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ABSTRACT 

 

Survival Analysis encompasses a wide variety of methods for analyzing the timing 

of events. The term Survival Analysis pertains to a statistical approach designed 

to take into account the amount of time an experimental unit contributes to a 

study. It is the study of time between entry of the observation and subsequent 

event. Originally the event of interest was death and hence the term Survival 

Analysis. The wheel of Survival Analysis has been reinvented several times in 

different disciplines where terminology varies from discipline to discipline. 

Survival Analysis finds a variety of applications in social and economic sciences. 

In the insurance sector these models are used to study the population survival 

pattern to make use of them in determining the premium rates applicable to 

people at different ages. 

 

The present study aims at analyzing the survival patterns for the sample of 

policyholders of Lice Insurance Corporation (LIC) of India with specific 

reference to pension plan: New Jeevan Suraksha –I. using various survival 

models. The three major approaches: non parametric, semi parametric, and 

parametric approach for the estimation of the survival models are applied to the 

sample data and the results are compared. We have carried out Survival Analysis 

using different models such as Cox-Regression model, General Linear model, Life 

Table method, Kaplan-Meier method and survival probabilities are computed in 

each of the cases. The study also helps identifying the major factors affecting the 

hazard rate for Indian population. 

 

KEYWORDS: Survival Analysis, Cox-Regression, General Linear Model. Life-

Table Method, Kaplan-Meier Method.  
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INTRODUCTION 

INTRODUCTION TO SURVIVAL ANALYSIS 

Survival Analysis encompasses a wide variety of methods for analyzing the timing of events. 

Survival Analysis is also appropriate for many other kinds of events such as criminal 

recidivism, divorce, child bearing, unemployment, and graduation from school. The wheels 

of Survival Analysis have been reinvented several times in different disciplines, where 

terminology varies from discipline to discipline 

 Survival Analysis in bio statistics. 

 Failure time analysis in engineering. 

 Event history in sociology. 

Survival Models find a wide variety of applications in social and economic sciences. In the 

insurance sector these models are used to study the population Survival pattern to make use 

of them in determining the premium rates applicable to people at different ages.  

The term „Survival Analysis‟ pertains to a statistical approach designed to take into account 

the amount of time an experimental unit contributes to a study. It is the study of time between 

entry into observation and a subsequent event originally the event of interest was death hence 

the term „Survival Analysis‟. 

The present study aims at analyzing the survival patterns for the sample of insured of Life 

Insurance Corporation (LIC) of India with specific reference to pension plan New Jeevan 

Suraksha- I using various survival models. The three major approaches; Non Parametric, 

Semi-Parametric and parametric approach for the estimation of survival model are applied to 

the sample data and the results are compared. We have carried out Survival Analysis using 

different models such as Cox - Regression model, General Linear Model, Life Table method, 

Kaplan – Meier method and survival probabilities are computed in each of the cases. The 

study also helps identifying the major factors affecting the hazard rate for Indian population. 

INSURANCE MARKET IN INDIA-PRESENT SCENARIO 

The insurance sector was opened up for private participation four years ago. For years now, 

the private players are active in the liberalized environment. The insurance market have 

witnessed dynamic changes which includes presence of a fairly large number of insurers both 

life and non-life segment. Most of the private insurance companies have formed joint venture 

partnering well recognized foreign players across the globe. 

There are now 29 insurance companies operating in the Indian market – 14 private life 

insurance, nine private non-life insurers and six public sector companies. With many more 

joint ventures in the offing, the insurance industry in India today stands at a crossroads as 

competition intensifies and companies prepare survival strategies in a detrified scenario. 
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There is pressure from both within the country and outside on the Government to increase the 

foreign direct investment (FDI) limit from the current 26% to 49%, which would help JV 

partners to bring in funds for expansion. 

There are opportunities in the pensions sector where regulations are being framed. Less than 

10% of Indians above the age of 60 receive pensions. The IRDA has issued the first license 

for a standalone health company in the country as many more players wait to enter. The 

health insurance sector has tremendous growth potential, and as it matures and new players 

enter, product innovation and enhancement will increase. The deepening of the health 

database over time will also allow players to develop and price products for larger segments 

of society. 

 LIFE INSURANCE CORPORATION OF INDIA (LIC) AS A MAJOR PLAYER 

Life Insurance Corporation of India (LIC) was formed in September, 1956 by an Act of 

Parliament, viz., Life Insurance Corporation Act, 1956, with capital contribution from 

the Government of India. Since then it has remained an only major player in the Indian 

markets for several decades in the field of life insurance in India. The then Finance 

Minister, Shri C.D. Deshmukh, while piloting the bill, outlined the objectives of LIC 

thus: to conduct the business with the utmost economy, in a spirit of trusteeship; to 

charge premium no higher than warranted by strict actuarial considerations; to invest the 

funds for obtaining maximum yield for the policy holders consistent with safety of the 

capital; to render prompt and efficient service to policy holders, thereby making 

insurance widely popular. 

Since nationalization, LIC has built up a vast network of 2,048 branches, 10 divisions 

and 8 zonal offices spread over the country. The Life Insurance Corporation of India also 

transacts business abroad and has offices in Fiji, Mauritius and United Kingdom. LIC is 

associated with joint ventures abroad in the field of insurance, namely, Ken-India 

Assurance Company  

Limited, Nairobi; United Oriental Assurance Company Limited, Kuala Lumpur and Life 

Insurance Corporation (International) E.C. Bahrain. The Corporation has registered a 

joint venture company in 26
th

 December, 2000 in Kathmandu, Nepal by the name of Life 

Insurance Corporation (Nepal) limited in collaboration with Vishal Group Limited, a 

local industrial Group. An off-shore company L.I.C. (Mauritius) Off-shore Limited has 

also been set up in 2001 to tap the African insurance market. 

 PENSION PLAN OF LIC 

      The pension system in India is in its infancy. There are generally three forms of plans: 

provident funds, gratuities and pension funds. Most of the pension schemes are confined 

to government employees (and some large companies). The vast majority of workers are 

in the informal sector. As a result, most workers do not have any retirement benefits to 

fall back on after retirement. Total assets of all the pension plans in India amount to less 

than US $40 billion. Therefore, there is a huge scope for the development of pension 

funds in India. The finance minister of India has repeatedly asserted that a Latin 

American style reform of the privatized pension system in India would be welcome (Roy, 
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1997). Given all the pros and cons, it is not clear whether such a wholesale privatization 

would really benefit India or not (Sinha, 2000). 

      New Jeevan Suraksha I is a Deferred Annuity plan that allows the policyholder to make 

provisions for regular income after the selected term. Premiums are payable yearly, half 

yearly, quarterly, monthly or through Salary deduction, as opted by insured throughout 

the term of the policy or till earlier death. Alternatively, the premiums may be paid in one 

lump sum (single premium). Tax relief under Section 80ccc is available on premiums 

paid under the New Jeevan Suraksha I (Table No. 147 of LIC Manual). The premiums 

paid under New Jeevan Dhara I (Table No. 148 of LIC Manual) qualify for tax relief 

under Section 88. These are with-profit plans and participate in the profits of the 

Corporation‟s annuity / pension business. Policies get a share of the profits in the form of 

bonuses. Simple Reversionary Bonuses are declared per thousand Sum Assured annually 

at the end of each financial year. Once, declared, they form part of the guaranteed benefits 

of the plans. Final (Additional) Bonuses may also be payable provided policy has run for 

a certain minimum period. On death of the Life Assured during the term of the policy the 

basic premiums paid, excluding any rider premiums or extra premiums, up tp date of 

death accumulated with interest at such rates as decided by the Corporation will be 

payable to the nominee. At maturity the policyholder can en-cash up to a maximum 25% 

of the maturity proceeds as a tax-free lump sum. The corporation reviews the surrender 

value payable under its plans from time to time depending on the economic environment, 

experience and other factors 

OBJECTIVE OF THE STUDY 

The present study aims at emphasizing the applications of survival analysis models in life 

insurance. The prime objective of this research study is to estimate the survival probabilities 

of the pension policy holders of LIC using various survival models. 

RESEARCH METHODOLOGY 

For the purpose of survival analysis we have selected India‟s largest and oldest fast growing 

corporation of life insurance with different plans. We have applied different survival analysis 

models for selected pension plan namely New Jeevan Suraksha-I. 

We have taken a sample of 55 policyholders of New Jeevan Suraksha-I for the years 1997 to 

2006 from Ahmedabad city. We have attempted to apply the three major approaches to 

survival analysis and the major survival models under them. The models applied under 

different approaches are as under: 

 Cox-Regression Model (semi parametric approach) 

 General Linear Model (parametric approach) 

 Life Table Method (non parametric approach) 

 Kaplan-Meier Method (non parametric approach) 
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This research study indicates the usefulness of selected survival analysis model has the best 

technique to find the probability of survival of policyholder and expected number of claims to 

the insurance company. The study includes Time, Gender, Age, Duration, Pension size are 

the explanatory variables and Status is the dependent variable for estimating the survival 

probabilities. Here, Gender and Status are the Dummy variables. Time denotes the year of 

insuring the pension plan, Gender: takes the values 0 for male insured and 1 for a female 

policy holder, Age is the variable indicating the age of the policyholder in number of years at 

the time of taking insurance policy, Duration indicates the terms of the policy, Status 

indicates the survival status i.e.; whether the insured is dead taking value 1 or alive taking 

value 0 at the time of this study and Pension size indicates the sum assured by the insured.  

SURVIVAL ANALYSIS FOR PENSION POLICYHOLDERS 

 COX REGRESSION ANALYSIS 

Cox Regression is a method for modeling time-to-event data in the presence of censored 

cases. However, Cox Regression allows one to include predictor variables (covariates) in the 

models. For example, one could construct a model of length of employment based on 

educational level and job category. Cox Regression will handle the censored cases correctly, 

and it will provide estimated coefficients for each of the covariates, allowing one to assess the 

impact of multiple covariates in the same model. One can also use Cox Regression to 

examine the effect of continuous covariates. 

DATA: The time variable should be quantitative and the status variable can be categorical or 

continuous. Independent variables (covariates) can be continuous or categorical; if 

categorical, they should be dummy- or indicator-coded (there is an option in the procedure to 

recode categorical variables automatically). Strata variables should be categorical, coded as 

integers or short strings. 

ASSUMPTIONS: Observations should be independent, and the hazard ratio should be 

constant across time; that is, the proportionality of hazards from one case to another should 

not vary over time. The latter assumption is known as the proportional hazards assumption. 

MODEL: most interesting Survival Analysis research examines the relationship between 

Survival and one or more explanatory variables. 

Most common are linear like models for the log hazard. 

e.g.: A parametric regression model based on the exponential distribution 

xxxh ikkiii
t .......)(log

2211
                     or  

  

 

 

).......exp()(
2211 xxxh ikkiii

t
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   i = indexes subjects 

   xi1, xi2, xik are the values of the covariates for the i
th  

subject. 

This is therefore a linear model for the log hazard or a multiplicative model for the hazard 

itself. 

The model is parametric because, once the regression parameters 
k1

.... , ,               are 

specified, the hazard Function hi (t)  is fully characterized by the model. 

The regression constant , represents kind of baseline hazard since log hi (t) =  or hi (t) =  

e   when all of the x‟s are zero 

Other parametric hazard regression models are based on other distributions commonly used 

in modeling Survival data, such as the Gompertz and Weibull distributions. 

Fully parametric hazard regression models have largely been superseded by the Cox model 

which leaves the baseline hazard Function  tt he 0log       unspecified: 

xxxh ikkiii
tt .......)(log

2211
 

    Or 

          ).......exp()(
22110 xxxhh ikkiii

tt  

The Cox model is termed semi-parametric because while the baseline hazard can take any 

form. The covariates enter the model through the linear predictor  

        xxxn ikkiii
.......

2211
 

 OUTPUT AND INTERPRETATION: COX-REGRESSION MODEL 

Survival Analysis using Cox-Regression Model based on Exponential distribution was 

carried out on the same data set. The results obtained are as follows:  

TABLE: 1 COX-REGRESSION MODEL FOR NEW JEEVAN 

SURAKSHA-I 

VARIABLES IN THE EQUATION 

  B SE Wald D.F. Sig. Exp(B) 

Gender .799 .718 1.237 1 .266 2.223 
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Age .085 .045 3.596 1 .058 1.088 

Duration .006 .079 .006 1 .937 1.006 

Pension 

Size 
-11.959 295.419 .002 1 .968 .000 

 

COVARIATE MEANS 

  Mean 

Gender .236 

Age 45.236 

Duration 12.618 

Pension Size .345 

 

OMNIBUS TESTS OF MODEL COEFFICIENTS(A) 

-2 Log 

Likelihood Overall (score) 

Change From Previous 

Step 

Change From Previous 

Block 

  

Chi-

square df Sig. 

Chi-

square D.F. Sig. 

Chi-

square df Sig. 

54.542 13.761 4 .008 13.734 4 .008 13.734 4 .008 

 

OMNIBUS TESTS OF MODEL COEFFICIENTS 

-2 Log Likelihood 

68.276 

 

Variable pension size has negative effect while gender, age and duration have positive effect. 

Covariates of means of gender are 0.236, for age is 45.236, for duration 12.618, pension size 

is 0.345. Standard error of gender is 0.718, for pension size is 295.419. Overall Chi-square 

coefficients are 13.761 at the degree of freedom 4 with significance level 0.08. 

The above results indicate that gender and next age are predominating factors effecting the 
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hazard rate and hence premium size increases as the hazard rate increases. This also indicates 

separate survival analysis for male and female must be carried out. 

                                               CHART : 1  
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CHART 3 

 

 GLM UNIVARIATE ANALYSIS 

The GLM Univariate procedure provides regression analysis and analysis of variance for one 

dependent variable by one or more factors and/or variables. The factor variables divide the 

population into groups. Using this General Linear Model procedure, one can test null 

hypotheses about the effects of other variables on the means of various groupings of a single 

dependent variable. One can investigate interactions between factors as well as the effects of 

individual factors, some of which may be random. In addition, the effects of covariates and 

covariate interactions with factors can be included. For regression analysis, the independent 

(predictor) variables are specified as covariates. 

Both balanced and unbalanced models can be tested. A design is balanced if each cell in the 

model contains the same number of cases. In addition to testing hypotheses, GLM Univariate 

produces estimates of parameters.  
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Commonly used a priori contrasts are available to perform hypothesis testing. Additionally, 

after an overall F test has shown significance, post hoc tests to evaluate differences among 

specific means can be used. Estimated marginal means give estimates of predicted mean 

values for the cells in the model, and profile plots (interaction plots) of these means allow 

easily visualize some of the relationships. 

Residuals, predicted values, Cook's distance, and leverage values can be saved as new 

variables in data file for checking assumptions. 

WLS Weight allows one to specify a variable used to give observations different weights for 

a weighted least-squares (WLS) analysis, perhaps to compensate for a different precision of 

measurement.  

DATA: The dependent variable is quantitative. Factors are categorical. They can have 

numeric values or string values of up to eight characters. Covariates are quantitative variables 

that are related to the dependent variable. 

ASSUMPTIONS: The data are a random sample from a normal population; in the 

population, all cell variances are the same. Analysis of variance is robust to departures from 

normality, although the data should be symmetric. To check assumptions, you can use 

homogeneity of variances tests and spread-versus-level plots. You can also examine residuals 

and residual plots. 

MODEL: Majority of empirical studies have found Gompertz model to be best suited to life 

insurance data. Hence for our purpose we have applied following model for estimating the 

relationship between force of mortality (μx) and the explanatory variables age (x1) and gender 

(x2). 

    

where    

The complete life table was not available and hence we estimated the value of qx from the 

available sample data using the actuarial estimate of qx as  

     

Where , 

                                    Ni  denotes the number of survival at the beginning of the          

interval [ti,ti+1); 

   di   denotes the observed number of deaths in [ti,ti+1) 

                                 wi  denotes the number of withdrawals (losses  or planned) 

in [ti,ti+1) 
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 OUTPUT AND INTERPRETATION: GENERAL LINEAR MODEL 

Using this model, following parameter estimates and related results were obtained by this 

method for the same data set. 

TABLE 2 GLM FOR NEW JEEVAN SURAKSHA - I 

PARAMETER ESTIMATE 

Model 

  

  

  

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

95% Confidence 

Interval for B 

B 

Std. 

Error Beta     

Lower 

Bound 

Upper 

Bound 

1 (Constant) 2.795 5.585   .500 .619 -8.403 13.993 

  Age -.105 .120 -.117 -.872 .387 -.345 .136 

  Gender 1.548 2.741 .076 .565 .575 -3.948 7.044 

MODEL SUMMARY 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate Durbin-Watson 

1 .140(a) .020 -.017 8.63663 1.959 

ANOVA 

Model   

Sum of 

Squares D.F. Mean Square F Sig. 

1 Regression 80.837 2 40.419 .542 .585(a) 

  Residual 4027.932 54 74.591     

  Total 4108.769 56       

Gender is a predominant factor effecting force of mortality. age and force of mortality are 

related. The coefficient of age and gender is -0.105 and 1.548 respectively.  The estimated 

values of  µx, qx and px for each of the policyholders of the sample data are shown in Table:3 

below. 
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TABLE:3 ESTIMATES BY GLM 

No. Time Gender Age Duration Pension Size Status mu qx px 

1 1 1 43 12 16413 0 0.841979 0.457106 0.542894 

2 1 1 43 15 24468 0 0.117655 0.105269 0.894731 

3 1 0 47 10 8851 0 0.067745 0.063447 0.936553 

4 1 1 67 12 14691 1 0.414783 0.293178 0.706822 

5 1 0 35 20 44182 0 0.077305 0.071758 0.928242 

6 1 0 51 6 54378 0 0.069599 0.06507 0.93493 

7 1 0 52 5 4318 0 0.614467 0.380601 0.619399 

8 1 1 46 5 4193 0 0.272532 0.214165 0.785835 

9 1 0 39 19 40574 0 6.190402 0.860926 0.139074 

10 1 1 24 26 77404 0 0.117655 0.105269 0.894731 

11 1 0 47 11 14597 0 0.511709 0.338497 0.661503 

12 1 0 33 25 73758 0 0.265272 0.209656 0.790344 

13 1 1 54 5 4364 0 0.033373 0.032295 0.967705 

14 1 0 59 10 12037 1 0.105928 0.095782 0.904218 

15 1 0 48 10 11834 0 0.272532 0.214165 0.785835 

16 1 0 39 11 14058 0 1.580909 0.61254 0.38746 

17 1 1 37 20 44648 0 0.302704 0.232366 0.767634 

18 1 0 38 16 21975 0 0.414783 0.293178 0.706822 

19 1 0 35 20 44182 0 0.179066 0.151871 0.848129 

20 1 0 43 14 21152 1 0.041172 0.039544 0.960456 

21 1 0 57 5 44089 0 0.105928 0.095782 0.904218 

22 1 0 48 10 11834 0 0.336216 0.251618 0.748382 

23 1 0 37 19 31819 0 1.624175 0.618928 0.381072 
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24 1 0 22 28 91090 0 0.414783 0.293178 0.706822 

25 1 0 35 25 74521 0 0.062662 0.058967 0.941033 

26 1 0 53 7 6904 1 2.968331 0.748005 0.251995 

27 1 1 31 25 73102 0 0.04573 0.04373 0.95627 

28 1 0 56 6 5556 0 0.117655 0.105269 0.894731 

29 1 0 47 8 8066 0 0.117655 0.105269 0.894731 

30 1 0 47 5 4216 0 0.13068 0.115577 0.884423 

31 1 0 46 20 10574 0 0.077305 0.071758 0.928242 

32 1 0 51 5 4296 0 0.041172 0.039544 0.960456 

33 1 0 57 8 8317 1 0.403734 0.287614 0.712386 

34 1 1 50 8 8186 1 0.077305 0.071758 0.928242 

35 1 0 51 5 4296 0 0.145148 0.126751 0.873249 

36 1 0 45 15 24721 0 0.22091 0.180939 0.819061 

37 1 0 41 19 40993 0 0.161218 0.138835 0.861165 

38 1 0 44 15 24613 0 0.265272 0.209656 0.790344 

39 1 1 54 5 4364 0 0.056416 0.053403 0.946597 

40 1 0 54 5 4364 0 0.179066 0.151871 0.848129 

41 1 0 43 10 11558 0 0.056416 0.053403 0.946597 

42 1 0 54 5 4364 0 0.498077 0.332478 0.667522 

43 1 1 48 5 4228 1 0.037068 0.035743 0.964257 

44 1 0 58 5 4409 0 0.145148 0.126751 0.873249 

45 1 0 45 13 18867 0 0.056416 0.053403 0.946597 

46 1 0 54 5 4364 0 0.193592 0.162193 0.837807 

47 1 1 57 5 4409 1 0.778801 0.437823 0.562177 

48 2 0 29 21 49475 0 0.302704 0.232366 0.767634 
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49 2 0 38 22 13493 0 2.406083 0.706408 0.293592 

50 2 1 33 22 13158 0 1.067159 0.516244 0.483756 

51 2 0 26 28 21559 0 0.336216 0.251618 0.748382 

52 2 0 37 17 32086 0 0.050793 0.048338 0.951662 

53 2 0 55 5 4819 1 0.030047 0.02917 0.97083 

54 2 0 60 5 4409 0 0.145148 0.126751 0.873249 

55 2 0 45 11 88729 0 16.36263 0.942405 0.057595 

 LIFE TABLE METHOD 

There are many situations in which the analyst would want to examine the distribution of 

times between two events, such as length of employment (time between being hired and 

leaving the company). However, this kind of data usually includes some cases for which the 

second event isn't recorded (for example, people still working for the company at the end of 

the study). This can happen for several reasons: for some cases, the event simply doesn't 

occur before the end of the study; for other cases, we lose track of their status sometime 

before the end of the study; still other cases may be unable to continue for reasons unrelated 

to the study (such as an employee becoming ill and taking a leave of absence). Collectively, 

such cases are known as censored cases, and they make this kind of study inappropriate for 

traditional techniques such as t tests or linear regression. 

A statistical technique useful for this type of data is called a follow-up life table. The basic 

idea of the life table is to subdivide the period of observation into smaller time intervals. For 

each interval, all people who have been observed at least that long are used to calculate the 

probability of a terminal event occurring in that interval. The probabilities estimated from 

each of the intervals are then used to estimate the overall probability of the event occurring at 

different time points 

DATA: The time variable should be quantitative. The status variable should be dichotomous 

or categorical, coded as integers, with events being coded as a single value or a range of 

consecutive values. Factor variables should be categorical, coded as integers. 

ASSUMPTIONS: Probabilities for the event of interest should depend only on time after the 

initial event--they are assumed to be stable with respect to absolute time. That is, cases that 

enter the study at different times (for example, patients who begin treatment at different 

times) should behave similarly. There should also be no systematic differences between 

censored and uncensored cases. If, for example, many of the censored cases are patients with 

more serious conditions, results may be biased. 

MODEL: The life table technique is one of the oldest methods for analyzing survival data. 

The life table can be thought of as an „enhanced‟ frequency distribution table. The 

distribution of survival times is divided into a certain number of intervals. 
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A mortality table represents a record of mortality observed in the past and is arranged so as to 

show the probabilities of death and survival at each separate age. It shows a hypothetical 

group of individual beginning with a certain age and traces the history of the entire group 

year by year until all have died. 

 OUTPUT AND INTERPRETATION: LIFE-TABLE METHOD 

Survival analysis was carried out using life table method for our data set using gender as a 

discriminating factor.  

TABLE 4 LIFE TABLE METHOD FOR NEW JEEVAN SURAKSHA-I 

SURVIVAL ANALYSIS TIME FOR MALE 

Intrvl 

Start 

Hazard 

time 

Number 

entering 

in this 

intrvl  

Number 

wdrawn 

during 

intrvl 

Number 

exposed 

to risk 

Number 

of 

termnl 

events 

Propn 

termi-

nating 

Propn 

surviving 

Cumul 

propn 

surv at 

end 

SE of 

cumul 

surviving 

0.0 42.00 0.0 42.00 0.0 0.0000 1.0000 1.0000 0.0000 

1.0+ 42.00 37.00 23.50 5.0 0.2128 0.7872 0.7872 0.0844 

 

SURVIVAL ANALYSIS TIME FOR FEMALE 

 Intrvl 

Start 

Hazard 

time 

Number 

entering 

in this 

intrvl  

Number 

wdrawn 

during 

intrvl 

Number 

exposed 

to risk 

Number 

of 

termnl 

events 

Propn 

termi-

nating 

Propn 

surviving 

Cumul 

propn 

surv at 

end 

SE of 

cumul 

surviving 

0.0 13.00 0.0 13.00 0.0 0.0000 1.0000 1.0000 0.0000 

1.0+ 13.00 9.0 8.5 4.0 0.4706 0.5294 0.5294 0.1712 

 

For males from 42 cases 37 have withdrawn during the interval. In this interval 23.50 

numbers exposed to risk and numbers of terminal events are 5. But proportional of 

terminating is 0.2128, where proportion of surviving is 0.7872, cumulative proportion 

survival at end is 0.7872. Standard error of cumulative surviving is 0.0844 for these data.  

For females from 13 cases 9 have withdrawn during the interval. In this interval 8.5 numbers 

exposed to risk and numbers of terminal events are 4. But proportional of terminating is 

0.4706, where proportion of surviving is 0.5294, cumulative proportion survival at end is 

0.5294. Standard error of cumulative surviving is 0.1712 for this data. 
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The above results indicated that the proportion of surviving for males is greater than that for 

females  

CHART 4 

 

 KAPLAN-MEIER SURVIVAL ANALYSIS 

There are many situations in which one would want to examine the distribution of times 

between two events, such as length of employment (time between being hired and leaving the 

company). However, this kind of data usually includes some censored cases. Censored cases 

are cases for which the second event isn't recorded (for example, people still working for the 

company at the end of the study). The Kaplan-Meier procedure is a method of estimating 

time-to-event models in the presence of censored cases. The Kaplan-Meier model is based on 

estimating conditional probabilities at each time point when an event occurs and taking the 

product limit of those probabilities to estimate the survival rate at each point in time. 

DATA: The time variable should be continuous, the status variable can be categorical or 

continuous, and the factor and strata variables should be categorical. 

ASSUMPTIONS: Probabilities for the event of interest should depend only on time after the 

initial event--they are assumed to be stable with respect to absolute time. That is, cases that 

enter the study at different times (for example, patients who begin treatment at different 

times) should behave similarly. There should also be no systematic differences between 

censored and uncensored cases. If, for example, many of the censored cases are patients with 

more serious conditions, our results may be biased. 
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MODEL: The Kaplan-Meier estimates is  

Ŝ (t) =      

An estimate of the variance of Ŝ (t) is  

  

      [Ŝ (t)]
 2 

    

The square root of estimate of the variance [Ŝ (t)] is the standard error of the Kaplan-Meier 

estimate and Ŝ (t) ± 1.96  gives a point wise 95% confidence envelope around the 

estimated Survival Function. 

 OUTPUT AND INTERPRETATION: KAPLAN-MEIER METHOD 

Survival Analysis using Kaplan-Meier Method was carried out on the same data set. The 

results obtained are as follows: 

TABLE 5 KAPLAN-MEIER METHOD FOR NEW JEEVAN SURAKSHA-I 

SURVIVAL ANALYSIS FOR TIME FOR MALE 

Number of cases: 42 censored:37 (88.10%)  Events: 5 

 Survival Time Standard Error  95 % confidence 

interval 

Mean 

Limited to 

1.90 

2.00 

0.05 (1.81, 2.00) 

 

SURVIVAL ANALYSIS FOR TIME FOR FEMALE 

Number of cases: 13  censored:9 (69.23%)  Events: 4 

 Survival Time Standard Error  95 % confidence 

interval 

Mean 

Limited to 

1.69 

2.00 

0.13 (1.44, 1.94) 
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SURVIVAL ANALYSIS FOR TIME OVERALL 

Percent 

Censored 

 Total 

 

Number 

Events 

Number 

Censored 

Gender 

(88.10%) 

Male 42 5 37 

Gender 

(69.23%) 

Female 13 4 9 

Overall 

(83.64%) 

 55 9 46 

 

For males censored cases are 37 it means that 88.10% of the data. Survival mean of this 

analysis is 1.90 where standard error is 0.05 and 95% confidence interval is 1.81 to 2.00. 

For females censored cases are 9 it means that 69.23% of the data. Survival mean of this 

analysis is 1.69 where standard error is 0.13 and 95% confidence interval is 1.44 to 1.94.  

From total 55 sample data 83.64% are censored. It means that survival for female is lower 

than male.  
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CHART 5 
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CHART 6  
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                                                                   CHART 7 

 

 MAJOR FINDINGS 

In this study we have attempted to estimate the survival function through all the three major 

approaches are semi-parametric approach, parametric approach and non-parametric approach.  

We have attempted to estimate the survival function by Cox-Regression Model, General 

Linear Model, Life Table Method, Kaplan-Meier Method.  

The Major findings of our research were :    

 This research indicates that gender and age are pre-dominating factors 

affecting the hazard rate, and hence premium size increases as the hazard rate 

increases  

 The results indicate that the proportion of surviving for males is greater than 

that for females. 
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 The insurance company may expect greater number of claims for female 

policy holders. 

 The separate Survival Analysis for males & females must be carried out. 

 The surprising result of our research is reverse because generally the survival 

probability of female is higher than male. But we have taken limited data for 

this study. So, sample data should be large so we can get exact picture of the 

Survival. 

 LIMITATION AND FUTURE SCOPE OF RESEARCH 

Data availability as very well pointed out is the major limitation of this research. Hence a 

more accurate and reliable analysis can be carried out if we have larger sample size. Other 

variables such as income, lifestyle etc. could have been included in the analysis. Similar type 

of analysis can be carried out for other insurance plans also and probability of claims can be 

estimated for different insurance plans. The research can be extended to evaluate the 

premium rates using the mortality data of the entire population. Other sophisticated survival 

analysis models and approaches such as Maximum Likelihood Estimate, Copula models. 

Moment estimation and other probability distributions such as Weibull, Log-normal etc. 

could be applied to survival function estimation and accuracy of their fit can be tested. 

Software availability was also a major limitation in this study and hence other sophisticated 

statistical models were not applied in the present research. This research can thus be extended 

on those lines. Comparative Survival Analysis could have been carried out for similar 

insurance plans of different companies and the probability of claims and the corresponding 

funding requirements of these companies could be estimated.  

 Lastly, Survival Analysis could be very widely applied in the field of Life Insurance using 

demographic data and many actuarial problems can be solved using Survival Analysis.  
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