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PREFACE 

This is the sixth out of seven books planned to be published in a series as a 

support to teachers and trainers in teaching public health in South Eastern Europe. 

Originally planned to be on the internet platform only, the Forum for Public Health in 

South Eastern Europe (FPH-SEE) and the MetaNET project as its continuation 

together with the Hans Jacobs Publishing Company decided later to publish this 

training material also as hard copy books. The first four books were published with 

the support of FPH-SEE, and the last two with the support of MetaNET. Both projects 

are supported by the German Academic Exchange Service (DAAD - Deutsche 

Academic Austauschdienst) with funds from the Stability Pact for South Eastern 

Europe, provided by the German Ministry of Foreign Affairs. 

We are proud that this book will be published on the 10
th

 year of the Public 

Health Network in South Eastern Europe. 

The book Methods and Tools in Public Health is a collection of 47 teaching 

modules in 5 chapters written by 53 authors from 11 countries. The teaching modules 

in this book cover areas of methods of studying population health, special epidemiological 

methods and methods of public health interventions, methods of planning and evaluation and 

modules as the supportive tools and technologies. Authors had autonomy in preparation 

the teaching modules, they were asked to present their own teaching/training 

materials with the idea to be as practical and lively as possible. The role of editors 

was to stimulate the authors in writing modules and to collaborate with them in 

editing the final version of the manuscripts in order to get them as much as possible to 

the planned format. By preparing and publishing this teaching/training modules 

authors and editors expect and wish to support and improve public health education 

and training of public health professionals.  

The editors asked and encouraged authors to incorporate in their teaching 

modules exercises, tests, questionnaires and other practical forms of training. We will 

be thankful for any comments on use of them in everyday practice. 

The next and the last book will be entitled ―International Public Health‖. 

You can find all volumes on the website of the Forum of Public Health: 

http://www.snz.hr/ph-see/publications.htm, and the volumes 4-6 on the open access 

Literature database of the University Bielefeld: http://biecoll.ub.uni-bielefeld.de. 

 

 

 

Editors and Project coordinators: 

Lijana Zaletel-Kragelj, Jadranka Boţikov, 

Doris Bardehle, Luka Kovačić, Ulrich Laaser and Oliver Razum 
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Keywords Risk, cumulative incidence, simple cumulative method, actuarial method, 

density method 

Learning objectives After completing this module students should be: 

 familiar with differences between four different methods for estimation 

of cumulative risk, being simple cumulative, actuarial, density, and 

Kaplan Meier method; 

 able to estimate cumulative risk measures of different level of accuracy 

independently. 

Abstract Risk is defined as the probability that a disease-free individual is 

developing a disease under observation over a specified period, conditional 

on that the same individual is not dying from any other disease during the 

period. In practice, risk is estimated by using different methods. The simple 

cumulative method is the easiest and most widely used. Risk cannot be 

accurately estimated by this method unless all subjects in the observed 

candidate population are followed for the entire follow-up period or are 

known to develop the disease during the period (no censoring). Because of 

serious limitations of this method, several methods more or less susceptible 

to censoring were proposed. Considering the censoring of the data in 

estimating cumulative risk requires the use of special analytic methods. 

These methods are actuarial, density, and Kaplan Meier method. 

Teaching methods An introductory lecture gives the students first insight in four methods for 

calculation of cumulative risk. The theoretical knowledge is illustrated by 

case studies. 

After introductory lectures students first carefully read the theoretical 

background of this module and complement their knowledge with 

recommended readings. Afterwards they on provided data set perform 

tasks on estimation of different types of measures. 

They are stimulated to compare results with other students and discuss 

the differences. 

Specific 

recommendations 

for teachers 

 work under teacher supervision/individual work proportion: 30%/70%; 

 facilities: a lecture room, a computer room; 

 equipment: computers (1 computer on 2-3 students), LCD projection, 

access to the Internet; 

 training materials: recommended readings or other related readings; 

 target audience: master degree students according to Bologna scheme. 

Assessment of 

students 

Written report on calculated measures in which detailed description of 

process of calculation is described. 

mailto:lijana.kragelj@mf.uni-lj.si
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FREQUENCY MEASURES: ESTIMATING RISK 
Lijana Zaletel-Kragelj, Jadranka Boţikov 

 

 

THEORETICAL BACKGROUND 

Introduction 
In expressing relative incidence we are dealing with several measures. One of them is 

so called risk. 

Risk is defined as the probability that a disease-free individual is developing a 

disease under observation over a specified period, conditional on that the same 

individual is not dying from any other disease during the period (1). Thus, risk is a 

conditional probability, with values varying between zero and one. It is dimensionless 

(1). It usually refers to the first occurrence of the disease for each initially disease-free 

individual, although it is possible to consider the risk of developing the disease under 

observation within a specified period more than once (1). 

In practice, risk is estimated by using different methods. The simple 

cumulative method is the easiest and most widely used (1). For a cohort of subjects 

followed for a given period of time, risk is often estimated by calculating the 

proportion of candidate subjects who develop the disease during the observation 

period. This measure is usually referred as the cumulative incidence (CI) (1). 

Generally cumulative incidence is estimated only for first occurrence of the disease. If 

the durations of the individual follow-up periods for all non-cases are equal, the 

cumulative incidence is equivalent to the average risk for members of the cohort. This 

means thait under the condition of a fixed cohort cumulative incidence is good 

estimate of risk. This is the reason that cumulative incidence and risk are frequently 

equalized. But once again, because risk is, by its definition, a conditional probability, 

it cannot be accurately estimated by calculating cumulative incidence unless all 

subjects in the observed candidate population are followed for the entire follow-up 

period or are known to develop the disease (or other observed phenomenon) during 

the period (1). 

The cumulative probability of the event during a given time interval is the 

proportion of new events during the interval in which the denominator is the initinal 

number of observed persons. The calculation of this measure is straightforward if 

no losses happen in the cohort during the interval (1-9). However, in real life the 

size of the cohort is more than likely to be decreased after a long period of follow-

up as a result of different reasons. A situation in which the event and the time of 

individual is at risk for the event is unknown is usually called censoring (2,8-12).  

There are usually three reasons why censoring occurs. The first is the 

termination of the observation because of the end of the study before the event 

occurs, the second is the termination because of some competing factors (death of 

other cause e.g. traffic accident), the third, the fourth simply the lost because of 

changing the domicile of the individual under observation, etc. In all cases the 

occurrence of observed phenomenon is unknown. The terms also used with this 

phenomenon are ―withdrawals‖, ―losts-to-follow-up‖ and others (2,8-12). 

Considering the censoring of the data requires the use of special analytic methods. 
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The methods of risk estimation are the simple cumulative method, the actuarial 

method, the density method, and the Kaplan Meier product limit method (1,2,9-13). 

 

 

Methods of risk estimation 

Simple cumulative method  
This method is the easiest for estimating risk (1,2,12). The risk calculated by this 

method is the most rough measure in this family of measures.  

It is simply the proportion of new events during the interval in which the 

denominator is the initinal number of observed persons (Equation 1): 

 

(bgp) risk at persons all

(gp) cases new d
cum

N

N
 R


  Equation 1. 

 

cumR = cumulative risk (risk of getting a disease during the entire period) 

Nd+ new cases (gp) = number of new cases of the disease under observation during a 

given period 

Nall persons at risk (bgp) = number of all persons at risk for getting ill with the disease 

under observation at the beginning of a given period 

 

 

Usually it is estimated only for the first occurrence of the disease. This is the 

reason that the population at risk (the denominator in the equation) consists of 

disease-free individuals at the beginning of the observational period. The observation 

period has to be clearly stated since the value of the measure is increasing with the 

prolongation of period of observation. This period could be based upon a callendar 

time or not (e.g. first year after the exposure, first year after surgery etc.). It is good 

estimate of the risk only in the case of fixed cohorts in which there are no withdrawals 

from the follow-up (1,12). 

Estimation of cumulative risk over entire 5-year observational period in 

practice is presented in in Case study 1. 

For avoiding the drawbacks of this rough direct method of estimation of 

cumulative risk over longer period, we could split this longer period first to shorter 

periods (i.e. 1-year periods) and obtain cumulative risk indirectly through calculating 

risks for these periods (partial risks). When partial risk refers to 1-year period it is 

known as annual risk (Equation 2): 

 

period) year-1 of (beginning risk at persons all

period) year-(1 cases new d
ann

N

N
 R


  Equation 2. 

 

annR = annual risk (risk of getting a disease during the 1-year period) 

Nd+ new cases (1-year period) = number of new cases of the disease under observation 

during1-year period 

Nall persons at risk (beginning of 1-year period) = number of all persons at risk for getting ill with 

the disease under observation at the beginning of a 

given 1-year period 
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The annual risk is annual probability of the event (12). The complement of 

this probability (the mirror image) is annual probability of survival without an event 

under observation (i.e. a breakout of a disease). Technically these probabilities are 

conditional probabilities. This means for example, that one has to survive through 

the first interval in order to be a part of the denominator for the calculation of the 

survival probability in the second interval. Similarly, the survival probability for the 

third interval is calculated only among those persons who survived first the first and 

then the second interval (12). 

A cumulative probability of survival without a disease under observation 

over more than one interval (2-, 3-, 4-, 5-year interval, etc.) is obtained by 

multiplying the annual conditional survival probabilities over all intervals (12). 

Afterwards we calculate again complementary values (1 – cumulative survival) that 

are in fact cumulative risks over more than one interval. 

By using this procedure the censoring is partially considered even when 

using simple method, as we need to define separately for every year the number of 

individuals under observation at risk, and all participants who terminated the 

observation because of extraneous factors (e.g. death because of traffic accident 

etc.) are not included. 

Estimation of cumulative 5-year risk over observational period through 

calculation of annual risks is presented in in Case study 1. 

 

Actuarial method  
This is the first method in which the censoring is considered in calculation of risk 

estimate (1,8,11-13). It is tipically used to estimate the probability of death in 

survival analysis, but as mortality is a special case of incidence (12), it could be 

generalized to estimation of risk on general (2). It is refered also as interval -based 

life table or life table interval approach (12). 

This method is working under the assumption that the censoring is occurring 

uniformly throughout the observed period (usually meaning that all withdrawals, 

i.e. censored observations, occur on average in the middle of the observational 

period) (1,2,11). If the periods are short (up to 1 year), or there is a small number of 

withdrawals this assumption does not affect the risk estimate seriously (1). 

However, one should be aware that this method still provides us more or less biased 

estimate of risk (1). The basic equation for calculating risk by using actuarial 

method directly is as follows (Equation 3):  

 

2

N
N

N
 R

(gp) w
(bgp) risk at persons all

(gp) cases new d
cum






 
Equation 3. 

 

cumR = cumulative risk (risk of getting a disease during the entire period) 

Nd+ new cases (gp) = number of new cases of the disease under observation during a 

given period 

Nall persons at risk (bgp) = number of all persons at risk for getting ill with the disease 

under observation at the beginning of a given period 

Nw (gp) = number of withdrawals during a given period 
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For avoiding the drawbacks of this method we could again split longer period first 

to shorter periods (i.e. 1-year periods) and calculate risks for these periods (i.e. annual 

risks). Only afterwards, on the basis of risks of shorter periods as intermediate elements, 

the cumulative risk is calculated indirectly. Annual risks could be calculated as follows 

(Equation 4): 
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N
N

N
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period) year-(1 w
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period) year-(1 cases new d
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Equation 4. 

 

annR = annual risk (risk of getting a disease during the 1-year period) 

Nd+ new cases (1-year period) = number of new cases of the disease under observation 

during the 1-year period 

Nall persons at risk (beginning of 1-year period) = number of all persons at risk for getting ill with 

the disease under observation at the beginning 

of the 1-year period 

Nw (1-year period) = number of withdrawals during the 1-year period 

 

 

Estimation of this measure in practice is presented in Case study 2. 

Again, a cumulative probability of survival without a disease under observation 

over more than one interval (2-, 3-, 4-, 5-year interval, etc.) is obtained by multiplying the 

partial conditional survival probabilities over all intervals (Equation 5) (12): 

 

      n) (yearann2) (yearann1) (yearanncum R1...R1R11 R   Equation 5. 

 

cumR = cumulative risk (risk of getting a disease during the entire period of 

observation) 

annR(year 1) = annual risk (risk of getting a disease) during the 1st year 

annR(year 2) = annual risk (risk of getting a disease) during the 2nd year 

annR(year n) = annual risk (risk of getting a disease) during the nth year 

 

 

Estimation of this measure in practice is presented in Case study 2. 

Because of serious limitations of this method, other methods were proposed (1). 

 

Density method  
Actuarial method is working under the assumption that all withdrawals occur on 

average in the middle of the observational period (1,2,11). If the periods are short, or 

there is a small number of withdrawals this assumption does not affect the risk 

estimate seriously (1). However, it is better to consider exact times of being at risk of 

developing a disease under observation. Another interval-based method based on the 

estimation of average incidence rates (person-time rate or incidence density) was 

proposed (1,3,4,11,12). This method depends on the functional relationship between a 

risk and an incidence rate (estimated through incidence density) (1). 
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Risk depends on incidence density and on the duration of the period of 

observation. Under the assumption that the cohort under observation is fixed (with no 

censored observations), and that the incidence density is constant over the period of 

observation, the risk estimate could be directly calculated as follows (Equation 6) (1,3): 

 

  gptID

cum e1 R


  Equation 6. 

 

cumR = cumulative risk (risk of getting a disease during the entire period) 

ID = incidence density 

t(gp) = duration of the given period of observation (period at risk) 

 

 

Incidence density, used in this equation was introduced in separate module in this 

book. It is the rate between the number of new cases which occur during the period 

under observation, and the quantity known under the term person-time (PT). It is 

calculated as (Equation 7): 

 

PT

N
 ID

(gp) cases new d
  Equation 7. 

 

ID = incidence density 

Nd+ new cases (gp) = number of new cases of the disease under observation during a given period 

PT = person-time 

 

 

However, usually the incidence density (as an estimate of incidence rate) does not 

remain constant during the entire follow-up period. Like in actuarial method, cumulative 

risk over a longer period also in this method is not calculated directly. We split this longer 

period first to shorter periods (i.e. 1-year periods) and calculate risks for these periods 

(partial risks), i.e. annual risks. They could be calculated as follows (Equation 8): 

 
 1ID

ann
anne1 R


  Equation 8. 

 

annR = annual risk (risk of getting a disease during the 1-year period) 

annID = annual incidence density 

 

 

We can see that annual incidence densities need to be calculated prior calculation of 

annual risks (Equation 9): 

 

PT

N
 ID

period) year-(1 cases new d
ann


  Equation 9. 

 

annID = annual incidence density 

Nd+ new cases (gp) = number of new cases of the disease under observation during a 1-year 

period 

PT = person-time 
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Estimation of annual incidence densities and annual risks estimated by usig 

density method in practice is presented in Case study 3. 

Only afterwards, on the basis of annual risks as intermediate elements, the 

cumulative risk is calculated as follows (Equation 10): 

 
      1ID...1ID1ID

cum
n) (year ann2) (year ann1) (year anne1 R


  Equation 10. 

 

cumR = cumulative risk (risk of getting a disease during the entire period) 

annID(year 1) = annual incidence density during the 1st year 

annID(year 2) = annual incidence density during the 2nd year 

annID(year n) = annual incidence density during the nth year 

 

 

Estimation of this measure in practice is presented in Case study 3. 

 

 

Kaplan Meier product limit method  
Kaplan Meier product limit method (8,11,12) combines calculated probabilities of 

survival and estimates to allow censored observations, which are assumed to 

occur randomly. The intervals are defined as ending each time an event (i.e. 

disease, death, withdrawal) occurs and are therefore unequal (2,12). Again, these 

probabilities are conditional – they are conditioned on being at risk (present in the 

study without a disease under observation or censored) at each event time. The 

formula for calculation of conditional probability is simply (Equation 11):  

 

i risk at persons

i d

N

N
 p   Equation 11. 

 

p = conditional probability for an event in time i 

Nd+i  = number of events (new cases of a disease or death) occurring at time i 

Npersons at riski i  = number of individuals still under observation (still at risk of the 

event under observation) at time i 

 

 

When time i is measured exactly, the number of events is usually 1.  

The complement of this conditional probability of an event is probability 

of survival without an event under observation (i.e. a breakout of a disease) (12). 

A cumulative probability of survival without a disease under observation over 

more than one interval (2-, 3-, 4-, 5-year interval, etc.) is obtained by multiplying 

the annual conditional survival probabilities over all intervals (12).  

Estimation of cumulative 5-year risk over observational period through 

calculation of conditional probabilities is presented in Case study 4. 
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CASE STUDIES 

Data set 
For the illustration of differences between the simple, the actuarial, the density, and 

the Kaplan Meier product limit method of calculation of cumulative risk an imaginary 

data-set is used. A cohort of 20 individuals initially without a disease under 

observation, were followed up for 5 years (Figure 1).  

 

 
Figure 1. Graphic presentation of events in a cohort of 20 people. LEGEND: ▬ the period of 

exposure to the effect of the noxious agent (being at risk of developing a disease under 

observation before an event occurred) in individiuals that developed the disease under 

observation; ▬ the period of exposure to the effect of the noxious agent (being at risk of 

developing a disease under observation before censoring occurred) in individiuals that 

were lost to follow-up (voluntarily withdrawal from the study or change of domicile). 

 

 

In this period, 16 individuals got a disease under observation (an event under 

observation) (Figure 1, persons with black lines of follow-up time), while 4 of them were 

lost to follow-up because of voluntarily withdrawal from the study or change of domicile 

(persons No. 5, 7, 14 and 19) (Figure 1, persons with gray lines of follow-up time). The 

lines with arrows indicate that individuals were alive at the time of the lost of follow-up. 

In Figure 1 the members of a cohort are presented in order as they were numbered 

at the time of the entry into the study, while in Figure 2, the members are rearranged in 
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rank order regarding the time of an event or withdrawal. This presentation is useful in 

determination of times of being at risk fot the event under observation. 
 

 
Figure 2. Ordered time of being at risk of developing a disease under observation in a cohort of 20 

people from Figure 1. LEGEND: ▬ the period of exposure to the effect of the noxious 

agent (being at risk of developing a disease under observation before an event occurred) 

in individiuals that developed the disease under observation; ▬ the period of exposure 

to the effect of the noxious agent (being at risk of developing a disease under 

observation before censoring occurred) in individiuals that were lost to follow-up 

(voluntarily withdrawal from the study or change of domicile). 

 

 

 

Case study 1: Estimation of cumulative risk using simple 

cumulative method 
Results of counting of cases of observed disease which broke out during the entire 5-year 

time of observation (Figure 1) show that the cumulative 5-year risk estimated by the 

simple cumulative method according to Equation 1 is (Equation 12):  

 

8000.0
20

16
 Rcum   Equation 12. 
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But this estimate is unreliable as there are censorings in 4/20 individuals under observation 

(No. 5, 7, 14 and 19) (Figure 1). In these individuals the occurrence of the event of interst 

is uncertain because of the termination of the observation before the event occurred. To 

diminish the drawbacks of this method we can split 5-year interval to 5 1-year intervals, 

and for each 1-year interval we calculate the annual risk by following next steps: 

 define the number of persons entered in the interval (Table 1, column 1), number 

of persons with the disease at the end of interval (Table 1, column 2), and the 

number of losts (withdrawals) (Table 1, column 3), 

 by using Equation 2 calculate annual risks (Table 1, column 4). 

 

From the Table 1 it could be seen that in case of calculation of annual risks, the censoring 

is partially considered even when using simple cumulative method, as we need to define 

separately for every year the number of individuals at risk, and all participants who 

terminated the observation because of extraneous factors (e.g. death because of traffic 

accident etc.) are not included. 

 
Table 1. Elements for calculation and calculation of annual risks using simple cumulative method.  

Year of 

observation 

1 2 3 4 

Entered in the 

interval 

(N) 

With the disaese 

at the end of 

interval (d+) 

Lost d+/N 

(annual risk) 

(annR) 

1st 20 6 0 0.3000 

2nd 14 3 0 0.2143 

3rd 11 6 1 0.5455 

4th 4 1 2 0.2500 

5th 1 0 1 0.0000 

 

 

The annual risk (Table 1, column 4) is annual probability of the event (12). The 

complement of this probability is annual probability of survival without an event under 

observation (i.e. a breakout of a disease) (Table 2, column 5). Technically these 

probabilities are annual conditional probabilities. A cumulative probability of survival 

without a disease under observation over more than one interval (2-, 3-, 4-, and 5-year 

interval) is obtained by multiplying the annual conditional survival probabilities over all 

intervals (Table 2, column 6) (12). 

 
Table 2. Calculation of cumulative 5-year risk from annual risks using simple cumulative method.  

Year of 

observation 

4 5 6 7 

d+/N 

(annual risk) 

(annR) 

1 - annR 

 

product (1 - annR) 

(Π) 

1 – Π 

(cumulative risk) 

(cumR) 

1st 0.3000 0.7000 0.7000 0.3000 

2nd 0.2143 0.7857 0.5500 0.4500 

3rd 0.5455 0.4545 0.2500 0.7500 

4th 0.2500 0.7500 0.1875 0.8125 

5th 0.0000 1.0000 0.1875 0.8125 
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The cumulative probability of having an event is the complement of joint 

probability of survival through every of five years of observation (Table 2, 

column 7) (12). 
 

 

Case study 2: Estimation of cumulative risk using actuarial 

method 
Simple cumulative method assumes no withdrawals during the period of observation. 

Since in our case (Figures 1 and 2) there were four individuals lost to observation, this 

must be considered. Their limited participation need to be considered in the 

denominator of the cumulative probability of an event. Actuarial method considers 

censored observations most roughly (Equation 3). Since we have at the end of the 5-

year interval 16 individuals with a disease out of 20 persons at the beginning of the 

observation, and 4 persons were lost to follow up, we calculate cumulative 5-year risk 

directly as (Equation 13): 

 

0.8889

2

4
02

16
 Rcum 



  
Equation 13. 

 

 

Again, we can split 5-year interval first into five 1-year intervals and calculate first 

the annual risks and afterwards cumulative 5-year risk. For each 1-year interval we: 

 define the number of persons entered in the interval (Table 3, column 1), 

number of persons with the disease at the end of interval (Table 3, column 2), 

and the number of withdrawals (Table 3, column 3), 

 calculate the adjusted number of withdrawals (1,12), 

 by using Equation 4 calculate annual actuarial risks (Table 3, column 6). 

 
Table 3. Elements for calculation and calculation of annual risks using actuarial method.  

Year of 

observation 

1 2 3 4 5 6 

Entered in 

the interval 

(N) 

With the disaese 

at the end of 

interval (d+) 

Withdrawals 

(W) 

W/2 N  (W/2) d+/N(W/2) 

(annual risk) 

(annR) 

1st 20 6 0 0 20 0.3000 

2nd 14 3 0 0 14 0.2143 

3rd 11 6 1 0.5 10.5 0.5714 

4th 4 1 2 1 3 0.3333 

5th 1 0 1 0.5 0.5 0.0000 

 

 

After annual risks are calculated we follow exactly the same priciples for calculation of 2-, 

3-, 4- and 5-year cumulative risks as discussed in simple method. The results are presented 

in Table 4. Results of calculating the cumulative 5-year risk estimated by using the 

actuarial method (Table 4, column 9) show that its value is 0.8428, what is much higher 

than estimated by using the simple method. 
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Table 4. Calculation of cumulative 5-year risk from annual risks using actuarial method.  

Year of 

observation 

6 7 8 9 

d+/N  (W/2) 

(annual risk) 

(annR) 

1  annR product (1 - annR) 

(Π) 

1 – Π 

(cumulative risk) 

(cumR) 

1st 0.3000 0.7000 0.7000 0.3000 

2nd 0.2143 0.7857 0.5500 0.4500 

3rd 0.5714 0.4286 0.2357 0.7643 

4th 0.3333 0.6667 0.1572 0.8428 

5th 0.0000 1.0000 0.1572 0.8428 

 

 

Case study 3: Estimation of cumulative risk using density 

method 
The first method that consider exact times of being at risk of developing a disease 

under observation is density method.  

 
Table 5. Data for calculation of person-years.  

Id. number Time of being at risk* 

(Years) 

Status at the end of observation 

(1=with the disease, 0=cesored (cause of 

censoring)) 

2 0.25 1 

6 0.25 1 

3 0.50 1 

18 0.50 1 

1 0.75 1 

9 0.75 1 

12 1.25 1 

10 1.50 1 

15 1.75 1 

4 2.25 1 

8 2.25 1 

13 2.25 1 

20 2.25 1 

19 2.25 0 – free of disease, change of domicile 

11 2.50 1 

17 2.50 1 

16 3.25 1 

7 3.50 0 – free of disease, voluntarily withdrawal 

14 3.50 0 – free of disease, change of domicile 

5 4.75 0 – free of disease, change of domicile 

   

Total 38.75 Diseased = 16, Lost-to-follow-up = 4 

* time in which an individual under observation is exposed to effect of noxious agent 

(is at risk of getting an event under observation) 
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In order to perform the procedure (Equation 6) we need first to calculate the 

person-years (PY) since we need this quantity in calculation of the incidence density. 

We use the information given in Figure 2. In Table 5 data for calculation of PY for 

the entire 5-year period are presented.  

The incidence density for 5-year period could be now calculated using the 

Equation 7. The results are presented in following equation (Equation 14): 

 

4129.0
75.38

16
 ID   Equation 14. 

 

 

This quantity afterwards enters the equation for calculating the 5-year cumulative risk 

using the Equation 6. The results are presented in following equation (Equation 15): 

 
  8731.0e1 R 54129.0

cum  
 Equation 15. 

 

 

Again, we can split 5-year interval first into five 1-year intervals and calculate 

first the annual risk using the density method and afterwards cumulative 5-year risk. 

The steps are as follows 

 first we summarize the events in each of 1-year intervals which are five as the 

duration of the longest observation is 4.75 let: entered in the interval (Table 6, 

column 1), with the disease at the end of interval (Table 6, column 2), lost to 

follow-up (Table 6, column 3), and present at the end of the period without a 

disease (Table 6, column 4), 

 
Table 6. Summary of the events in each of 1-year intervals.  

Year of 

observation 

1 2 3 4 

Entered in the 

interval 

(N) 

With the disaese 

at the end of 

interval (d+) 

Lost to follow-

up 

Present at the end 

of the period 

1st 20 6 0 14 

2nd 14 3 0 11 

3rd 11 6 1 4 

4th 4 1 2 1 

5th 1 0 1 0 

     

Total  16 4  

 

 

 in following step we calculate the person-years (PY) for for each of 1-year 

periods (Table 7). We use the information given in Figure 2, 
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Table 7. The summary of calculation of person-years in each of 5 1-year intervals. 

Year of 

observation 

Contribution to person-years (PY) at the end of 1-year 

interval 

PY 

Total 

1st (0.25 × 2) + (0.50 × 2) + (0.75 × 2) + (1.00 × 14) 17.00 

2nd (0.25 × 1) + (0.50 × 1) + (0.75 × 1) + (1.00 × 11) 12.50 

3rd (0.25 × 5) + (0.50 × 2) + (1.00 × 4) 6.25 

4th (0.25 × 1) + (0.50 × 2) + (1.00 × 1) 2.25 

5th (0.75 × 1) 0.75 

 

 

 in following step the annual incidence density is calculated (Table 8). As the 

incidence density is not constant over 5-year period (the highest is in the third year 

of observation) this has to be considered in the calculation of cumulative risk, 

 at the final step from incidence density the risk is calculated (Table 9).  

 

 
Table 8. Calculation of incidence density in each of 5 1-year intervals. 

Year of 

observation 

2 5 6 

With the disaese at the 

end of interval (d+) 

Annual person-years 

(PY) 

Annual incidence 

density (d+/PY) 

(annID) 

1st 6 17.00 0.3529 

2nd 3 12.50 0.2400 

3rd 6 6.25 0.9600 

4th 1 2.25 0.4444 

5th 0 0.75 0.0000 

 

 

 
Table 9. Calculation of the annual risk in each of 5 1-year intervals. 

Year of 

observation 

6 7 8 

Annual incidence 

density (d+/PY) 

(annID) 

e(-IDann1) 1-e(-annID1) 

(annual risk) 

(annR) 

1st 0.3529 0,.7027 0.2974 

2nd 0.2400 0.7866 0.2134 

3rd 0.9600 0.3829 0.6171 

4th 0.4444 0.6412 0.3588 

5th 0.0000 1.0000 0.0000 

 

 

Results of calculating the cumulative 5-year risk estimated by using the density 

method (Figure 1) show that its value is 0.8643, what is much higher than estimated 

using the simple method, and also higher than estimated using the actuarial method. 

The elements for calculation and its results are presented in Table 10. 
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Table 10. Elements for calculation of cumulative risk using the density method.  

 6 9 10 11 

Year of 

observation 

Annual incidence 

density (d+/PY) 

(annID) 

(-annID1) e(-annID1) 1-e(-annID1) 

(cumulative risk) 

(cumR) 

1st 0.3529 -0.3529 0.7026 0.2974 

2nd 0.2400 -0.5929 0.5527 0.4473 

3rd 0.9600 -1.5529 0.2116 0.7884 

4th 0.4444 -1.9973 0.1357 0.8643 

5th 0.0000 -1.9973 0.1357 0.8643 

 

 

Case study 4: Estimation of cumulative risk using Kaplan 

Meier product limit method 
This method also considers exact times of being at risk of developing a disease under 

observation (2,12). The intervals are defined as ending each time an event (i.e. 

disease, death, withdrawal) occurs. The procedure is as follows:  

 first we determine the times when events or censoring occurred. We use the 

information given in Figure 2, 

 define the number of persons entered in the interval (Table 11, column 1), number 

of persons with the event (occurrence of the disease or death) at time I (Table 11, 

column 2), and the number of censored cases (Table 11, column 3) at time i, 

 
Table 11. Elements for calculation of cumulative risk by using the Kaplan Meier product limit 

method.  

Time of 

the events/ 

censoring 

(years) 

1 2 3 4 5 6 7 

Entered 

in the 

interval 

(N) 

Occurrence 

of the event 

(d+) 

Censored d+/N 

(conditional 

probability 

of the event) 

(p) 

1 – p 

(survival) 

(S) 

Product (S) 

(Cumulative 

survival) 

(cumS) 

1 – Scum 

(cumulative 

conditional 

probability 

of an event) 

(cumR) 

0.25 20 2 0 0.1000 0.9000 0.9000 0.1000 

0.50 18 2 0 0.1111 0.8889 0.8000 0.2000 

0.75 16 2 0 0.1250 0.8750 0.7000 0.3000 

1.25 14 1 0 0.0714 0.9286 0.6500 0.3500 

1.50 13 1 0 0.0769 0.9231 0.6000 0.4000 

1.75 12 1 0 0.0833 0.9167 0.5500 0.4500 

2.25 11 4 1 0.3636 0.6364 0.3500 0.6500 

2.50 6 2 0 0.3333 0.6667 0.2333 0.7667 

3.25 4 1 0 0.2500 0.7500 0.1750 0.8250 

3.50 2 0 2 0.0000 1.0000 0.1750 0.8250 

4.75 1 0 1 0.0000 1.0000 0.1750 0.8250 
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 by using Equation 11 calculate conditional probalities (Table 11, column 4), 

 calculate the complement of conditional probalities of the event at every time of 

occurrence of the events or censoring – the conditional probability of survival 

without an event under observation up to the time i (Table 11, column 5), 

 calculate cumulative probability of survival over more than one interval by 

multiplying the conditional survival probabilities over all intervals (Table 11, 

column 6), 

 calculate the complement of cumulative probabilities of survival over more than 

one interval (Table 11, column 7). 

 

 

Conclusion 
In table 12 the summary over results of all four methods of estimation of cumulative 

risk is presented. 

 
Table 12. Summary over results of estimating cumulative risk over 5-year period using four 

different methods of estimation.  

Method Direct 5-year cumulative risk Indirect 5-year cumulative risk 

Simple 0.8000 0.8125 

Actuarial 0.8889 0.8429 

Density 0.8731 0.8643 

Kaplan Meier  0.8250 

 

 

Since the most accurate measure is Kaplan Meier method we could compare all other 

results to this result. We could conclude that in this case study, the closest results to 

Kaplan Meier method are obtained by indirect simple method, and by actuarial 

indirect method, while the most far away were results obtained by direct actuarial 

method. One should be aware that this is not always so. The results depend on number 

of events and number of censored cases. When the events are rare and there is no 

censoring, the discrepancy tends to be smaller (12). 

 

 

EXERCISE 

Data set 
In Figure 3, another imaginary data-set is presented. Again, a cohort of 20 individuals 

initially without a disease under observation, were followed up for 5 years. 

 

 

Task 1 
For the data set presented in Figure 3, calculate cumulative risk using simple method: 

 directly, 

 indirectly by calculating annual risks first. 
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Task 2 
For the data set presented in Figure 3, calculate cumulative risk using actuarial 

method: 

 directly, 

 indirectly by calculating annual risks first. 

 

 
Figure 3. Graphic presentation of events in a cohort of 20 people. LEGEND: ▬ the 

period of exposure to the effect of the noxious agent (being at risk of 

developing a disease under observation before an event occurred) in 

individiuals that developed the disease under observation; ▬ the period of 

exposure to the effect of the noxious agent (being at risk of developing a 

disease under observation before censoring occurred) in individiuals that were 

lost to follow-up (voluntarily withdrawal from the study or change of 

domicile). 

 

 

Task 3 
For the data set presented in Figure 3, calculate cumulative risk using density method: 

 directly, 

 indirectly by calculating annual risks first. 
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Task 4 
For the data set presented in Figure 3, calculate cumulative risk using Kaplan Meier 

method. 
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