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 .انخطر

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 (X1), marital status (X3), place of residence (X4), and 

education level (X6) 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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(Zhu, Hoag, Julien & 

Cui, 2002)

(Cox Regression Model)

(Sari, Lestari & Devila. 2019)

 

 
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 

 

 

:

Partial Likelihood Method
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: 

 Cox Regression Model

(Proportional 

Hazards Model - PHM

Persson, 2002, 

p. 15

 

 

Assumptions of Cox Model  

(Sasiene, 2005, 4)

 
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 Weibull

 

 

 

 

T

Kleinbaum, Klein, 2011, 108

𝒉(𝒕, 𝑿) = 𝒉𝟎(𝒕)𝒆𝒙𝒑 [∑𝜷𝒊𝑿𝒊

𝒑

𝒊=𝟏

]                                                             (𝟏)

𝜷𝒊

𝑿𝒊predictors

𝒉𝟎(𝒕)(Baseline Hazard Function)،

Partial Maximum Likelihood 

Estimation.

Partial Maximum Likelihood Estimation
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𝑳(𝜷) =∏
𝒆𝒙𝒑𝜷′𝑿𝒋

∑ 𝒆𝒙𝒑𝜷′𝑿𝒒𝒒∈𝑹𝒋

𝒎

𝒋=𝟏

                 (𝟐)

m

R(tj)

𝑅𝑖 = * 𝑗 = 𝑇𝑗 ≥ 𝑇𝑖+

𝒍𝒐𝒈 𝑳(𝜷) =∑𝜷′𝑿𝒋

𝒏

𝒋=𝟏

− ∑𝒍𝒐𝒈 [∑ 𝒆𝒙𝒑𝜷′𝑿𝒒
𝒒∈𝑹𝒋

]

𝒏

𝒋=𝟏

                                 (𝟑)

β

𝝏𝒍𝒐𝒈 𝑳(𝜷)

𝝏𝜷
=∑𝑿𝒋

𝒏

𝒋=𝟏

−∑𝒍𝒐𝒈
∑ 𝑿𝒒𝒆𝒙𝒑𝜷′𝑿𝒒𝒒∈𝑹𝒋

∑ 𝒆𝒙𝒑𝜷′𝑿𝒒𝒒∈𝑹𝒋

𝒏

𝒋=𝟏

                              (𝟒)

∑𝑿𝒋

𝒏

𝒋=𝟏

−∑𝒍𝒐𝒈
∑ 𝑿𝒒𝒆𝒙𝒑𝜷

′𝑿𝒒
𝒒∈𝑹𝒋

∑ 𝒆𝒙𝒑𝜷′𝑿𝒒𝒒∈𝑹𝒋

𝒏

𝒋=𝟏

= 𝟎

𝜷̂𝒋Newton-

Raphson

Likelihood Ratio test 
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 Wald test 

Smith.T& Smith.R, 2003, 11

Likelihood Ratio test

𝑳𝑹 = −𝟐 𝒍𝒏 [
𝑳𝟎
𝑳𝟏
] 

:𝐿0    مستقلت.المتغٍراث الللنموذج بدون

𝐿1 .للنموذج بكامل المتغٍراث المستقلت

𝐿𝑅χ2𝒑

Wald test 

Wald test χ2

Wald test

𝑯𝟎 ∶  𝜷𝒊 = 𝟎

Wald test 
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𝑾𝒋 = 〈
𝜷̂𝒋

𝑺. 𝑬𝜷̂𝒋
〉𝟐

𝜷̂𝒋

𝑺. 𝑬𝜷̂𝒋

 𝑺. 𝑬𝜷̂𝒋The Inverse Of The 

Information Matrix. 

 The Information Matrix

Persson, 2002, 16 

𝑰(𝜷) = −
𝝏𝟐

𝝏𝜷𝟐
𝒍𝒐𝒈𝑳(𝜷) = −∑𝒅𝒊

𝒌

𝒊=𝟏

{
∑ 𝑿 𝒒𝑿𝒒𝒆

𝑿𝒒𝜷
𝒒∈𝑹𝒋

∑ 𝒆𝑿𝒒𝜷𝒒∈𝑹𝒋

 −  
.∑ 𝑿 𝒒𝒆

𝑿𝒒𝜷
𝒒∈𝑹𝒋 / .∑ 𝑿 𝒒𝒆

𝑿𝒒𝜷
𝒒∈𝑹𝒋 /

∑ 𝒆𝑿𝒒𝜷𝒒∈𝑹𝒋

}

𝑺. 𝑬𝜷̂𝒋 = ,𝐼(𝛽)-
−𝟏 = [𝑫 − 𝑩́ 𝑨−𝟏𝑩́\𝝀=𝝀 (𝛽)]

−𝟏

𝐀 = −
𝝏𝟐𝑰

𝝏𝝀𝟐
   ,    𝚩 = −

𝝏𝟐𝑰

𝝏𝝀𝝏𝜷
    ,   𝑪 = −

𝝏𝟐𝑰

𝝏𝜷𝝏𝝀
   ,    𝑫 = −

𝝏𝟐𝑰

𝝏𝜷𝟐
    , 𝒂𝒏𝒅

𝝀̃(𝜷) =
𝒅𝒊

.𝒕(𝒊)−𝒕(𝒊−𝟏)∑ 𝒆𝜷
′𝑿𝒒

𝒒∈𝑹𝒋
/
 ;  𝒊 = 𝟏,… . . , 𝒏

 Proportional Hazards Assumptions 

Schoenfeld Residuals
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The Estimated Variance-Covariance Matrix ً لبوووووووا

Schoenfeld، وSchoenfeld 

𝑺𝒌
∗ = [𝑽(𝜷̂, 𝒕𝒌)]

−𝟏
𝑺𝒌

𝑆𝑘
∗Schoenfeld .المقدرة

[𝑉(𝜷̂, 𝑡𝑘)]
−1

  X'sمعكوس مصفوفت التباٌه لـ  

𝑆𝑘 Schoenfeld. 

𝑿𝒊

𝒉̂𝒊(𝒕) = 𝒉̂𝟎(𝒕)𝒆𝒙𝒑 [∑𝜷𝒊𝑿𝒊

𝒑

𝒊=𝟏

]

𝑯̂𝟎(𝒕)Cumulative Baseline Hazard Function

Breslow

𝑯̂𝟎(𝒕) =
𝒅𝒊

∑     (𝑿𝒋𝜷̂)𝒋 𝒕𝒋 𝒕𝒊

  

t1 ،t2 ،... ،tn

        di ti

Baseline Survival Function

Breslow

Xia et al., 2018, 1

𝑺̂𝒊(𝒕) = 𝑺̂𝟎(𝒕)
    (𝑿𝒊𝜷̂)

𝑺̂𝟎(𝒕) =     (−𝑯̂𝟎(𝒕))
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𝑺𝒙(𝒕) = 𝒕𝒑𝒙x

x+tpx وqx 

𝒑𝒙  𝒒𝒙 = 𝟏

 المقترح Coxالتطبيق العولي لنوورج 
Risk Factors

 X1

 X2

 X3

 X4

 X5

 X6

 X7

 X8

Binary
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R)4.4.1(

Packages

(survival, readxl, aod, ggplot2, writexl)

(Cox)الخطوة الأولى:

1

(R.F) 

 اننىع انمدة انعمر
انحانت 

 الاجتماعيت

محم 

 الاقامت

حانت 

 انتقاعد

مستىي 

 انتعهيم
 اندخم

مبهغ 

 انتأمين

انتهاء 

 انىثيقت

02 5.7138889 M M U 0 H 24 360 وفاة 

02 2.9555556 F M U 0 H 34 82 وفاة 

23 7.772222 F M R 0 L 29 71  

27 8.5611111 M M U 0 H 118 607  

30 6.9472222 F M U 0 H 58 100  

33 9.4916667 M S U 0 L 47 191 وفاة 

37 23.163889 M M U 1 H 105 158  

41 29.183333 M M U 0 L 131 451 وفاة 

45 14.933333 F S U 0 L 102 270 وفاة 

52 12.288889 M M U 1 L 11 66  

56 17.177778 M M U 0 H 38 146 وفاة 

……. ……. ……. ……. ……. ……. ……. ……. ……. ……. 

……. ……. ……. ……. ……. ……. ……. ……. ……. ……. 

67 3.8861111 M M R 1 H 67 211 وفاة 

67 10.591667 F M U 1 L 14 196 وفاة 

= M= F= M

= S= U= R= 

H= L 
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0

(R.F)

X1 انمدة X2 X3 X4 X5 X6 X7 X8 
انتهاء 

 انىثيقت

02 5.7138889 0 1 1 0 1 24 360 1 

02 2.9555556 1 1 1 0 1 34 82 1 

23 7.772222 1 1 0 0 0 29 71 0 

27 8.5611111 0 1 1 0 1 118 607 0 

30 6.9472222 1 1 1 0 1 58 100 0 

33 9.4916667 0 0 1 0 0 47 191 1 

37 23.163889 0 1 1 1 1 105 158 0 

41 29.183333 0 1 1 0 0 131 451 1 

45 14.933333 1 0 1 0 0 102 270 1 

52 12.288889 0 1 1 1 0 11 66 0 

56 17.177778 0 1 1 0 1 38 146 1 

……. ……. ……. ……. ……. ……. ……. ……. ……. ……. 

……. ……. ……. ……. ……. ……. ……. ……. ……. ……. 

67 3.8861111 0 1 0 1 1 67 211 1 

67 10.591667 1 1 1 1 0 14 196 1 

الخطوووة الناةيووت:
Partial Maximum Likelihood EstimationR

3

               coef      exp(coef)   se(coef)    z     Pr(>|z|)     
age          -1.051e-01  9.003e-01  7.456e-03 -14.093  < 2e-16 *** 
gender       -5.956e-02  9.422e-01  3.945e-02  -1.510   0.1311 
marital      -1.637e-01  8.490e-01  3.954e-02  -4.139 3.49e-05 *** 
townsize      3.590e-02  1.037e+00  1.466e-02   2.449   0.0143 * 
retire       -3.888e+00  2.048e-02  3.867e-01 -10.055  < 2e-16 *** 
edcat         1.174e-01  1.125e+00  1.636e-02   7.175 7.21e-13 *** 
income       -2.141e-02  9.788e-01  1.598e-03 -13.396  < 2e-16 *** 
coverage     -1.038e-04  9.999e-01  1.753e-04  -0.592   0.5538 
 
--- 
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Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 يتضح مما سبق الآتي:
 Pr(>|z|X1p < 2e-16

significance level

 (Pr(>|z|)X2 

 Pr(>|z|X3

 Pr(>|z|4X0.0143

 Pr(>|z|X5

 Pr(>|z|X6

 Pr(>|z|X7

 Pr(>|z|X8

 تقيين نمورج انحذار كوكس المقذر



15 

 

4

P-value Df 𝜒2 
16-<2e 8 1410 

1410

16-2e<value-Pp

Wald test  لاختبار الدلالت الإحصائٍت لكل

فرضٍت العدم ، وٌقوم اختبار والد باختبار على حده على المتغٍر التابعمتغٍر فً النموذج 

.النموذج تساوي صفرمعلماث القائلت بأن 

5

 df 𝝌𝟐 P-value انمتغيراث انمستقهت

 0.0 198.6 1 انعمر

 0.13 2.3 1 اننىع

 3.5e-05 17.1 1 انحانت الاجتماعيت

 0.014 6.0 1 محم الاقامت

 0.0 101.1 1 انتقاعد

 7.2e-13 51.5 1 مستىي انتعهيم

 0.0 179.5 1 اندخم
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 0.55 0.35 1 مبهغ انتأمين

 Proportional Hazards Assumption 
7

 df 𝝌𝟐 P-value انمتغيراث انمستقهت

 0.95 0.0043 1 انعمر

 0.47 0.533 1 اننىع

 0.20 1.659 1 انحانت الاجتماعيت

 0.56 0.348 1 محم الاقامت

 1.5e-13 54.618 1 انتقاعد

 0.13 2.300 1 مستىي انتعهيم

 > 2e-16 147.477 1 اندخم

 2.4e-08 30.988 1 مبهغ انتأمين

 ، ها يلي:يتضح هن الجذول السابق
 p-value

 p-value
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              Coef  exp(coef)  se(coef)   z     Pr(>|z|)     
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 *** 
edcat     0.073943  1.076745  0.016024   4.615 3.94e-06 *** 

: 
𝒉(𝒕,𝑿) = 𝒉𝟎(𝒕)𝒆𝒙𝒑

−𝟎.𝟎𝟐𝟓𝟑𝟐𝟓𝑿𝟏−𝟎.𝟏𝟓𝟎𝟗𝟕𝟖𝑿𝟑 𝟎.𝟎𝟓𝟑𝟓𝟖𝟓𝑿𝟒 𝟎.𝟎𝟕𝟑𝟗𝟒𝟑𝑿𝟔

 Cumulative Baseline Hazard 

Function 
Cumulative Baseline Hazard Function

Breslow EstimatorR
 
> baseline_hazard <- basehaz(cox_model, centered = FALSE) 

> print(baseline_hazard) 
 

9

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 
9   ...   ...  ...  
10  ...       ...     ...  
11  ...  ...  ...  
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 Survival Function

survfit

 
> surv_function <- survfit(cox_model) 
> summary(surv_function) 

12

 

    time  n.risk n.event survival  std.err lower 95% CI upper 95% CI 
  0.00278   4129       2  0.99950 0.000356     0.998798       1.0000 
  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 
     ...     ...          ...        ...          ...          ...           
  1.18333   3841       2  0.94929 0.003652     0.942155       0.9565 
     ...     ...          ...        ...          ...          ...    
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Mortality Rates هعذلاث الوفاة

11

time survival_rate px mortality_rate qx 

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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10

age survival rate (px) mortality rate 

(qx) 

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 
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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 



22 

 

 توصياث النتائج وال
 نتائج الأولاً: 

 

 

 

𝒉(𝒕, 𝑿)

= 𝒉𝟎(𝒕)𝒆𝒙𝒑
−𝟎.𝟎𝟐𝟓𝟑𝟐𝟓𝑿𝟏−𝟎.𝟏𝟓𝟎𝟗𝟕𝟖𝑿𝟑 𝟎.𝟎𝟓𝟑𝟓𝟖𝟓𝑿𝟒 𝟎.𝟎𝟕𝟑𝟗𝟒𝟑𝑿𝟔

 توصياثالثاةياً: 

 

 The Extended Cox 

model 

 راع الم
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