al Gl uaad) 13 o e e
<25 3.49e-05 (gslss X dnelaa¥) dllall yuial (Pr(>[z])) ddlaay! ol
o Ailas] ANY 55 (giee Ll A il 13 o i Lee <0.001 e 8
Ll )
oo i 25 0.0143 (gslsiy Xy e8] Jae yuial (Pr(>]z])) adlain¥) dal
@bl Juad) o dglaas) AV 93 (geine il 4l gl s L, 0.05
ballice S psS 8 pemal) Ol o s
e JI a5 < 26716 (gilss X5 el juad (Pr(>[z])) Lllasy) il
ol il e ddlas) AVa 53 (gpiee G 4l puial e Jully 0.001
2 1216713 gls Xg adeill (g5 xial (Pr(>[z])) Lilasy) Lol
il e ddlias] AVa 53 (giee il Al junall e L 0.001 e i
el
o Al 29 P< 26-16 (gla X; Jaall uidd (Pr(>|z])) ddlasy) deal
) il e Ailas) AVS 55 (gpiee b Al puiall 1a Jully 0.001
S 25 <0.5538 (sl Xy celill alae uiidd (Pr(>fz])) adlasy) el
o Bilas) AN 53 gy EE Al Gal und) 1 o e e <0.05 (e
bl )

il iS6S yladll Tagw Pessid

14



O Akl 7 dgaill dugiaa LA 1Y
S zigal) Al (e (3o oall Ablean) ANV laal Lald) cudls
Laa) Lif zipal) 8 Alfad) chpiid) col€ 3 L wat ¢l cids o

N VJ C_)tﬂ\ el
(4) Ju
JSS g 3gaill Auilasy) AN Las)
x? Df P-value
1410 8 <2e-16

o day die (1410) gobd S poye dad O Galaadl Jsand) (g ey
p illasy¥l ardll) 0.05 e W1 a5 (P-value<2e-16) dusice (s5icas 8
e dblias] AVa 53y (g8 Adigs &3 () z3saill o) Siady (L Ly (golos
N e s b € I palis Al il o s Las o(ggpins) Jaa
sl
i o B it 8 dygiea ,LA8) 1Ll

JS Ailan ) AVall HLEAY Wald test ally selias) PRES R DR PS

paall A Ll ol g LA o s el i) e sa o i pall b ke

(5) oo
pas Ao e J< duilaay) AIVal) jlad)
P-value x? df Al & yrial)
0.0 198.6 1 and|
0.13 2.3 1 £ il
3.5e-05 17.1 1 FPSIRF TN
0.014 6.0 1 Aa8Y) Jaa
0.0 101.1 1 a8l
7.2e-13 51.5 1 paladl) (g gisa
0.0 179.5 1 JAa

15




[ 055 | 035 | 1 [ omlal i |

cae bl e Laa¥) Al ¢ paall) chrie of ol Joaadl e oy

OS A Ll 8 ¢yl Jaee o Lilas] Iy Ll g (daally cadaill (g5t

J8 e Laajliie) €0 Ul cdiloan) Ja 53 il cpalill 4 lie of o5l
ohlatll Ll 13 b Al

Proportional Hazards Assumption 4w @ Lii)

(7) Jso>
L)) lalial) a)sid)

P-value x* df Al & prial)
0.95 0.0043 1 sl
0.47 0.533 1 £ sl
0.20 1.659 1 de Laiay) Aal)
0.56 0.348 1 4By Jaa

1.5e-13 54.618 1 a8l
0.13 2.300 1 el (5 giuua

< 2e-16 147.477 1 Jaal
2.4e-08 30.988 1 Cpalil) Adsa

o 0 el Sl 0 ol
(S5imas AeBY) Jae e laa) Alall esill ¢ jaall) @lyxiad p-value axd v/
Dbl sl as il il @b of Gl e <0.05 e ST (aabel

el
Y by <0.05 cre 8T (el alaas cdand) caclill) @ipaidd p-value ad v/
sl e paaladiad oy Al (al il pe il

16



e Gum xj u_mj (UMU\ émj ¢Jaal) mw\) g_ab.u_m Al 2ang
:u;bhs‘sgqgj\cgﬁaﬂ\c{HAB BrY
(8) ds==
OaSeS laady Basaad) uadil) mdili

coef exp(coef) se(coef) z Pr(>lz|)
age -0.025325 0.974993 0.002486 -10.187 < 2e-16 ***
marital -0.150978 0.859867 0.039248 -3.847 0.000120 ***
townsize 0.053585 1.055047 0.014676 3.651 0.000261 ***
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> baseline_hazard <- basehaz(cox_model, centered = FALSE)
> print(baseline_hazard)
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(9) Jds>
hazard time

1 0.0008589157 0.002777778
2 0.0030075613 0.005555556
3 0.0055900229 0.008333333
4 0.0068835465 0.011111111
5 0.0103362958 0.013888889
6 0.0133647653 0.016666667
7 0.0150992965 0.019444444
8 0.0159677526 0.027777778
10

11



Cumulative Baseline Hazard Function

10

8
|

0 2 4 86
|

Cumulative Baseline Hazard

Time

aé&$A§ﬂ\~gaiﬂ lﬂa(l) Jéd)
Survival Function ¢ 4l
S zisal el e survfit Al aladial el Al Gles S
> surv_function <- survfit(cox_model)
> summary(surv_function)
(10) Jyo
GUQJ\AJH Akl @Jtﬂ

time n.risk n.event survival std.err lower 95% CI upper 95% CI
1

0.00278 4129 2 0.99950 0.000356 0.998798 .0000
0.00556 4127 5 0.99824 0.000667 0.996932 0.9995
0.00833 4122 6 0.99673 0.000909 0.994947 0.9985
0.01111 4116 3 0.99597 0.001009 0.993995 0.9979
0.01389 4113 8 0.99396 0.001236 0.991535 0.9964
0.01667 4105 7 0.99219 0.001406 0.989439 0.9950
0.01944 4098 4 0.99118 0.001495 0.988257 0.9941
0.02778 4094 2 0.99068 0.001537 0.987669 0.9937
1 2 0 0 0 0

.18333 3841 -94929 0.003652 .942155 .9565
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10 20 30

40 50

Time
elad) Al (2) J=a
Mortality Rates dlagdl «itd dued
(11) Jsaad
TR (uSsS 7 dgad Gl Ao g duia) el JS die Badall Blaglly Blal) Y ana
time survival_rate px | mortality rate gx

0.00277778 0.999496297 0.000503703
0.00555556 0.998237354 0.001762646
0.00833333 0.996726326 0.003273674
0.01111111 0.995970331 0.004029669
0.01388889 0.99395519 0.00604481
0.01666667 0.99219103 0.00780897
0.01944444 0.991182032 0.008817968
0.02777778 0.990677227 0.009322773
0.03611111 0.990424771 0.009575229
0.03888889 0.990172154 0.009827846
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CoRal) uSsS 7 dgai bl Aoy ¢ jas JS dic Biaall Blaglly Blaad) cN e

(12) Jsaad

age survival rate (p,) mortality rate
(q,)

20 0.954786945 0.045213055
21 0.923011102 0.076988898
22 0.894087577 0.105912423
23 0.857649748 0.142350252
24 0.829232357 0.170767643
25 0.802546425 0.197453575
26 0.770837071 0.229162929
27 0.740252875 0.259747125
28 0.705866433 0.294133567
29 0.705550207 0.294449793
30 0.679593449 0.320406551
31 0.65214828 0.34785172
32 0.617551419 0.382448581
33 0.588074363 0.411925637
34 0.556284595 0.443715405
35 0.524094832 0.475905168
36 0.496509686 0.503490314
37 0.468977198 0.531022802
38 0.440127996 0.559872004
39 0.41286457 0.58713543
40 0.388132542 0.611867458
41 0.356282401 0.643717599
42 0.332020891 0.667979109
43 0.30755867 0.69244133
44 0.285132785 0.714867215
45 0.260881655 0.739118345
46 0.241110634 0.758889366
47 0.239237287 0.760762713

20




48 0.223400567 0.776599433
49 0.20766458 0.79233542
50 0.190806712 0.809193288
51 0.175925689 0.824074311
52 0.162069027 0.837930973
53 0.148125726 0.851874274
54 0.133390078 0.866609922
55 0.117239847 0.882760153
56 0.103682621 0.896317379
57 0.086856731 0.913143269
58 0.076485973 0.923514027
59 0.068528882 0.931471118
60 0.059737348 0.940262652
61 0.056856781 0.943143219
62 0.053706963 0.946293037
63 0.049182089 0.950817911
64 0.040646886 0.959353114
65 0.034890164 0.965109836
66 0.03038057 0.96961943
67 0.027142592 0.972857408
68 0.019548692 0.980451308
69 0.017176779 0.982823221
70 0.013766458 0.986233542
71 0.010067231 0.989932769
72 0.006496823 0.993503177
73 0.002632904 0.997367096
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