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5.1. Introduction. 

In Unit- 4, we had seen that after having collected the data in any epidemiological or medical research study, we summarise the 

large collection of information, by way of certain “summary figures”.  Depending on the scale of measurement used, these 

summary figures can be: 

 For variables measured on quantitative continuous and discrete scales, the summary figures will be mean and the 

variability denoted in terms of variance or Standard Deviation. 

 For variables measured on quantitative, ordinal scale, the summary figure will be median and the variability expressed 

in terms of centiles, inter-quartile range, etc. 

 For variables measured on a qualitative scale (i.e., dichotomous or polychotomous scales), we summarise the data by 

calculating either of ratio, proportion or rate. Usually, we calculate either proportion by counting the number of subjects 

with the disease or health outcome and placing this count in the numerator, and dividing it by the total number of 

subjects studied as the denominator. In case we can relate this proportion to a unit of time, then we calculate the rate, 

instead of a proportion.  

It was also seen in Unit – 4 that in epidemiology and medical research, it is the dichotomous scale which is of maximum 

importance because most of the times in epidemiology and research we would be mainly interested in knowing whether a given 

disease, or any other health related outcome of interest has occurred or not. Thus, while evaluating the effect of a possible risk 

factor like smoking, we would be finally interested in finding out whether lung cancer occurred or not; Evaluation of an 

anticancer drug would have a final interest as “died or survived” and, vaccine trial with a new meningococcal vaccine would 

aim at finding out whether the subjects developed meningitis or not. Thus, in most of the “usual” settings of epidemiology and 

health research, the final “outcome” (i.e., occurrence of disease / death, or relief from disease) is generally measured on a 

dichotomous scale. Now, while “outcome” forms the ultimate end of medical research, the starting point is what we call as 

“exposure” or “cause”, the desire in medical research being to see whether a particular “exposure” leads to a certain “outcome”. 

Thus, in the above example, smoking, anti-cancer drug, and meningococcal vaccine are the “exposures” for the respective 

“outcomes” of Lung cancer, cure from cancer and prevention of meningococcal meningitis. It would also be appreciated that 

like the outcome, in most of the usual research situations, the exposure is also generally measured on a dichotomous scale (eg., 

smoker / non smokers ; new anti-cancer drug given / not given ; Vaccine given / not given). As a result of the usual dichotomy 

of the exposure as well as the outcome in most of the epidemiologic and research settings, there results the 2 x 2 table, which is 

the most basic form of presenting and analyzing the data, and which we already introduced in Unit – 4. 

In the process of developing summary figures in the process of reasoning in epidemiological and medical research, 

there are three types of summary measures which are calculated in a sequence, as follows: 

 Summary measure of “frequency” of the disease or “outcome” which is of interest to us in the research work, by relating a 

numerator to a denominator. These are the measures of “outcome or disease” frequency” and at the very basic level consist 

of two types – the incidence rate which refers to development of new cases of the outcome / disease out of those who were 



identified to be at risk of developing the outcome at the start of follow up, and involves a clearly defined follow up over a 

period of time. The second is “prevalence” in which there is no follow-up for any defined time, but which involves 

identifying the total number who are found to be having the outcome / disease of interest out of the total examined. Both 

incidence and prevalence have their sub-types. 

 Measures of “risk ratio” which compare the two incidences or prevalences of disease or outcome – one in the group having 

the suspected exposure or “cause” and the other not having it. These are also called as measures of “association” or “effect” 

since they also give an idea of the strength of association between the exposure and the outcome variable. These measures 

are the “Relative Risk” (also called as “risk ratio” or RR) in a forward moving study which calculates the incidences in the 

two groups – one with the exposure variable and the other without the exposure variable. In a backward study which is 

classically exemplified by a case-control study, the Odds ratio (OR) is calculated, which, under certain assumptions being 

fulfilled, is a valid estimator of the RR. In a cross-sectional study in which the exposure and outcome are assessed for their 

presence or absence at a common point of time, we calculate the “Prevalence Odds ratio” as the measure of risk ratio or 

association. 

 Measures of “Risk Difference (RD)” which measure the absolute difference in the incidences of outcome or disease between 

the exposed and unexposed groups. These are also called as measures of “impact” and tell us “how much more, in absolute 

terms” is the risk of disease /outcome higher among exposed group as compared to unexposed group, in contarst to measures 

of risk ratio which answer the question “how many times more is the risk”. The simplest and the most commonly used of 

these measures of RD is the “Absolute Risk” (AR) which is the absolute difference between Incidence in the exposed group 

(Ie) and incidence in the non-exposed group (Io). The other measures of RD are AR% (also called Attributable Fraction in 

the Exposed (AFe) or Etiological Fraction - EF), the Population Attributable Risk % (PAR%) and the Population 

Attributable Fraction (PAF). There are also specialized measures of RD used in clinical (drug) trials and preventive (vaccine) 

trials, namely the Numbers Needed to Treat (NNT) and the Preventive Fraction (PF) or Vaccine Efficacy (VE). 

In this unit, we will discuss in details as to how we measure, in the form of summary figures, the frequency of “outcome” 

(or disease) and how do we see the association between the exposure and the outcome variables which have been studied in the 

particular epidemiological research work, by calculating the measures of risk ratio and risk difference. 

5.2. Objectives. After studying this unit, the students should be able to have a basic understanding of: 

5.2.1.  Measures of frequency of disease / outcome. 

5.2.2. Incidence & Prevalence, their definition, calculation, and uses. 

5.2.3. Differences between incidence rate and prevalence. 

5.2.4. Cumulative Incidence, Incidence Density, Point prevalence, & Period prevalence. 

5.2.5. Settings of a 2 X 2 table 

5.2.5. Measures of Risk Ratio - Relative Risk (Risk Ratio), it’s basic concept, calculation and interpretation. 

5.2.6. Odds Ration and Prevalence Odds Ratio. 

5.2.6. Measures of Risk Difference - Attributable Risk, Etiological Fraction, Population Attributable Risk%, Population 

Attributable Fraction, Preventive Fraction / Vaccine Efficacy and, Numbers Needed to Treat. 

 

Part – 1: MEASURES OF FREQUENCY OF DISEASE / OUTCOME 

5.3. The two basic measures of frequency in epidemiology and medical research :-  

Just to recapitulate, in Unit-4 we had discussed in detail that for variables which are measured on quantitative scale, we need to 

summarise them by converting them into a “frequency measure” by relating the “numerator” (which is usually the number of 

subjects having the outcome of interest) to a “denominator” (which is usually the total number of subjects studied in the 

epidemiological / research work). Depending on the choice of the numerator and denominator, such frequency measure can be 

either a “ratio”, “proportion” or “rate”. With this background, we will now discuss the two most basic (but, at the same time, the 

most important) measures of disease frequency used in epidemiology and medical research. Let us start with a hypothetical 



example. This time our interest was in measles. We took a sample of 1000 children aged 1 to 2 years from a rural community. 

We did a clinical assessment of all these 1000 children and found that 10 of them were suffering from measles at that point of 

time. In addition to these 10, another 40 had already suffered from measles earlier, while yet another 50 had received measles 

vaccine. Thus, these (10+40+50) = 100 children, we no longer “at risk” of getting measles; the remaining 900 were “at risk” of 

the same. We now followed up these 900 children for a period of 1 year and found that over this one year period, 90 developed 

measles. This is shown in figure 5.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4. Prevalence.  Now, the ‘frequency’ of children who were having measles at the time of the first medical examination (on 

1.1.16), was 10/100 or, 0.01, or 1%. This is what we call “prevalence”, a very common measure. Thus, prevalence is the 

proportion of persons “having” (i.e., found to be present with) the disease (or any other health related condition of interest), out 

of the total subjects of the study, Thus,  

     No of Subjects who are having the  

        Prevalence   =       disease at that point of time 

     Total no of subjects studied     

5.5. Incidence. On the other hand, out of the 900 children who were initially at risk of developing measles, 90 developed the 

same over a period of 1 year. Thus, the “rate” at which susceptible children would develop measles is 90/900, i.e., 0.1 or 10% 

over a one year period. This is the second important measure of disease frequency – the “incidence”. Incidence is thus defined 

as the rate at which new cases of the disease of interest will occur out of those who were initially “at risk” of developing it, over 

a given period of time. The specification of time is very important for incidence – an incidence of 10% over a 3 year period will 

have very different implication compared to an incidence of 10% over a 1 year period. Thus, 

      No. of new cases of the disease 

        Incidence     =       occurring during a defined period of time. 

     No. of people “at risk” of developing 

     The disease at the start of follow up  

 

Fig – 5.1: Frequency Measures 
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5.6. Differences between Incidence and prevalence.  It needs no emphasis in stating that the epidemiologist as well as 

any medical research must clearly appreciate the difference between incidence and prevalence. The differences are clarified in 

the succeeding paragraphs :-  

5.6.1. Number of times the study subjects have to be examined – When we are working out ‘prevalence’ the subjects in our 

study are examined only once. For instance, in the above example on measles, when we worked out the prevalence as on 1-1-

16, we examined all the 1000 children once, and during this single examination, all those who were found to be having measles 

(i.e., 10) were included in prevalence. It may be mentioned at this juncture that while the process of examining 1000 children 

would have certainly taken a few weeks (or even months), the fact remains that each child was examined only once while we 

were working out “prevalence”. This is also called as “point-prevalence” in which we assume that the prevalence of 10/1000, 

i.e., 1% was as on 1-1-16, though the entire examination / survey might have taken a month or more. On the other hand, in 

contrast to prevalence, when we are working out “incidence”, we have to examine each subject in our study at least twice – once 

initially to exclude the presence of the disease (i.e., we will ensure that only those who are “at risk” of developing the disease 

are followed up); subsequently, we will make at least one more examination of all these children being followed up, say during, 

or on completion of, the follow-up period, to see whether they have developed the disease of interest or not. Thus, in our above 

mentioned example on measles, each of the 1000 subjects in our study were examined on two occasions – once initially, by 

which we excluded the 100 subjects who were not at risk of developing measles, and subsequently, we undertook at least one 

more clinical examination of the 900 children who were being followed up, to find out whether measles occurred during this 

period or not. 

5.6.2.  “Snap-Shot” versus “Movie-film” – If you were shown a photograph, as appearing in a newspaper of two mountaineers 

standing on the summit of a mountain, smiling with satisfaction, your reaction might be that climbing mountains is a nice sport 

which gives tremendous fame as well as satisfaction.  However, if we show you a movie film of the entire mountaineering 

expedition, you would see that a group of 20 mountaineers started climbing the peak; during the 10 days of climb, you would 

see, in the movie, 4 of the young men falling down the slopes, 4 dying of ill effects of high altitude, 4 being evacuated to the 

base camp due to serious diseases, another 6 coming down gradually with frost bite and gangrene, and finally the 2 beaming 

young men making it to top (you saw this final event in the newspaper). After seeing this movie film, your attitude towards 

mountaineering will be quite different than what you had developed after seeing the newspaper photo. This is exactly, another 

important difference between incidence and prevalence. Prevalence, like a snapshot, tells you the “state of affairs” as they exist 

at a given point of time, but does not tell you anything as to how the things occurred till that point of time. On the other hand, 

incidence, like a movie film tells us the exact course of events. Let us say, we examined 1000 subjects and found that 10 of them 

have AIDS. Thus, the prevalence is 0.01 (or 1%). However this prevalence of 1% does not tell us anything as to how the disease 

has occurred, what course it has taken, how many persons have already died of AIDS, what was the time taken to develop AIDS, 

and so on. For answering these questions, we will have to take a group of, say 1000 persons, who have only recently been 

infected with HIV (AIDS virus), and then follow them up for a period of about 10 years. It follows, therefore, that for studying 

the “natural history” of a disease, or when studying the role of prognostic factors in a disease, it is the incidence which should 

be considered and not the prevalence. 

Activity 5.1 

 After reading the above narrative, write down the main points of difference between 

incidence and prevalence. 

 

_____________________________________________________________________  



5.6.3.  The difference between “state” and “occurrence” – Prevalence gives us the state of affairs as they exist but not how such 

state of affairs evolved (which is given by incidence). This gives the prevalence a special advantage – by describing the existing 

“load” of disease, or the “available resources”, prevalence is of much importance to the management / administration of health 

& hospital services. 

5.6.4. The lack of “temporality” in prevalence – In most of the situations, the medical researcher has the prime objective of 

establishing a “cause and effect” relationship, say between a risk factor and a disease, or between a particular drug / vaccine and 

subsequent cure / prevention. While the details of “cause and effect relationship” will be discussed in a subsequent unit, at this 

stage it would be optimum to state that one of the most important issues in proving cause and effect relationship is to demonstrate 

the “temporal relationship”, which in simple terms means that we need to give reasonable (if not conclusive) evidence that the 

postulated “cause” preceded the hypothesized “effect”. Take a simple example – putting on the switch is the “cause” of an 

“effect”, i.e., the lights coming on. Now, ideally to demonstrate this relationship, we should ensure that, to start with, the switch 

is off and the lights are off (apparently, they will be). Now, we put on the switch, and this cause (or, exposure) is followed by 

the effect (or outcome) in the form of lights coming on. This is what incidence can demonstrate, because in incidence we start 

from a point when none of our subjects have the outcome or disease, and then follow them up from the point they get the cause 

(or exposure) till they develop (or do not develop) the outcome (or disease). On the other hand, imagine a situation in which 

both the switch as well as the light is on. In such a case, the cause and effect relationship is more of a common sense judgment, 

but not finally proven – anybody can contest it by saying that probably the light come on first and the switch is put on later (i.e., 

coming on of the lights may be the “cause” of the switch being put on!). This reasoning would definitely sound stupid but 

medical research is full of instances wherein such confusion can occur. As an example, consider a prevalence study in which the 

prevalence of persons with psychiatric illness was found to be higher among those from poor economic class. The conclusion 

drawn was that poverty (cause or exposure) leads to psychiatric illness (effect or outcome). However, this is more of a common 

sense conclusion and not a proof since anybody can, very rightly so, object by saying that the sequence of events may be the 

other way round – it may be the psychiatric illness that came first (i.e., was the cause) and it led to poverty (i.e., the effect) 

because of loss of job, etc. It follows, therefore, that when the purpose of a research is to establish a cause and effect relationship 

(e.g. risk factors for a disease, effects of a new drug or therapy, effects of preventive measures etc.), it is the incidence which 

proves the point; with prevalence, it is more of a matter of informed guess work or common sense judgment (and common sense 

may not always be correct). 

5.6.5. The dependence of prevalence on incidence as well as on factors determining the “course” of the disease – Consider the 

hottest thing in nature – the sun. The heat that we would have felt if we were standing on the sun itself needs no description. 

However, the heat that is ultimately felt by us, standing on the earth is dependent, besides the original heat that is present in the 

sun, on various other factors which modify this heat energy during the course of it’s reaching us (e.g.. clouds, rotation of earth, 

atmospheric pollution, etc.) This is precisely another difference between incidence and prevalence. Incidence, like the original 

“at source” heat of the sun is a true reflection of how the disease of interest is “occurring”. On the other hand, prevalence, like 

the heat felt by us on the earth is dependent on, firstly the incidence itself, and secondly, the factors which determine the “cause” 

and “course” of the disease. Such factors determining the course of the disease are the following” –  

5.6.5.1. The “survivorship” from the disease – If the disease carries a high fatality (eg., Acute heart attack, Rabies, 

Encephalitis, Stroke, Road accidents) the prevalence will be low despite a high incidence, because cases may 

“occur” in large numbers; however, many would die within a short duration of their onset, and when we do a “one 

time assessment” during a prevalence study, we would find only those who have been able to survive the disease 

attack.  

5.6.5.2. The “duration of the disease – If the disease takes a prolonged duration in its natural course (eg. Leprosy), the 

prevalence will be high despite a low incidence because more and more of the cases will keep on getting added on 

to the “pool” of disease. On the other hand, if the disease has a short duration (eg., common cold, most of the other 

acute infectious diseases etc.), the prevalence will be low despite a high incidence. Let us have a look at the 



example, as depicted in figure 5.2. If the total population in this hypothetical follow up from 1st January to 31st Dec 

2016 is 100 people and 10 cases of common cold occurred, then the incidence will be 10 ÷ 100 = 0.1 or 10% in a 

year, but the prevalence at any given point f time (say 01st july) will be only 1 ÷ 100 or 1%. 

  In the above example, in a study sample of 100 subjects, there were 10 new cases of common cold during the 

one year period from 1-1-95 to 31-12-95. The incidence was, thus, 10/100 = 10%. Now, a prevalence study on the 

other hand would be done at a given point of time. Let us say, we decided to do a prevalence study on 1-7-95. on 

this date, we would find only 1 case (case no 6); thus the prevalence would be 1/100 = 1%.  

  In fact, the relationship between prevalence, incidence and duration of a disease is so characteristic, that if the 

conditions are stable, i.e., there has been no change in the natural history of disease due to, say better treatment, 

and there was been no change in the population “at risk” (as may occur during natural disasters) and the prevalence 

has been low (i.e., <10%), then,   

 

    Prevalence = Incidence x Duration    

 

c) The availability of treatment – The third factor, besides survivorship and duration, which affects the relationship 

between incidence and prevalence, by affecting the course of the disease is availability of treatment. Take the 

example of various chronic diseases like Diabetes, Mellitus, Hypertension, Bronchial asthma etc, where availability 

of modern treatment has prolonged the life. Apparently, the prevalence of such diseases will be high despite a low 

incidence. 

 

 

 

 

 

 

5.6.6. The difference between “proportion” and “rate” – Prevalence, as it is apparent by now, has a numerator and a denominator, 

the numerator being included in the denominator; hence it is a “proportion”. However, since it does not have any unit of time 

measure attached to it, it is not a “rate” (though, quite often, it is erroneously called as “prevalence rate”). It is thus a 

“probability statement” of being found with a disease condition. For example, if we examine 100 patients of viral hepatitis in 

our medical wards and find that one of them is having clinical evidence of hepatic (liver) failure, the prevalence of hepatic 

failure out of all cases of viral hepatitis is 1/100 or 1%. It means that the chances (or, probability) of any patient of viral 

hepatitis having hepatic failure at any given pint of time are 1%. However, it does not mean that only 1% of all patients with 

viral hepatitis will develop hepatic failure; some of them might have already died before we did our prevalence study. 

however, this value of prevalence = 1% is of importance to the hospital administrator since he would know that at any given 

point of time he is likely to have one patient of fulminant hepatitis out of every 100 patients of viral hepatitis present in the 

medical wards, so that he can make necessary planning of intensive care facilities accordingly.  

  Incidence, on the other hand, has a time-measurement attached to it and hence, it is truly a “rate”. Let us say, we follow 

up 100 cases admitted, to our medical wards with the diagnosis of viral hepatitis, from the day of their admission for a period 

of one month, and 5 of these 100 patients develop clinical evidence of hepatic failure over the observation period of one 

month. The incidence of hepatic failure among cases of viral hepatitis is therefore 5/100 = 5% over a 1 month period. We 

would thus conclude that a patient who is admitted to our medical wards with a diagnosis of viral hepatitis has an overall 5% 

risk of developing acute hepatic failure over a period of 1 month. 

5.6.7. The problems with diseases having a waxing and waning course – Let us consider a disease like Rheumatoid arthritis, 

which shows phases of remission (when the disease is inactive, i.e., not apparent) and relapse (when the symptoms are 

INCIDENCE, PREVALENCE AND DURATION 
(FIGURE 5.2)  

     >----- # (1) 
 >----- # (2) 
  >----- # (3) 
       >----- # (4) 
         >----- # (5) 
     >----- # (6) 
 
      >----- # (7) 
        >----- # (8) 
 
             >----- # (9) 
                  >----- # (10) 
  I-------------------------------------------------I------------------------------------------I 
    1.1.16                        1.7.16                    31.12.16 

 

LEGEND :- > = ONSET; # = CURE FROM COMMON COLD 
(Nos. in brackets show cases of common cold,  chronologically, as they occurred in 2016) 
 

 

 

 

 

 

 

 



apparent)  in its clinical course. A prevalence study, being a “one point of time” study, will identify only the cases who are 

in relapse phase. However, an incidence study will start from a point when nobody has the disease and then follow up all the 

subjects for a reasonably long period of observation, so that all those who have to develop the disease will do so, and will be 

identified in the study. Thus an incidence study will identify all the subject in the study who develop the disease, in those 

diseases which show a waxing and waning course.  

5.6.8. The cost factor – Despite the various drawbacks, prevalence has the advantage, over incidence, that it is easy to measure 

with little cost and effort. Incidence studies, on the other hand, require assembling of a group, initially free of the disease, and 

subsequently following it up for the relevant period of time. This “relevant” period may be very long for diseases like cancers, 

IHD etc. Therefore, the cost and logistic efforts in incidence studies are very high. 

5.6.9. Estimate of “risk of developing a disease” versus estimate of “probability of being found with a disease”. Incidence gives 

us the estimate of risk of developing a disease or outcome of interest while prevalence gives us only the probability of being 

found to be having an outcome or disease of interest. As explained in above example, incidence told us that the “risk” that a 

given group of persons with viral hepatitis has of developing acute fulminant hepatitis over a given period of time, while 

prevalence only told us the probability of being found with acute fulminant hepatitis among patients who have viral hepatitis, 

at a given point of time. 

 

5.7. The Two Types Of Incidence Measures.  Having made a detailed discussion on incidence and prevalence, let us 

now deliberate upon the two types of measures of incidence used in epidemiology and medical research. These are Cumulative 

Incidence and Incidence Density.  

5.7.1. Cumulative Incidence (CI). Let us take a situation in which the disease is such that the period of follow up required is 

short, at the most 3 to 5 years (eg., risk factors / natural history / prognostic factors / therapeutic and preventive trials in case of 

most of the infectious diseases, obstetric (maternity) outcomes, pediatric (child diseases) settings etc.). Secondly, we should be 

having reasons to believe that the subjects in the sample being studied are fairly ‘stable’. i.e., in general, they will not be leaving 

the study group during the follow up period and new subjects from outside will not keep on entering the study sample. If these 

two assumptions (reasonably small period of follow up and stable or ‘fixed’ study population) can be made in our research work, 

then the incidence rate in such settings would be measured as “Cumulative Incidence” (CI). The definition of CI is exactly the 

same as we had used to define “incidence” earlier in this chapter. i.e.,  

    No of people who develop the outcome of interest 

   CI  =  over the specified time period of follow up 

    Total no of people who were “at risk” of developing  

    the outcome at the start of follow up 

  The CI gives the “risk” of developing the disease (or any other outcome that is of interest to us in the research), over 

the specified period of time. In our example on the study of measles earlier in this chapter, the CI was 90/900 = 0.1, or 10% over 

1 year. This means that a child aged 1 to 2 years, (who is at risk of developing measles, in that he has neither been vaccinated 

nor earlier suffered from measles) has 10% “risk” or “chance” of developing measles over the next 1 year. Since CI measures 

the risk, it is also often called as “Risk Rate” or simply “risk” in epidemiologic and research terminology.  

Activity 5.2 

 It has been said that for proving a “cause and effect relationship”, it is incidence 

which is much more reliable than prevalence. In the light of above discussions made 

on differences between incidence and prevalence, give your comments on this 

statement, giving reasons. 



5.7.2. Incidence Density (ID).  Recent advances, especially during last 4 to 5 decades following increasing interest in 

chronic diseases, have been responsible for forwarding the concept of ID. Let us say, we are following up the subjects for a 

disease or outcome which, firstly, takes long time to develop (as CHD, effects of drugs in therapy of cancers etc.). Secondly it 

will not be possible to follow up each and every person till the end point of the predicted period of follow up, which may be as 

much as 10 years or even more. Thus, what will happen is, that a number of subjects on whom the study is started will go out of 

the study group (due to migration to some other place, development of the outcome of interest, death due to some other disease 

etc.) before the specified period of follow up is completed. Similarly, new subjects will keep on entering the study group for 

being followed up, as the study progresses. A hypothetical situation that will result is presented in figure5.3:  

Figure 5.3: Follow up study to determine ID of Cancer (CA) Cervix of Uterus 

    Subject  Follow up details for CA Cervix    Total time of  

    No           Observation 

                 

   1   > -------------------------------------------------------------O  10 Years 

   2   > -------------------------------------------------------------O  10 Years 

   3   > ----------------------------X      5 Years 

   4   > ------------------------------------?        7 Years 

   5   > -----A         1 Year  

   6    >-----------------------------------------?    7 Years 

   7    >-----------------------------------------------------O   9 Years 

   8            >-----------------------------------------------O   7 Years 

   9        >----------------------------X    4 Years 

   10        >------------------------------------------O   6 Years 

 Year 1980          81    82    83    84    85    86    87    88    89    1990   66 Years       

 

Legend  :- 

   > = Follow up starts  

   O = Follow up ends, subject remains without cervical CA 

   A = Subject died due to some disease 

   ? = Subject was lost to follow up 

   X = Subject developed CA cervix 

 We started the above study to find out the incidence of cervical cancer. Naturally, we started with ladies who were “at risk” of 

developing the disease (i.e., were not already suffering from cervical cancer, had an intact uterus and were more than 35 years 

of age). We planned to have a 10 years follow up, from 1.1.80 till 1.1.90. When we started our study we had 5 subjects (subject 

nos. 1 to 5), on whom we started the follow up on 1.1.80, after excluding any evidence of existing cervical cancer. In addition, 

5 more subjects (subject nos. 6 to 10) entered our study at different points of time. Subject no. 1 and 2 were followed up till the 

end (i.e., till 1.1.90), for 10 years each and none of them developed cervical cancer. Subject no. 3 was followed up for 5 years, 

when finally on 1.1.85 she was found to have developed cervical cancer. The fourth subject was followed up for 7 years, till 

1.1.87, after which she migrated to some other country (i.e. lost to follow up). The fifth subject could be followed up for only 

one year since on 1.1.81 she died of some other disease (say, vehicle accident). Subject no. 6 and 7 were enrolled in our study 

on 1.1.81. The former was followed up for 7 years till 1.1.88; thereafter she migrated to some other place. The latter was followed 

up till 1.1.90, i.e. for 9 years and did not develop cervical cancer. The eighth subject entered the study on 1.1.83 and did not 

develop cervical CA till 1.1.90, i.e., after 7 years of follow up. The ninth and tenth subjects were enrolled in our study on 1.1.84; 

the former was followed up for 4 years, when on 1.1.88 she was detected to be having cervical cancer, while the latter completed 



6 years of follow up till 1.1.90 without developing cervical cancer. Now, the total time of follow up given by our subjects was 

(10+10+5+ ………. +4+6) = 66 years (or better called as 66 person years). Out of these 66 “person-years” of follow up, 2 new 

cases of cervical cancer occurred among our subjects, who were initially “at risk” of developing cervical cancer. The incidence 

Density of Cervical Cancer from our study is thus, 

 ID = 2/66 Person years = 0.03 per person year. (The above figure is also written as 0.03 per PY-1). 

 Multiplying by 100, we get the TD = 3 per 100 person years. This means that in that particular age group of ladies, 

there will be 3 cases of cervical cancer if 100 person – years of follow up is done. Of course, such 100 person years can be 

achieved if 10 ladies are followed up for 10 years each or if 4 ladies are followed up for 25 years each. 

 ID thus gives the idea of an “instantaneous change” in the rate of a disease at a given point of time, corresponding to 

the statement “the speed of my car is 60 kilometers per hours” gives an idea of the instantaneous change at which our vehicle is 

moving. Thus, if we find that the ID of cervical cancer in another country is 6 per 100 person years, it indicates that at any given 

point of time, cervical cancer is occurring at a much faster speed (i.e., twice the speed or rate) as compared to our study population 

in  which we found the ID to be 3 per 100 person years. The ID thus gives the “forces of morbidity” (or force of mortality) due 

to a disease at given point of time. ID is also often called as “person – time incidence rate” or “Risk – Density”, in epidemiologic 

and medical research practice.  

5.8. Which incidence measure to use : CI or ID. In most of the “usual” settings of epidemiology and medical research, we can  

reasonably assume that our study subjects form a “fixed, stable population”, i.e., there will be only minimal movements in the 

form of new entries and exits during the intervening period of follow up. Secondly, in most of the usual medical and health 

settings, (risk factors for infectious diseases / non communicable diseases which do not take more than 3 to 5 years to develop / 

pediatric and obstetric studies / drug trials / trials of operative procedures etc), the period of follow up is not very long, rarely 

beyond 3 to 5 years. In all such settings, CI is the preferred measure of incidence. On the other hand, if our research work is 

going to have a prolonged period of follow up because the outcome of interest has a long “latent” or “induction” period, (e.g., 

IHD, Neoplasms (Cancers), Stroke, Chronic lung disease, etc.) and there is likelihood, as given in the above example, that 

subjects will keep leaving the study group or keep entering during the intervening period of follow up, then ID is definitely the 

better measure of incidence. 

5.9. The Two Types Of Prevalence Measures.  Like the incidence measures, prevalence measures are also of two types – 

point prevalence and period prevalence. 

5.9.1. Point Prevalence. The word ‘prevalence’, as we described earlier, refers to “point prevalence”. Thus, the number of cases 

of the disease refer to a single point of time, though, of course, the actual study on such prevalence may take a long time - may 

be months or even years. The essential feature is that while the actual process of assessment for presence or absence of the 

disease in the sample may take many months, the study subjects are examined only once, and the study is deemed to have taken 

place at a particular point of time. 

5.9.2. Period Prevalence. Period prevalence is actually more of academic importance. It essentially involves calculation of both, 

the point prevalence at the time of starting the study, as well as the incidence over the subsequent period of follow up. A 

combination of the initial point prevalence and the subsequent incidence gives us the period prevalence. Let us illustrate this 

with an example. With an interest in Leprosy, we did a point prevalence study on 1.1.16 on a sample of 100 subjects and found 

that there were 10 patients of leprosy present at that of time (through the actual conduct of this survey may have taken 1 month, 

say, from 15-12-15 to 15-1-16, but this would be basically taken as a point prevalence as on 1-1-16). Now, having identified the 

10 prevalent cases on 1-1-16, we followed up the remaining 90 cases (who were at risk of developing leprosy) for a 1 year 

period, till 31-12-16. During this 1 year period, 9 new cases of  leprosy occurred out of the 90 at risk, while 3 cases out of the 

10 cases found on 1-1-16 died during this period. The findings are summarized below :-  

a) Total Sample = 100 

b) Cases found present on 1.1.16 = 10 

c) Persons “at risk” on 1-1-16 = (a – b) = 90 



d) New cases of leprosy developing between 1.1.16 and 31.12.16, out of (c) above = 9 

e) Old cases of leprosy, out of (b) above who died during the period = 3 

f) Cases of leprosy present on 31-12-16 = (10 – 3 + 9) = 16. 

Thus, 

a) Point prevalence as on 1-1-16 = 10/100 = 10% 

b) Cumulative Incidence for 1 year period of 1-1-16 to 31-12-16 = 9/90 = 10% per year 

c) Period prevalence = (Initial Point prevalence + Incidence) =  

 (Cases existing at start + new  Cases occurring during follow up) ÷ Total population at start of study     

         = (10 + 9) ÷ 100 = 0.19 or 19%             

d)  Point prevalence on 31-12-94 = (No. of patients present on 31-12-94) ÷ Total population present on 31-12-94                     

          =     (10 + 9 – 3) ÷  (100-3)               16 / 97 = 15.9% 

5.10.  Relationship between duration of disease, incidence and prevalence. If the disease is ‘stable’ i.e., there are no deaths 

occurring due to the disease and there is no likelihood of a change in the natural history of the disease in future (e.g., due to 

possible introduction of some new, effective therapy), than the prevalence can be calculated as follows :- ( Prevalence = 

Incidence X Duration). In our above example, prevalence after 5 years, i.e., on 31.12.99 will be 

 Prevalence = (Incidence X Duration) + (Initial Prevalence)  

 Now, Point prevalence as on 31-12-94 = 15.9% (say, 16%); Incidence = 10% per year; Duration = 5 years 

Thus, prevalence on 31-12-99 = (Initial Point Prevalence) + (Incidence x Duration)  = 16 + (10 x 5) = 66%  

(Students should note that incidence and duration should be measured in the same units of time, e.g., in this case, both are 

measured in years). 

 

 

 

 

 

 

 

 

5.11. Check your progress -1. 

1. Which is the correct statement: (a) incidence is a rate while prevalence is a proportion (b) incidence is a proportion while 

prevalence is a rate (c) Both are proportions (d) Both are rates (e) They are neither rates nor proportions but are ratios. 

2. Which of the following measures of disease frequency has “Person-Time” as the denominator: (a) Cumulative incidence (b) 

Incidence density (c) Period prevalence (d) Point prevalence (e) Mean. 

3. Which is the best measure for frequency of a disease which is of utility to health administrator for assessing the load of a 

particular disease: (a) Incidence density (b) Cumulative incidence (c) Prevalence (d) Mean value (e) Median value. 

4. Which of the following measures of disease frequency are hardly ever used in bio-statistical work: (a) Incidence density (b) 

Cumulative incidence (c) Point Prevalence (d) Mean value (e) Period prevalence. 

5. Which of the following is the essential measure for assessing the natural history of disease or prognosis of a disease: (a) 

Incidence density (b) Cumulative incidence (c) Prevalence (d) Mean value (e) Median value. 

 . 

Part – 2: MEASURES OF ASSOCIATION (MEASURES OF RISK RATIO) 

5.12.  Why to measure “Risk Ratio”? In the previous few units we have seen that the epidemiologist or researcher specifies 

the “variables” which are of interest to her in her particular research question, specifies the “scales of measurement” of these 

variables, collects the “data” on the variables as per the scale of measurements and finally, the data is reduced to summary 

Activity 5.3 

 Name one disease each in Indian context which have the following characteristics: 

o High incidence and high prevalence 

o High incidence and low prevalence 

o High prevalence and low incidence 

o Low incidence and low prevalence 

(Hints: select between Common Cold, Tuberculosis, Leprosy and Zika Virus 

Disease)  



figures as “mean” if the variables were measured on a continuous or discrete scale, or, as “proportions” or “rates”, (as “incidence” 

or “prevalence”). If the data was recorded on categorical – dichotomous or polychotomous scale). The conclusions which the 

researcher would derive would be in the form of the following statements, for example :-  

 ----- The serum cholesterol among patients of stroke was found to be 280 mg/dl. Thus, patients with stroke have a high 

serum cholesterol; hypercholesterolaemia, therefore, MAY be important in the etiology of stroke. 

Or 

 ------ The proportion (prevalence) of obesity among patients of I.H.D. was found to be 60%. Thus, the prevalence of 

obesity among patients of I.H.D is quite high. Obesity, therefore, MAY be a risk factor for I.H.D. 

Or 

 ------- The incidence rate of acute glomerulonephritis (AC.GN) among children who suffered from streptococcal sore 

throat was found to be 20% over a follow up period of 5 years. Streptococcal sore throat MAY therefore be of importance in the 

causation of AC.GN. 

 Our results, in the form of summary statements, given above, thereby “describe” the phenomena of interest (Serum 

cholesterol in stroke etc.). In addition, they help us to develop certain guesses or hypothesis about “cause and effect” relationship, 

e.g, “Serum Cholesterol MAY have a role in the etiology of stroke”.  However, mark the word “MAY”. While we do get an 

indication that possibly a cause and effect relationship may be existing, i.e., we are able to develop a hypothesis, however, there 

is no proof of the cause and effect relationship. So what if the mean Serum Cholesterol in stroke patients is 280 mg / dl ? It may 

be 285 mg / dl among healthy people of the same age group. In that case, nobody would agree to an etiologic role of serum 

cholesterol in stroke. Similarly, if the incidence of AC. GN among children who suffer from streptococcal sore throat is 20%, 

we would certainly be able to develop a hypothesis that streptococcal sore throat may be having some role in the pathogenesis 

of AC.GN; however, this point is not yet proved, because it may so happen that the incidence of AC.GN among children who 

do not suffer from streptococcal sore throat may also be 20%. In that eventuality we would not give any consideration to 

streptococcal sore throat as a precursor of AC.GN. To summarize, once we have summarized our data in the form of summary 

expressions like “mean”, “prevalence” or “incidence”, we are able to “describe” the phenomena of interest and also develop 

certain “hypothesis” regarding possible “cause and effect” relationship. However, the final proof of such hypothesis will involve 

a “COMPARISON”, wherein we would have to prove that the “outstanding phenomena” that we have observed (e.g., 20% 

incidence of AC.GN in sore throat) are really “outstanding”, in that while the incidence is high in children with a history of sore 

throat. It is low (say, 5% only) among children who do not have such a history. In other words, our summary measures of disease 

frequency  (incidence or prevalence) help us develop a hypothesis; to finally accept or reject such hypothesis, we have to proceed 

with “comparative measurements”. Once we compare the disease frequency (incidence or prevalence) among two such group, 

we get another “summary expression” which tells us the extent of “association” or “effect” or “increased risk”; this is the topic 

of deliberations in the present section of this unit. 

5.13. The Preliminary method of making “comparisons” :- Looking for significant difference.  As you would recall that 

the measurements in respect of various variables can be made, in general, on either of  Numerical – Continuous, Numerical – 

discrete, Numerical – ordinal, or else on categorical scales (qualitative) (of which the dichotomous scale is the most common). 

Depending on the type of scale that has been used, the comparisons between two groups can be made as follows :-  

5.13.1. When the variable have been measured on a numerical continuous or numerical discrete scale. Take an example 

of a research question for studying whether Breast CA is related to the number of living children (a numerical discrete variable) 

born to ladies. In such a study, we could take two groups of ladies, one having Breast CA and the second group not having the 

same (to serve as “comparison” group). We would then take the history of number of live births from all the subjects and work 

out the average number of children in Breast CA group as well as in the healthy group. Using the procedure explained in a 

subsequent unit, we would compare the “means” of the two groups by a ‘t’ test to see whether the average number of children 

in Breast CA group is “significantly different” from the healthy group.  Similarly, to answer the research question regarding 

role of serum cholesterol (a numerical – continuous variable) in the etiology of stroke, we would take a group of patients and 



also a group of healthy persons, measure their serum cholesterol and do a ‘t’ test to see whether the average serum cholesterol 

level in stroke patients is “significantly different” from that of healthy subjects. 

5.13.2. When the variables have been measured on numerical-ordinal scale.  For example, we may start with the question 

“Is long term therapy of asthma with Salbutamol helpful in reducing dyspnoea as compared to cheaper aminophyllin derivates?” 

For answering this research question, we would take two groups of asthmatics and give salbutamol to one group and an 

aminophyllin derivative to the other. The severity of dysponea would be recorded as 0, 1, 2, etc., (which is as quantitative - 

ordinal scale as described in Unit-3). We would then work out the “medians” (not the means) in the two groups and use the 

“non-parametric tests” (median based tests described in a subsequent unit) to compare the two groups medians. 

5.13.3. When the variables have been measured on a categorical (qualitative), i.e., dichotomous or polychotomous scale. 

Let us take up the earlier example of AC.GN. and Streptococcal sore throat. We would pick up, say 100 children who have 

suffered from sore throat and another 100 who have not; we would then follow up the 2 groups for a reasonable period (say, 1 

year) to see how many in each group develop AC.GN. Let us say 20 children in the sore throat group and 10 in the other develop 

AC.GN. We would now convert these numbers into a measure of disease frequency (i.e. 20% and 10% respectively) and compare 

the two groups to see whether this difference in the two proportions is “significant” or not, using a chi square test, as explained 

in a subsequent unit. 

What is the drawback with tests for difference between means or difference between proportions. The problem with the 

‘t’ test for difference between means and the Chi-square test for seeing the difference between proportions is that they only test 

a hypothesis (i.e., the research hypothesis which says that there is a difference versus the null hypothesis which says that there 

is no difference). However, such hypothesis testing procedures are based on critical level of some pre-decided probability (p-

value) (usually kept at 0.05) and therefore they do not tell us anything, about the “magnitude of association or effect”. We will 

clarify this with an example. Let us say, in the sore throat – AC.GN. study quoted above, we found 20% of the children with 

sore  throat and 10% of the children in the other group developed AC.GN. Apparently, the incidence of AC.GN. was two times 

higher among children who had suffered from sore throat (20% compared to 10%). A chi square test would tell us that the 

incidence of AC.GN is “significantly” more among sore throat group as compared to the other group (to revise, “significantly 

more” indicate that we have found, in our samples, that the incidence of AC.GN. in sore throat group is more; and the chances, 

that in reality in the two large populations the incidence of AC.GN in the total population of sore throat is not more, are less than 

5 in 100).  Now, just assume that our results were that the incidence was 40% and 10%, and not 20% and 10% as mentioned 

earlier. In this situation the incidence of AC.GN is “4 times more” among the sore throat group (instead of only 2 times more 

which was found earlier). However, a chi square test would even now only tell us that the incidence of AC.GN is significantly 

higher in sore throat group, a result which it (chi square test) had given us in the earlier situation also. To summarize what we 

have discussed, significance testing for difference in means using a t test or difference in proportions using chi square test, only 

tests a hypothesis, i.e., the research hypothesis, which says that the one of the two means (or proportions) is significantly higher 

(or lower) than the other. However, these tests do not tell us the “magnitude”, i..e, they do not answer questions like “how many 

times more?” or “how much more in absolute terms?” For answering these two extremely important questions, we have the 

measures of “Risk Ratio” or “Association” or “Effect” that we shall now discuss.  

5.14. Measures of Effect. To initiate a detailed discussion on measures of  “effect”, we shall have a deliberation on the 2x2 

table, a discussion which had already started in Unit-3. 

5.15. Description of 2 X 2 table. A “2 x 2 table” is formed when the “exposure” (also known as, “cause” or “predictor” or 

“independent”) variable as well as “outcome” (also known as “effect” or “dependent”) variable takes a dichotomy of “either 

absent or present”. Thus, on the axis of exposure, we will have two categories :- exposure present (E +) and exposure absent (E). 

Similarly, along the axis of outcome, will have two categories :- outcome present   (O +) and outcome absent (O - ). Let us 

discuss the 2 x 2  table with an example. We were desirous of undertaking a research to see whether smoking is a risk factor for 

IHD (Ischaemic Heart Disease). The study was started with 5000 healthy adults and IHD was excluded at the start by means of 

relevant diagnostic work-up. These 5000 subjects were interrogated about smoking habits (exposure); it was found that there 



were 1500 smokers (E +) and 3500 non smokers (E -). These two groups (E+ and E-) were then followed up for 10 years to see 

whether IHD (the outcome) developed (O +) or did not develop (O -). It was found that out of 1500 smokers (E +), 150 developed 

IHD (E + O +) while 1350 did not develop IHD (E + O -). On the other hand, out of the 3500 non smokers (E-), 175 developed 

IHD (E – O +) while 3325 did not develop the same (E – O-). The typical 2 x 2 table can be constructed as follows :-  

Table – 5.1 : Basic Format of a 2 X 2 Table 

Exposure (E) (predictor; 

independent; cause) 

variable 

Outcome (O) (outcome or dependent) variable  Total 

Present (O+) Absent (O-) 

Present (E+) a (E+O+) b (E+O-) a + b (All E+) 

Absent (E-) c (E-O+) d (E-O-) c + d (All E-) 

Total a + c (All O+) b + d (All O-) a + b + c + d (All 

subjects or “n”) 

 

The heart of the 2 x 2 table has 4 “cells”, represented by ‘a’, ‘b’, ‘c’ and ‘d’ as follows :-  

a = Subjects who have both the exposure as well as the outcome, i.e., E + O+ (eg, all those smokers who develop IHD, i.e. 150 

in above example).  

b = Subjects who have only the exposure but not the outcome, i.e., E+ O- (eg., all those smokers who do not develop IHD, i.e., 

1350 in above example). 

c = Subject who do not have the exposure but develop the outcome, i.e., E- O+ (eg, all those non smokers who developed IHD, 

i.e., 175 in the above example). 

d = Subject who do not have the exposure and also do not develop the outcome, i.e. E- O- (eg, all those non smokers who 

developed the outcome. i.e. , 3325 in the above example).  

a + b = Total number of subjects who have the exposure, irrespective of whether they developed the outcome or not, i.e., All E+ 

(eg, all smokers, whether they developed IHD or not, i.e., 1500). 

c + d = Total number of subjects who not have the exposure, irrespective of whether they developed the outcome or not, i.e., All 

E- (eg, all non smokers whether they developed IHD or not, i.e, 3500). 

a + c = Total number of subjects who developed the outcome, irrespective of whether they had the exposure or not, i.e., All O+ 

(eg, all those who developed IHD, whether they used to smoke or not, i.e, 325.) 

b+d = Total number of subjects who did not develop the outcome, irrespective of whether they had the exposure or not, i.e. All 

O- (eg, all those who did not develop IHD, whether they used to smoke or not, i.e. 4675). 

a+b+c+d= The grand total of all subjects studied (or, simply “n”) (eg, 5000 in the present example). 

In our above mentioned example on smoking and IHD, the 2 x 2 table would then look as shown in table – 5.2 :-  

Table – 5.2 : 2 X 2 Table of smoking and IHD 

Smoking (Exposure) IHD (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+) 150 (10%)  (a) 1350 (90%) (b) 1500 (100%) (a+b) 

Absent (E-) 175 (5%)   (c) 3325 (95%) (d) 3500 (100%) (c+d) 

Total 325 (a+c) 4675 (b+d) 5000 (n) 

 

Just to repeat the notations, a =  smokers who developed IHD, b =  smokers who did not develop IHD, c = non-smokers who 

developed IHD, d = non-smokers who did not develop IHD,  a+b = all smokers whether they developed IHD or not, c+d = all 

non-smokers whether they developed IHD or not, a+c = all those who developed IHD irrespective of whether they smoked  or 

not, b+d = all those who did not develop IHD irrespective of whether they smoked or not, and n = total subjects studied. 

5.16. Relative Risk (RR). The above 2 x 2 table tells us that the incidence of IHD (over a 10 year period) was 10% among 

smokers (150 out of 1500) while it was 5% among non smokers (175 out of 3500). Now, if I ask you as to whether, from these 

results, do you think that smoking is a risk factor for IHD, your answer, almost instantly, would be “yes”, it is two times more 

among smokers”. You are very correct; but how did you reach this conclusion of “two times” more? By simply dividing 10% 

by 5%, you would reply. You have been intuitively correct. Actually, what you have done is that you have divided the “Incidence 



of the outcome (IHD) among those with the exposure (smokers)”, (i.e. 10%) by the “incidence of the outcome (IHD) among 

those without the exposure (non-smokers) (.e., 5%). This equation is precisely what is known as the Relative Risk (RR) or the 

“Risk Ratio”, Thus, 

 RR =  Incidence of the outcome among those having the Exposure (Ie) 

   Incidence of outcome among those not knowing the Exposure (Io) 

(more precisely, if we are measuring cumulative incidence (CI), then we would write CIe and CIo; while if we are measuring 

Incidence density (ID), then we would write IDe and IDo).  

 The Relative Risk (RR) gives us an instant idea of the number of times that the Incidence is likely to be more among 

those who have the exposure compared to those who do not have the exposure. Now, as discussed earlier in this unit, since 

incidence basically tells us the “risk” of developing the particular outcome over a defined period of observation, it follows that 

the RR, by comparing two incidences (i.e’, two “risks”, one among the exposed group and another among the non-exposed 

group) tells us as to how many times more is the risk likely to be among those with the exposure, as compared to those without 

it. For this reason, it is called “Relative Risk” (i.e., risk in one group, i.e. the exposed, relative to the other, i.e. the non exposed), 

or “Risk ratio” (the ratio of “risks” (incidence) between 2 groups – exposed and non exposed). 

 It would also be agreed now that an increasing value of RR indicates increasing quantum of risk. If the RR is very high 

(say, 5 or more), we are convinced that, particular exposure carries a very high risk of the outcome to develop. In other words, 

higher the RR, more are we convinced in our heart that an association exists between the exposure and the outcome, It follows, 

therefore, that the RR gives us, in addition to the risk, the “strength of association between an exposure and an outcome.  

What happens if the RR is equal to one or less than one? Let us change the findings of our study on smoking-IHD association 

a little, and assume that the findings were as follows (babble – 5.3) :- 

Table – 5.3 : 2 X 2 Table of smoking and IHD 

Smoking (Exposure) IHD (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+) 150 (10%)  (a) 1350 (90%) (b) 1500 (100%) (a+b) 

Absent (E-) 350 (10%)   (c) 3150 (90%) (d) 3500 (100%) (c+d) 

Total 500 (a+c) 4500 (b+d) 5000 (n) 

 

If our findings were as above, then the incidence of IHD among smokers as well as non smokers would be 10% each. In such a 

situation, the RR = 10% / 10% = 1.  We would interpret the above findings by saying that the incidence (i.e, Risk) of developing 

IHD among both, smokers, as well as the non smokers is the same. In other words, whether you smoke or not, it makes “no 

difference” as far as risk of IHD is concerned. This is exactly the interpretation when RR=1. It means “absolutely no risk” or, in 

other words, it is the “null value” (no effect value for RR) in research. 

Now, consider yet another situation that could have happened, as shown in Table – 5.4. 

Table – 5.4 : 2 X 2 Table of smoking and IHD 

Smoking (Exposure) IHD (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+) 150 (10%)  (a) 1350 (90%) (b) 1500 (100%) (a+b) 

Absent (E-) 700 (20%)   (c) 2800 (80%) (d) 3500 (100%) (c+d) 

Total 850 (a+c) 4150 (b+d) 5000 (n) 

 

If the above results were obtained from our data the RR would be 10% / 20% = 0.5. The data would indicate that if one smokes, 

the risk of getting IHD is 10%; on the other hand if one does not smoke, the risk is 20%. Smoking thus reduces the risk of getting 

IHD by half, and that is why we got the RR as 0.5. The implication is that if RR is less than 1, it indicates declining risk, i.e, a 

protective effect; with the above finding of RR as 0.5, we would say that smoking protects against IHD by 50%. (i.e. reduces 

the risk of IHD by half). Moreover, the further the RR is from one (towards zero) more is the strength of this protective 

association. The interesting part of this scale of RR is that with a null value of 1, while the increased risk would range on a very 

wide gradient of more than one to infinity (if incidence in exposed group is 100% and in unexposed it is 0%, the RR will be 



100% / 0% = infinite); however, on the protective side it can range only on a narrow range from zero to one (in the most 

protective situation, the incidence among exposed group can be 0% while in the non-exposed group may be 100%; thus, RR in 

this extreme situation would be 0% / 100% = 0). The “range” of RR is thus as follows 

       Null Value 

 

         Protective              Increased risk 

 

 

   Zero        One            Infinity 

5.17. How to estimate the “risk” when we are doing our research “the other way round” :- The “Odds Ratio” (OR). The 

examples we just now discussed were the ideal settings of research in which we start from a point when the outcome (eg., IHD) 

has not occurred, and we follow up the subjects forward for the requisite period of time to see whether the outcome developed 

or not in each of the two groups (say, smokers and non smokers), thereby calculating the incidence of IHD in the two groups. 

Scientifically ideal through it may be, such “prospective” or “forward proceeding” research has its own drawbacks too, as we 

shall discuss in detail in a subsequent unit. In short, it needs a very long time of follow up (10 years or more) which may be 

logistically difficult. Moreover, the medical fraternity is not going to wait for that long for our blessed research to give the 

results. Such research also needs a large number of subjects to be followed (usually in thousands) for that long a time, thus 

making such research very costly and tedious. For these reasons, a very good alternative has been devised. We could do this 

research the “other way round”, i.e., instead of starting from a point when the outcome has not occurred and then proceeding 

into the future, we could pick up some subjects in which the outcome has already occurred and a comparison group in which the 

outcome has not occurred, and compare these two groups regarding the history of exposure. For example, we can take 50 persons 

diagnosed to be having IHD and 50 healthy persons of similar age and sex without IHD, obtain the history of smoking during 

past 10 years from them and set the data into the following 2x2 table (Table – 5.5). 

Table – 5.5 : 2 X 2 Table of smoking and IHD 

History of Smoking 

(Exposure) 

IHD (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+) 25 (50%)  (a) 17 (34%) (b) 42 (a+b) 

Absent (E-) 25 (50%)  (c) 33 (66%) (d) 58 (c+d) 

Total 50 (100%) (a+c) 50 (100%) (b+d) 100 (n) 

 

The above setting is the classical “case control study” which, we shall discuss in detail in a subsequent unit. Superficially this 2 

x 2 table may appear to be the same as those we had presented earlier in this chapter. However, there are a number of fundamental 

differences. The most important basic difference is that in the present setting we are not following up, in a FORWARD manner, 

the 2 groups of subjects (smokers and non-smokers) from a point when they do not have the outcome (IHD) to a point when 

some of them develop the outcome, thereby calculating the incidence in the two groups as (a / a+b) and (c / c+d) respectively. 

What we are doing in the present scenario is that the outcome (IHD) had already occurred and we are picking up “samples” of 

cases of IHD and healthy persons (50 each) and going BACKWARD from outcome to exposure (rather than going FORWARD 

from exposure to outcome as in the earlier instances). For this very reason, we cannot calculate the “incidence” of IHD in 

smokers and non-smokers as a/(a+b) and c/(c+d) respectively in the present situation (i.e., you CANNOT say that the incidence 

of IHD is 25/42 i.e, 60% among smokers and 25/58, i.e., 48% among non-smokers). This is simply because for calculating 

incidence you have to follow up a group of subjects forwards, from the point that they do not have the disease to the point that 

some of them develop the same, which has not been done in this instance. And, if you cannot calculate the incidence, you just 

cannot calculate the RR because RR is calculated by the expression : RR=Ie/Io. 

What, then, is the use of this study when we cannot calculate even the RR? Well, the use is very much there, Research 

methodologists have shown that from the case control study, we can calculate something called as the odds ratio (OR) and this 



OR is a valid estimator of the RR. By “valid estimator” we mean that while the OR from a case control study is not actually the 

same as RR, however, it gives as a reasonably accurate idea of the RR (i.e., the OR approximates the RR quite well). However, 

for the “valid estimator” concept to hold good, there are two assumptions which should be met with :  

a) The outcome, i.e., the disease of interest (e.g, IHD in this case) should not be common, i.e., the incidence of the 

outcome should be <5%. Luckily, most of the human diseases are uncommon ones, with this parameter of >5%, 

and hence this assumption is generally true. 

b) The “controls” (i.e., the comparison group, eg, the 50 healthy persons in the present example) should be 

“representative” of the same total population that gave rise to the “cases”. Fulfilling this assumption needs definite 

hard work during planning and designing of a case control study, the details of which are discussed in a subsequent 

unit. 

Calculation of Odds Ratio (OR). The odds ratio in a case control study is calculated by the equation. 

 OR = {(a X d)} ÷{( b X c)}  (also called “cross product ratio”)  

(where a, b, c and d are the 4 cells described earlier in this chapter, and refer to E+O+, E+O-, E-O+ and E-O- respectively). In 

our present example, the odd ratio 

OR =    {(25 x 33)} ÷{( 17 X 25)}  = 1.94; and since the OR is a valid estimator of RR, we would conclude 

that the risk of IHD due to smoking is 1.94 times as compared to non-smoking. In fact, the odds ratio in a case control study 

basically measures the “exposure odds ratio”. To clarify the aspect, let us once again draw the 2 x 2 table (Table – 5.6). 

Table – 5.6 : 2 X 2 Table  

Exposure Disease (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+)  (a)  (b)  (a+b) 

Absent (E-)  (c)  (d)  (c+d) 

Total  (a+c) (b+d) (n) 

 

Now, the “odds” of a case being “exposed” = Ratio of “exposed” cases to ‘non-exposed’ cases = a ÷ c (see Unit - 3 for 

definition of “ratio”); and similarly, the odds of a control being exposed = b ÷ d.  Thus, the “Ratio” of the “odds of exposure of 

cases” to “odds of exposure of controls” = {(a÷c)} ÷{( b ÷d)} = {(a X d)} ÷{( b X c)} = OR 

 Technically speaking therefore, the odds ratio from a case control study means that the “odds” of cases being exposed 

are “so many times higher” compared to the “odds of controls being exposed”. In our above example, the correct  interpretation 

of OR = 1.94 is that a case of IHD is 1.94 times more likely to be having the exposure (i.e., history of smoking) as compared to 

a person not having IHD. However, if the 2 assumptions (the disease being uncommon and the  controls being representative of 

the source population of cases) are met with, the OR approximates the RR and so we conclude that the risk of IHD is 1.94 times 

more if one smokes. 

 The proof that OR is approximately equal to RR can be given as follows. Let us assume that the following is a 2 x 2 

table of a forward study in which we can find out the Ie, Io, and RR. (Table – 5.7) 

Table – 5.7 : 2 X 2 Table of a forward study for calculating Ie, Io and RR 

Exposure Disease (Outcome)  Total 

Developed (O+) Did not develope (O-) 

Present (E+)  (a)  (b)  (a+b) 

Absent (E-)  (c)  (d)  (c+d) 

Total  (a+c) (b+d) (n) 

 

Now Ie = a ÷ (a + b) and Io = c ÷ (c + d); and, RR = Ie ÷ Io; Hence, RR =     Ie ÷ Io = {a / (a + b) } ÷{ c ÷ (c + d)} 

Now, if the disease is uncommon (which is an essential assumption in the case control study) then ‘a’ and ‘c’ will be very, very 

small, quantitatively, as compared to ‘b’ and ‘d’ respectively; hence (a + b) will be approximately the same as ‘b’ and (c + d) 

will be approximately the same as ‘d’. Hence, in such a situation,  



RR    =    {a ÷ (a + b)} ÷{ c ÷(c + d)}  (but, as per above assumption, a + b = b (approximately) and c + d = d (approx.).

 Hence, RR ={(a ÷b)} ÷ {(b ÷c)} = (a X d) ÷ (b X c)     =    OR (approximately) 

Thus, OR is approximately equal to RR. 

5.18. The Third Paradigm : Cross-Sectional Study and Prevalence Odds Ratio (POR). Till now we discussed two 

situations for calculating the “risk” due to exposure – firstly, a forward study in which we follow up the subjects from 

exposure till outcome and calculate the “Incidences” (Ie and Io) and thereafter we calculate the RR as (Ie ÷  Io). The second 

situation we discussed just a little while ago was a “case control study” in which we cannot calculate either the incidence or 

the prevalence but calculate the “Odds Ratio” (OR), which is a good surrogate measure of RR. Now, there can be a third 

situation also, as shown in table – 5.8. To explain it, suppose we did a study on a research question as to whether driving 

motorcycle / scooter for at least 5 years, is associated with low backache among young adult male subjects of the age group 20 

to 50 years. For doing this study, we randomly selected 10,000 male subjects in the age group 20 to 50 years from the list of 

voters in our district, and enquired all these subjects about two aspects – firstly, whether they had driven scooter / motorcycle 

for at least 5 years in their lifetime till now, and secondly, whether they were presently having or had in the past, low-back 

pain, which had been severe enough to prevent them from doing their occupational activities for at least 48 hours. The data is 

set out in Table 5.8 below. Students should try to appreciate that this study is neither a forward study where we can calculate 

the Ie, Io and RR, nor it is a case control study where we would calculate the OR. This is because we have not started with a 

group of subjects who either had the exposure or did not have the exposure and then follow them up forward in time to see 

how many developed low back pain; hence it is not a forward study and we cannot calculate the incidences (Ie & Io) and RR. 

Also, it is not a case control study because we have not started by assembling a group of subjects who have the disease (low 

back pain), i.e., cases and similar type of comparable subjects who do not have low back pain (controls). What we have 

actually done is that we have cut a “cross-section” of the study subjects and found out the presence / history or exposure 

variable (driving scooters / motorcycles for at least 5 years) and the outcome variable (low back ache) from each subject at a 

given point of time and, based on this information,  divided the subjects into 4 groups (E+O+, E+O-, E-O+, E-O-), as set out in 

table 5.8. This is the classical example of a “cross sectional epidemiological research design” in which all subjects are 

evaluated at a single point of time regarding presence (or history) of both exposure as well as outcome and thus divided into 4 

groups, as if cutting a “cross – section”.  

Table – 5.8 : 2 X 2 Table of Association between Scooter / Motorcycle driving and Low Backache 

Scooter / Motorcycle 

driving for at least 5 

years (Exposure) 

Low Backache (Outcome)  Total 

Present (O+) Absent (O-) 

Present (E+) 300 (10%)  (a) (E+O+) 2700 (90%) (b) (E+O-) 3000 (100%) (a+b) 

Absent (E-) 350 (5%)   (c) (E-O+) 6650 (95%) (d) (E-O-) 7000 (100%) (c+d) 

Total 650 (a+c) 9350 (b+d) 10000 (n) 

 

Now, from the above table, while we cannot calculate the Incidences (since we have not followed up the subjects from 

exposure to outcome) but we can calculate the “prevalence” as explained earlier in this unit, as: Prevalence in the “exposed 

group” (Pe) = {(a) ÷ (a+b)} and among the non-exposed group (Po) as  {(c) ÷ (c+d)}. Further, we would calculate the 

“Prevalence Odds Ratio” (POR) as (Pe ÷ Po) which will give us an estimate of the risk that the exposure variable carries for 

causing the outcome. Like OR, the POR can be used as a good estimate of the RR. In our above table-5.8, Pe = 300 / 3000 = 

0.1 (10%) and Po = 350 / 7000 = 0.05 (5%). Thus, POR = 0.1. / 0.05 = 2. Thus, we can conclude that the risk of low backache 

due to driving scooter / motor cycle (for at least 5 years) is 2 times compared to when one does not drive motor cycle / scooter 

(for at least 5 years). 

Part – 3: Measures of Differences in Risks (Measures of Impact) 

5.19. Why to measure “Difference in Risks”. The measures of “effect”, i.e., “risk ratios” that we have discussed till now were 

RR in a prospective (forward) study, OR in a case control study, and POR in a cross-sectional study. They are extremely 

important measures of the “strength of association” between an exposure and its suspected outcome. The further the RR (or, OR 



or POR) is from the value of one, the more confident we become about a “cause and effect” relationship, be it regarding risk 

factors for a disease, or prognostic makers, or evaluation of drugs, vaccine or any other therapeutic / preventive procedure. For 

example, if the RR of lung cancer due to smoking (as compared to non-smokers) is 5, we are quite confident of the role of 

smoking as an important risk factor in lung cancer. Similarly, if the RR of getting polio-myelitis if oral polio vaccine is given 

(as compared to when it is not given) is 0.05, we have little doubt left about the efficacy of the polio vaccine. Extremely important 

though they are, the measures of “risk ratio” (RR, OR or POR) do not tell us anything about one aspect – “how much more” 

(though they answer the issue “how many times”). Let us clarify this with a non-medical example: If the cost of a brand new 

music system is five times more than a second hand one, you may start considering buying a second hand one only; however, if 

we tell you that the cost of the brand new system is Rs. 2500 and that of second hand one is Rs. 500 you may rethink in terms 

of buying the brand new one itself because though the cost of buying the brand new system is five times more, the absolute 

difference is Rs. 2000 only. On the other hand, if a brand new car costs 3 lakhs, while a second hand model costs one lakh, the 

cost of a brand new model is only 3 times of the second hand one, but one may still think of buying the second hand model, 

because the absolute difference is, in this situation, two lakhs. Let us look at this situation from a clinical point of view, by 

browsing at the following hypothetical data (Table – 5.9) :-  

Table – 5.9 : Hypothetical data of incidence of lung cancer (per one lakh general population) 

Exposure Group Lung Cancer (Lung CA) Ishaemic Heart Disease (IHD) 

Among Smokers 10 cases (per lakh general population) (a) 250 cases (per lakh general population) (a) 

Among Non-smokers 2 cases (per lakh general population) (b) 125 cases (per lakh general population) (b) 

RR for smokers (a ÷b) 5 times 2 times 

Absolute difference ( a – b) 8 additional cases per lakh general population 125 additional cases per lakh general 

population 

 

Apparently, with a relative risk of 5, there is little doubt that smoking is a very important “cause” of Lung CA. However, if we 

examine the above data from a slightly different perspective, we will find that if smokers were to stop smoking, it will result in 

a decrease of 8 cases of Lung CA per lakh population, but the same action will result in a decrease of as much as 125 cases of 

IHD per lakh population. Thus, while smoking may not be a very strong “causal” factor for IHD (as it is for lung CA), the 

amount of difference that it is going to make on public health will be tremendous for IHD but small for Lung cancer. 

 Not only in public health, but in clinical practice too, this view point is important. Let us say the incidence of coronary 

mortality (death due to heart disease - IHD) in adult women who use oral contraceptives (OC) is 4 per lakh women, while it is 

1 per lakh among women who do not use OC. The RR is 4; it leaves little doubt that OC use is an important risk factor for IHD. 

However, the absolute difference is only 3 additional events of coronary mortality per lakh women. In other words, any patient 

who is using OC has an “additional chance” of 3 in a lakh (0.003%) of getting a coronary event (heart attack) over and above a 

lady who is not using OC. If we keep this background, we will not easily advise our patients to give up OC use since the 

“additional” risk is quite meager, and the fact that OC has other potential advantages (e.g., avoidance of pregnancy and its 

complications); unless, of course, if we have strong clinical reasons to advise against OC use (eg, if the patient is hypertensive, 

smoker etc.). 

5.20. Measures of Risk Difference (impact) in a forward study 

 Let us start our discussion with a hypothetical data set of typical “forward moving” study. We had a sample of 60,000 

male subjects, aged 40 – 49 years, who were initially free of IHD, as decided by putting all these subjects through the relevant 

diagnostic work-up. Further, out of these, 20,000 were smokers and 40,000 were non-smokers. We followed up all these subjects 

for a period of 10 years, looking for the development of IHD. The results are presented in the table below. 

Table – 5.10 : 2 X 2 Table of smoking and IHD in a forward study 

Smoking (Exposure) IHD (Outcome)  Total 

Developed (O+) Did not Develop (O-) 



Present (E+) 400 (2%)  (a) 19600 (98%) (b) 20000 (100%) (a+b) 

Absent (E-) 400 (4%)   (c) 39600 (96%) (d) 40000 (100%) (c+d) 

Total 800 (a+c) 592000 (b+d) 60000 (n) 

 

From the above table, Incidence of IHD among those “exposed” to smoking and “not exposed” can be calculated as: 

Ie = 400 / 20,000  = 0.02 (or, 2%);  Io = 400 / 40,000  = 0.01 (or, 1%);  RR = Ie / Io = 2% / 1%   =  2 

5.21. Measures of absolute effect. The  “absolute effect” is measured in terms of “Attributable risk”. (AR). It is the difference 

between the incidence among exposed group (Ie) and the incidence among unexposed group (Io). Thus, AR = Ie – Io. In our 

example, AR = 0.02 – 0.01 = 0.01 (or, 1%). We would describe this finding as “there is likely to be one ‘additional’ case of IHD 

among every 100 smokers as compared to 100 non smokers”. 

5.22. Measures of Attributable Fractions (Impact). These are of the following three categories :- Attributable fraction for 

exposed; population attributable fraction; and, population attributable risk. We will discuss them in the succeeding paragraphs. 

5.22.1. Attributable Fraction for exposed (AFe) (Syn, Etiologic Fraction (EF), Etiologic Fraction for exposed (EFe), 

Attributable Risk percent (AR%). This is calculated as:  AFe  = {(Ie – Io) ÷ Io} X 100 

Now, dividing both the numerator as well as the denominator by Io, we get 

AFe = [{(Ie ÷Io) – (Io ÷ Io)} ÷ {(Ie ÷ Io)}] X 100 

But (Ie ÷ Io) = RR and (Io ÷ Io) = 1 

Hence, AFe = [{( RR – 1)} ÷ {RR}] X 100    

In our example above, RR was 2, thus, AFe =  [{( 2 – 1)} ÷ {2}] X 100 = 50%. This means that 50% of the IHD load 

AMONG SMOKERS is due to smoking. If smoking is given up by SMOKERS, a 50% reduction in IHD, AMONG 

SMOKERS will be obtained. The pertinent question which may come up at this point is “why only 50% reduction?. If 

smoking is the cause of IHD, then we should achieve a 100% reduction. The answer is simple – smoking is not the only cause 

of IHD; in other words, it is not “THE CAUSE” but “A CAUSE” of IHD. There are many other causes of IHD in the scenario 

of “multi-factorial causation” of any disease – Hypertension, obesity, genetic history, physical inactivity etc., besides smoking. 

Now, what we have done in our above mentioned prospective study is that we have taken two groups – one having all other 

risk factors but not smoking (this was the “non-exposed” group), and another group with all the risk factors, including 

smoking (this was the “exposed” group). In fact, this is the basic philosophy of any research – that the two groups being 

compared should be exactly equal to  each other excepting for the factor (exposure) under study, i.e., “all other things being 

equal, except for the factor under study”. Thus, in our above study :-  

EXPOSED GROUP  NON-EXPOSED GROUP 

 

Hypertension (5% subjects) 

 

Obesity (20%) 

 

Genetic History (2%) 

 

Physical Inactivity (30%) 
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Hypertension (5% subjects) 

 

Obesity (20%) 

 

Genetic History (2%) 

 

Physical Inactivity (30%) 

 

SMOKING PRESENT DIFFER 

RENT 

SMOKING ABSENT 

  

Thus, if the exposed group (smokers) stop smoking, there will be 50% reduction of IHD among them because this much  is the 

contribution of smoking. However, still IHD will occur due to other causative like hypertension, obesity etc. In fact, if somehow 



it can be shown that in addition to the difference in smoking status, the two groups were also different in respect of any other 

factor, say hypertension (e.g., if the smokers group, in addition to smoking, had more hypertensives, say, 20% as compared to 

non smokers group which had, say, 5% hypertensives) one could definitely argue that the increased risk of IHD due to smoking 

seen in this study may not be really due to smoking but rather due to hypertension. This exactly the problem of “confounding”  

when indirect relationships exist and hence another variable (eg., hypertension) tends to explain away the relationship between 

an exposure (eg., smoking), and the outcome (eg., IHD). We shall deal with confounding in a subsequent unit. 

 The limitation of AR% is that it tells us the quantum of reduction in the disease that would be achieved in the “exposed” 

group if “exposure” was given up by them. However, it does not tell us about the reduction that will occur in the “total 

population”. It would be noted that as public health administrators, we would be also interested in the possible reduction in IHD 

that would occur in the total population (consisting of a mixture of smokers and non-smokers) if this total population stops 

smoking, and not only in the reduction in IHD that would occur among smokers if they stop smoking (which is the AR%). This 

difficulty is overcome by calculating the PAF or else PAR% which we shall now discuss. 

5.22.2. Population Attributable Fraction (PAF) (Syn. Population Attributable Proportion (PAP) ; Attributable 

Proportion in Total Population (APT) :-  This is calculated as :   PAF    =    AR  X  Pe 

Where AR = Attributable risk as explained earlier and Pe = Proportion of the total population which is likely to have the exposure 

of interest.  E.g., in our present example, out of a grand total of 60,000 subjects (which were representative of the total population) 

20,000 were smokers. Thus, the proportion of the population having the exposure (i.e., smoking) = 20,000 / 60,000 = 0.33 (in 

other words, Pe = (a + b) / (a + b + c + d). now, AR, as we had calculated earlier, was 0.01, therefore PAF = (0.01 X 0.33) = 

0.0033 (or, 0.33%, or 33 per 10,000, or 330 per lakh of general population). Our interpretation with the PAF as 330 per lakh of 

general population is that if smoking is stopped by the entire reference population (from which the sample was drawn) we expect 

that, in this reference population, there will be a reduction in IHD to the extent of 330 less cases per lakh of the reference 

population, in a 10 years period (remember, the follow up period was 10 years); or, we except that 33 less cases of IHD will 

occur per lakh of the reference population in a year (330 per 10 year per lakh = 33 per year per lakh) if smoking is given up by 

the  reference population. An interested health administrator can further work out the economic analysis of the benefit that will 

occur by preventing various risk factors as compared to the costs that will be borne to run the preventive programme itself. 

5.22.3. Population Attributable Risk Percentage (PAR %) (Syn. Etiologic Fraction in Total Population (EFTP) :-  

The PAR % is given by the equation 

PAR %    = [{(Pe) X  (RR - 1)}] ÷  [{ 1 + {(Pe) X   (RR – 1)}]          X    100 

In our example on smoking – IHD association,  Pe = 0.33 as calculated above; RR = 2 

PAR %    = [{(0.33) X  (2 - 1)}] ÷  [{ 1 + {(0.33) X   (2 – 1)}]    X   100 

 =  [{(0.33) X 1)}] ÷ [{(1) + (0.33 X 1)}] X 100 = 24.8%  (say, 25% approximately). 

The PAR % can also be worked out using another equation namely,  PAR %    =   {( PAF) ÷ (It)} X 100     

Where, PAF = Population Attributable Fraction as described above, and It = Incidence of the disease in the total reference 

population. In our example, the representative sample of 60,000 subjects showed that 800 cases of IHD developed over a 10 

year period. Thus, It = 800 / 60,000 = 0.0133 over a 10 year period and PAF was 0.0033 as calculated earlier. 

Thus, PAR %     =    {( 0.0033) ÷  (0.0133)} X 100 = 24.8. This means that if cigarette smoking is one of the causes of IHD, 

then about 25% of all IHD in the total reference population can be prevented if smoking is completely stopped by the entire 

reference population. The essential difference between PAF and PAR % is that while the PAF gives the researcher or the Health 

Administrator an idea of the beneficial impact of a preventive measure in whole numbers (eg, “a reduction by 33 cases of IHD 

per lakh population per year”, in our example), the PAR % gives us this idea in terms of a proportional reduction of the disease, 

as a percentage of the total disease in the reference population (e.g, 25% reduction in all IHD).  

5.23. Preventive Fractions. The term Preventive Fraction (PF) is used as a replacement of Attributable Fraction for exposed 

(AR %), when the exposure is protective, i.e., reduces the risk of outcome. For example, if “physical exercise is the “exposure” 

and IHD is the “outcome”, then the incidence of outcome (IHD) in the exposed group (doing physical exercise) will be lesser 



than the incidence in non-exposed group (not doing physical exercise). In such a case, the RR will be less than one (protective 

RR). Now if we calculate the AR % in this case using the equation : AR% =  {(Ie – Io) ÷ Io} X 100, then the AR % will come 

out in negative sign (since Ie will be lesser than Io) and will cause difficulty in interpretation. One way of sorting out this problem 

is to put the “risk increasing” factor as the “exposure”,  eg., in this case we can take “Lack of Physical exercise” as the exposure, 

in which case the RR will be more than one and this difficulty will be taken care of. However, often for reasons of clinical 

interpretation we may feel that this may not explain our findings well. For example, we may feel that it is better to put the things 

as “If physical activity is promoted, it will lead to a decrease in IHD by 50%” rather than putting it like “If lack of physical 

activity is removed, it well lead to a reduction in IHD by 50%. In such cases, Preventive fraction (PF) is calculated as  

PF= {(Io)  -  (Ie)} ÷ {Io} X 100. The use of PF becomes most apparent in trials of vaccines where it also called as “Efficacy of 

vaccine” and is measured as: 

 Vacccine Efficacy =  

{Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)} ÷ {Incidence in Unvaccinated (Iuv)} X 100 

For example, let us say that we conducted a clincal trial with a new vaccine for preventing Dengue. We divided 20,000 children 

into 2 groups of 10,000 each and gave the vaccine to one group and only a placebo (dummy) injection to the other group and 

followed them for 3 years. During this 3 years follow up, 200 children from vaccinated group developed Dengue (Iv = 200 ÷ 

10000 = 0.02). Out of the 10000 unvaccinated children, 1000 developed Dengue; thus Iuv = 1000 ÷ 10000 = 0.1. Now, Vaccine 

efficacy = {Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)} ÷ {(Iuv)} X 100 

= {(0.1) – (0.02)} ÷ {(0.1)} X 100 =  80%. Thus we will conclude that the new Dengue vaccine has an efficacy of 80% in 

preventing Dengue.  

5.24. Numbers Needed to Treat (NNT). This measure is being increasingly used in analysis of clinical trials. It means: “the 

number of cases of a disease that will require to be treated with the new (trial) mode of therapy as compared to the control 

therapy (i.e., existing, standard mode of therapy) to produce one extra case of cure”. It is calculated as the reciprocal of 

Attributable risk, i.e., (1 / AR). We will explain this with an example. Let us say we conducted a trial of a new Diabetes drug 

“X” comparing its efficacy in bringing about control of diabetes, against the existing, commonly used drug “Y”. We randomly 

divided a group of uncomplicated diabetes patients into two groups, and gave the new drug “X” to one group and existing drug 

“Y” to the other group. We followed them up for 6 months and evaluated them for adequate control of diabetes. The findings 

are set out in Table 5.11 below:   

 

Table 5.11: NNT : Clinical trial of a new antidiabetic drug “X” against existing drug “Y” 

 Diabetes controlled Diabetes not controlled Total 

Given new drug “X” 200 (91%) 20 (9%) 220 (!00%) 

Given existing drug “Y” 240 (67%) 120 (33%) 360 (100%) 

Total  440 140 580 

 

We found that the control of diabetes was much better (91%, or 0.91 as a proportion) in the group given the new drug (Ie) and 

only 67% (or 0.67 as a proportion) in the group given the existing mode of therapy (Io). Now, in this example, the Attributable 

risk = (Ie minus Io) = (0.91 – 0.67) = 0.24. Thus the NNT will be 1 ÷ 0.24 = 4 (approximately). This 4 is the NNT and means 

that we will need to treat 4 cases of diabetes with the new drug “X” to get one additional case of control of diabetes as 

compared to when we would have treated them with the existing drug “Y”.  

5.25. Calculation of Measures of Differences from a “Case Control” study. As we would recall that in a case control study, 

we cannot calculate the incidence and hence we cannot calculate the RR. What we can do is that we can calculate the Odds Ratio 

(OR) which is a valid approximation of (i.e., almost as good as) the RR and thus it gives us an approximate idea of the “risk” 

due to the exposure of interest. Since the measures of “risk difference” that we have discussed  above involve calculation of Ie, 



Io and It, a direct calculation of these measures of difference in a case control study is difficult. However, certain methods have 

been devised by which we can calculate the measures of difference from a case control study also, basically by using the concept 

that OR from a case control study is approximately equal to the RR.  

 Let us consider another hypothetical example of a case control study which was undertaken to study the risk of 

Thromboembolism (TE) due to oral Contraceptive (OC) use. 100 ladies suffering from TE were taken from a hospital (cases) 

and another 200 healthy ladies of same age who had not suffered from TE were also taken up for comparison (controls). History 

of intake of OC was obtained from all the 300 subjects. The hypothetical data is as per the following table (Table – 5.12) :-  

Table – 5.5 : 2 X 2 Table of case control study on the association between OC use and Thromboembolism (TE) 

History of OC use 

(Exposure) 

Thromboembolism (TE) Outcome)  Total 

Present (O+) (TE cases) Absent (O-) (Controls) 

Present (E+) 42   (42%) (a) 38 (19%) (b) 80 (26.7%) (a+b) 

Absent (E-) 58 (58%) (c) 162 (81%) (d) 220 (73.3%) (c+d) 

Total 100 (100%) (a+c) 200 (100%) (b+d) 300 (100%) (n) 

 

Now, in the above data set, 

 OR  =    (a x d) ÷ (b X c)    =    (42  X 162) ÷ (38 X 58)       =   3.09 

Since OR is approximately equal to RR, we can conclude that the risk of getting TE is 3.09 times higher among OC users as 

compared to non-users. Some of the measures of “risk-difference” can be calculated as follows :-  

5.25.1. Attributable Fraction for Exposed (AFe) (Syn : EF; EFe; AR %) :- We would remember that earlier we had calculated 

the AR% as : AR% = {(RR – 1) ÷ (RR)} X 100  

Now, since OR is approximately = RR, Therefore, AR% = {(OR – 1) ÷ (OR)} X 100 

In our example, AR% = {(3.09 – 1 ) ÷ (3.09)} X 100 = 67.6%. 

This means that more than two thirds of Thromboembolism among OC users is because of OC use; if OC users give up its use, 

then there will be a 67.6% reduction in TE among them (of course, the remaining 32.4% TE will still remain because of other 

causative factors, other than OC use.).  

5.25.2. PAR % from a case control study. In a forward type of research, calculation of PAR % involves two parameters – the 

‘RR’ and ‘Pe’. Since OR is approximately equal to RR, we can do this substitution. As far as ‘Pe’ (i.e., Proportion of total 

population likely to have the exposure) is concerned, we would fall back on our  assumption that in a case control study, for OR 

to be a valid estimator of RR, the controls should be representative of the total population. Thus, the “proportion of controls 

having the exposure” can be used as a good approximation to the proportion of total population having the exposure; thus, Pe   

=  (Number of Controls having the exposure) ÷ (Total number of  Controls)  = (b) ÷ (b + d). It may be contested at this point 

that the total population will have both cases and controls. Apparently, the level of exposure among the cases will be likely to 

be much higher than the exposure among controls. Therefore, in the total population (having a mixture of both cases and 

controls), the proportion of exposure is likely to be higher than the proportion among controls alone, and if this be true, than we 

cannot estimate “Pe” as “(b / (b+d))”. To counteract this argument we will use the first  assumption that we have made in a case 

control study – that the disease being studied should be uncommon. If this assumption is correct, then the total number of cases 

in the total population will form a very small fraction of the total population, the large majority of the total population will be 

made of the controls. Hence the higher rate of exposure among cases will not make any practical difference and therefore the 

proportion of controls having exposure can be used as a valid approximation to the proportion of total population having 

exposure. 

Now, as we know, PAR %    = [ { (Pe)  x  (RR – 1)}] ÷ [1  + {Pe x (RR – 1)] X 100 

Substituting RR by OR, PAR %    = [ { (Pe)  x  (OR – 1)}] ÷ [1  + {Pe x (OR – 1)] X 100 

Where Pe = b / (b + d)  of the 2 x 2 table of the case control study. 

In our example, b = 38, d = 162, b+d = 200; Therefore, Pe = 38 / 200 = 0.19 and OR = 3.09 

Thus,  PAR %    = [{(0.19) x  (3.09 – 1)}] ÷ [{(1)  + {0.19 x (3.09 – 1)] X 100 



Solving the above, we get PAR%= 28%. This means that if OC use is a cause  of TE, then 28% of all  TE in the total (reference) 

population can be prevented if OC use is stopped by the reference population.  

Can we work out the AR and PAF from a case control study ? As we have understood by now, we can get an idea of RR 

since we can use the OR from a case control study as a surrogate measure of RR. However, we cannot get the Individual values 

of Ie and Io from a case control study. For this reason, we cannot get the value of AR from a case control study, since AR = (Ie 

– Io). Since we cannot calculate the AR from a case control study, we cannot calculate PAF from a case control study since PAF 

= (AR X Pe). Though, there are advanced methods by which we can get an idea of Ie or Io from other sources and extrapolate 

the data to calculate PAF from a case control study, but  they are beyond the purview of this unit. 

 

5.26.  Check your progress – 2. 

6. If the RR is 0.50, it means that: (a) The exposure increase the risk of the disease outcome by two times (b) The exposure is 

protective and reduces the risk of disease by half (c) exposure has no effect on the outcome (d) Incidence in exposed group is 

five times as compared to non-exposed group (e) Without knowing Odds Ratio, we cannot answer this question. 

7. Which of the following assumptions is / are necessary for the assumption that Odds ratio (OR) is a valid estimator of the 

Relative Risk (RR) (more than one options are possible): (a) Outcome being studied should because have come. an infectious 

disease (b) Exposure should be rare (c) Disease outcome being studied should be rare (d) cases should come from the same 

source population from which controls have come (e) controls should come from same source population from which cases have 

come . 

8. Which of the following cannot be calculated directly from a case control study: (a) Attributable fraction for the exposed (b) 

Odds ratio (c) Population Attributable risk percent (d) Attributable risk (e) Etiological fraction. 

9. Numbers Needed to Treat (NNT) is calculated as: (a) Reciprocal of Attributable Risk (AR) (b) (1 minus AR) (c) Reciprocal 

of Etiological Fraction (d) Reciprocal or Relative Risk (RR) (e) Is same as Population Attributable Fraction. 

Activity 5.4 

 Refer to the data set of 150 subjects which was given in Unit – 4 for practice. Assume that the data is of a 

forward (prospective) study undertaken to answer the hypothesis that overweight is a risk factor for heart 

disease. We started with 150 subjects, none of which had Heart Disease at the start of the study. Of these 

150 subjects, 31 were overweight while 119 were normal weight (data in field name “BMI_Category”, 

showing categories as “Normal Weight” and “Overweight”). After 3 years of follow up, 18 subjcets 

developed heart disease while 132 remained free of heart disease (data in field name “Final_IHD”, shown as 

0 = not developed heart disease and 1 = developed heart disease). You are advised to enter the data in an 

Excel file to ease out working this exercise as well as subsequent exercises that will follow in later units. 

Now, undertake the following exercises: 

 Make a “2 X 2” table with “overweight” as the exposed and “normal weight” as non-exposed group; and 

“developed heart disease” as outcome occurred  while “did not develop heart disease” as outcome not 

occurred.  Fill in the cells a, b, c, and d, and the marginal and grand totals. 

 Calculate the incidence in the exposed and non-exposed groups. (Okay, let us give you a hint but confirm it 

with the 2 X 2 table you have made : Ie = 19.35% or 0.1935 as a fraction and Io = 10.08% or 0.1008 as a 

fraction). 

 Calculate the RR, AR, AR%, PAR% and PAF. 

 Suppose it was a case control study, then with the same 2 X 2 table, what would be the OR, AR% and 

PAR% 



10. Vaccine Efficacy is calculated as: (a) {Incidence in Vaccinated (Iv)  -  Incidence in Unvaccinated (Iuv)} ÷ {Incidence in 

Vaccinated (Iv)} X 100   (b) {Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)} ÷ {Incidence in Unvaccinated 

(Iuv)} X 100 (c) {Incidence in Unvaccinated (Iuv)} ÷ {Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)}  X 100 

(d) 1 ÷ Numbers Needed to Treat  (e) (RR – 1) ÷ (RR). 

5.27. Summary 

 The basic requirement in epidemiology and medical research is to make comparisons between 2 or more groups – a group 

having the exposure and another group not having the exposure, and comparing these two groups as regards the amount or 

magnitude of the outcome. In case the outcome is recorded on a quantitative continuous scale, the comparisons are made 

betwee the “means” of these 2 groups. In case the outcome is measured on quantitative ordinal scale, the comparison is made 

between  medians of the two groups. In case the outcome is measured on a qualitative scale, we reduce the data in the two 

groups into summary figures, by placing the number of subjects having the outcome in the numerator and the total subjects 

studied in the denominator. Such summary figures can take the form of either an “incidence rate” or “prevalence”. 

 Incidence is truly a rate and defined as “number of subjects who develop the outcome of interest, over a clearly defined 

period of time, out of the number of subjects who were at risk of developing the outcome. In incidence, the numerator consists 

of the number (count) of subjects who develop the outcome of interest (i.e., new cases) over a clearly defined period of time, 

and the numerator consists of the total number of subjects who were “at risk” of developing the outcome when the follow up 

started. It is usually multiplied by a constant (often by 100 to express it as a %). The unit of time of follow up during which 

the outcome developed should be very clearly specified in any incidence measure. Incidence gives us an idea of the “risk” 

of developing the outcome in a particular group, over a defined time period. 

 Since incidence starts from a point at which the disease / outcome had not occurred to a future point in time when the disease 

/ outcome occurs, it is very useful for studying the causes, risk factors, course, natural history, prognotic factors, and efficacy 

of treatment / preventive modalities of a disease. However, incidence measures involve lot of time (because of the follow – 

up), are costly and logistically difficult. 

 Prevalence on the other hand is calculated as the number of subjects who are found to be having the outcome of interest at a 

particular point of time, out of the total who were examined for the outcome at that point. Since there is no relation with any 

time period of follow up, prevalence is a proportion and not a rate. Prevalence measures are not effective for studying the 

causes, risk factors, natural history, prevention or treatment factors of a disease. However, they are easy to undertake, do not 

involve too much of time or logistics. Hence prevalence is quite useful in health and hospital administration for making 

assessment of the “load” of diseases, and for planning and evaluating the health / hospital services. 

 Incidence measures are further of two types – Cumulative Incidence (CI) and Incidence Density (ID). CI is calculated in the 

same manner as incidence, which has been defined just a little earlier. It is the ideal measure oif incidence when the follow 

up period is not too long (i.e.,  a few months to maximum 2 to 3 years) and when the subjects in the study are likely to 

continue and followed up completely. On the other hand, ID is used when the time of follow up is likely to be quite long, 

subjects enter the study at different points of time and are likely to be followed up for different durations as well as are likely 

to be lost to follow up. In ID, the numerator is the same as CI, i.e., number of subjects who develop the outcome over the 

defined period of follow up, but the denominator is not total number of subjects, but rather the total number of “person – 

time”, i.e, the sum total of individual times of follow up given by each subject. 

 Prevalence measures are also of two type, namely, Point prevalence and Period prevalence. Point prevalence is mostly used 

and is same as prevalence as described above. Period prevalence on the other hand includes the point prevalence at the start 

of the study and the incidence over the subsequent period of follow up. Period prevalence is very rarely used in 

epidemiological and statistical work. 

 Once the estimate of incidence or prevalence has been worked out from an epidemiological or medical research study, the 

next step is to calculate an estimate of the additional risk which the exposure variable carries in causing the disease. For this 



purpose, two set of measures are available – measures of risk ratio (also known as measures of association or measures of 

relative effect), which tell us “how many times” more is the risk in exposed group as compared to the non exposed group, 

and secondly, measures of risk – difference (or measures of impact or measures of absolute effect).  

 The most common and traditional measure of relative effect is the Relative Risk or Risk Ratio (RR) which is calculated as 

the ratio of incidence of the outcome in exposed group (Ie) divided by the incidence in the unexposed group (Io). It is a very 

good measure of the strength of association between an exposure and an outcome variable. Value or RR = 1 indicates the 

“null” or “no association” or “no effect” level. Farther the value of RR from 1, stronger is the association between the 

exposure an outcome variable. Values of RR more than 1 indicate that exposure increases the risk of outcome while values 

of < 1 indicate that the exposure has a “protective effect (reduces the risk of outcome). 

 RR can be measured only in a classical “forward” (prospective) study which measures the incidence in the exposed and non-

exposed groups. However, in a case control study which does not move forward and does not measure the incidence, we 

cannot measure the RR. However, what we can measure is the Odds Ratio (OR) which under certain assumptions (that the 

disease outcome is rare and the controls are derived from the same source population which gave rise to cases), becomes a 

good and valid estimator of the RR. OR is measured as a “cross-product ratio” as the product of E+O+ and E-O- divided by 

the product of E+O- and E-O+. In a cross – sectional study, on the other hand, the measure of risk ratio is by calculating the 

“Prevalence Odds Ratio” (POR). 

 Measures of Risk Difference on the other hand tell us about the absolute difference in the amount of risk of outcome due to 

exposure variable as compared to when exposure is not present. The most important measure of risk difference is the 

“Attributable Risk” which is calculated as (Ie – Io). Another important measure is “Etiological Fraction” which is calculated 

as (RR-1) ÷ RR. In a case control study, these measures can be calculated under the assumption that OR is approximately 

equal to the RR. Two other important measures of impact are the NNT, which is mainly used in clinical trials and the PF 

which is mainly used in Preventive trials (especially vaccine trials). 

5.28. Glossary 

 Exposure variable / exposed / non-exposed group: Also known as “Independent variable”, “Predictor variable”  and “cause 

variable”. It is the variable which, as per the hypothesis or the research question, is the hypothesized cause, which leads to 

the postulated effect or the outcome that is being studied in the research work. For example, in the research / epidemiological 

hypothesis which states “if one eats cranberries, it leads to  development of stones in the kidneys”,  “eating cranberries” is 

the exposure variable. Those who eat cranberries are the “exposed” group while those who do not eat cranberries are the 

“non-exposed” group. 

 Outcome variable: Also known as “dependent” or “effect” variable. It is the variable which according to the hypothesis / 

research question, is hypothesized to occur due to the hypothesized exposure variable. In the above example, “development 

of kidney stones” is the outcome variable; those subjects who develop renal stones are the group which have (or develop) 

the outcome, while those subjects who do not develop or do not have renal stones are the ones who do not have the outcome. 

 2 X 2 Table: It is the heart of most of the basic epidemiological or medical research studies, It is a contingency table which 

has 4 cells made from 2 rows and 2 columns. The 2 rows denote the two exposure groups – exposure present or exposure 

absent, while the two columns denote the outcome groups – outcome present (or developed) and outcome absent (or did not 

develop). With the above permutation and combination, the 4 cells, clockwise starting from the upper left cell respectively 

indicate: (a) subjects who have both the exposure as well as outcome (b) subjects who have the exposure but not the outcome 

(c) subjects who do not have the exposure but have the outcome (d) subjects who neither have the exposure nor the outcome. 

Practically all calculations involving incidence / prevalence, RR / OR / POR, and AF / AFe / PAR% / PAF / NNT / VE are 

drawn out of this 2 X 2 table. It has often been said by experts : “If you know the 2 X 2 table, you know half the epidemiology 

/ medical research methodology”. 



 Frequency: A numerical expression which summarises the magnitude of the outcome or the disease being studied, by placing 

the count of subjects (i.e. the numbers) who have the outcome or disease of interest in the numerator and the total subjects 

studied in the denominator. It is technically expressed as a fraction or decimal between 0 and 1 but can be multiplied by a 

constant as 100, 1000, etc., to express it as a percentage or “per 1000” etc. 

 Incidence Rate: A frequency measure in which the numerator consists of the number of subjects, (who were initially free of 

the disease or outcome of interest when the study started but were, nonetheless, “at risk” of developing the disease), who 

developed the disease or outcome of interest over the clearly defined time period of follow up, while the denominator consists 

of the total number of subjects who were followed up in the study. Important features of incidence are: firstly, there should 

be a group of subjects who were initially, at the start, free of the disease or outcome which is being studied. Secondly, they 

should be susceptible to develop the disease of interest (e.g., persons whose appendix has been already removed earlier are 

no longer at risk of developing appendicitis). Thirdly, there should be a clearly defined time period of follow up during which 

the subjects should be followed up to ascertain whether they developed the disease / outcome of interest or not. The often 

used term “Cumulative Incidence” (CI) is the same as Incidence rate. 

 Prevalence: Computed by placing the number (count) of subjects found to be having the disease or outcome of interest at the 

particular given point of time, in the numerator,  and the total subjects examined in the denominator. There is no follow up 

nor any relation to a defined time period of follow up and hence it is NOT a rate, while incidence is truly a rate. 

 Incidence Density: Calculated as Incidence rate with the difference that the denominator consists of a measure of “person – 

time” (computed by adding up the time of follow up given by each subject in terms of years, months, etc.). Used in 

epidemiological / medical research studies in which time of follow up is likely to be quite long (many years or decades) and 

subjects of the study may enter the study at different points of time (and not start at a fixed point of time for all subjects as 

happens in a Cumulative Incidence study) or they are likely to leave the study cohort in between the study for various reasons 

as migration, death due to other diseases, lost to follow up, etc. 

 Measures of Risk Ratio : (Also called measures of “Association”). They measure as to how many times is the incidence more 

in the exposed group compared to the non exposed group. They also measure the strength of association between exposure 

and outcome variables – more the value away from unity (1), more strong is the association between the exposure and 

outcome variable. These measures are : Relative Risk (also called Risk Ratio or RR) in a forward, incidence type of study, 

Odds ratio (OR) in a case Control study and the Prevalence Odds ratio (POR) in a cross-sectional study. 

 Measures of Risk Difference. These are measures for assessing as to “how much more in absolute terms” is the risk increased 

among the exposed group as compared to non-exposed group. The different measures in this category are Attributable Risk, 

Attributable Risk Percent, Population Attributable Risk Percent and Population Attributable Fraction. 

 Relative Risk. Also called as Risk ratio (RR), is the ratio of incidence of the disease or outcome in the exposed group divided 

by the incidence in the non-exposed group. It can be measured in  a “forward” (prospective) type of study which measures 

incidence. It can vary from 1 to infinity if the exposure increases the risk, and from 1 to 0 if the exposure reduces the risk of 

outcome. Value of exact 1 is the “null” or “no effect” or “no association” value. It gives the strength of association between 

the hypothesized exposure and the postulated outcome variables; farther the value of RR from 1, stronger the association. 

 Odds Ratio (OR). It is an estimator of RR in a case-control study which otherwise cannot measure the RR directly. It is 

calculated as a cross-product ratio as {(E+O+) X (E-O-)} ÷  {(E+O-) X (E-O+)}. It is a valid estimator of the RR provided 

that the disease / outcome being studied is rare (incidence in general population is less than 5%) and that the controls are 

drawn from the same source population which gave rise to cases. If these two assumptions are fulfilled, then OR from a case 

control study has the same properties and functions as RR from a prospective study. 

 Prevalence Odds Ratio. (POR). It is a measure of relative risk and strength of association between exposure and outcome 

variable in a cross-sectional study and is calculated as prevalence of outcome in the exposed group divided by the prevalence 



of outcome in the non-exposed group. In case the disease is a rare one, (i.e., prevalence is < 5%) and the sample studied is 

fairly large, it can be calculated as a cross-product ratio, as is done for OR. 

 Attributable Risk. (AR). The most commonly used measure of risk difference. It is the difference between the incidence 

among exposed group (Ie) and the incidence among unexposed group (Io). ( AR = Ie – Io).   

 Attributable Fraction for Exposed (AFe) (Syn, Etiologic Fraction (EF), Etiologic Fraction for Exposed (EFe), Attributable 

Risk Percent (AR%). This is calculated as: AFe  = {(Ie – Io) ÷ Io} X 100. It can also be calculated as: {(RR – 1) ÷ RR} X 

100. It tells us the proportion of the load of outcome / disease among the exposed group which is due to the exposure variable; 

or else, the proportion of reduction that will occur in the outcome or disease among the exposed group, if exposure variable 

is given up by the exposed subjects.  

 Population Attributable Fraction (PAF) (Syn. Population Attributable Proportion (PAP) ; Attributable Proportion in Total 

Population (APT) :-  It is a measure of the load of outcome, in absolute numbers, in the total population (which consists of 

both the exposed as well as non-exposed subjects), which is due to the exposure variable ; it also tells us about the amount 

of reduction, in absolute numbers, which is likely to occur in the disease / outcome, if the exposure variable is withdrawn 

from the total polulation. It is calculated as :   PAF    =    (AR  X  Pe), where AR = Attributable Risk and Pe = Proportion 

of the total population which is likely to have the exposure of interest. 

 Population Attributable Risk Percentage (PAR %) (Syn. Etiologic Fraction Total Population (EFT) :-  It is calculated as : 

[{(Pe) X  (RR - 1)}] ÷  [{ 1 + {(Pe) X   (RR – 1)}]   X  100. It tells us of the proportion of the disease / outcome which can 

be prevented in the total reference population if the exposure is removed from the total reference population. The difference 

between PAR% and PAF is that while PAF gives the reduction in absolute numbers, PAR% gives the reduction as a 

proportion or percentage.  

 Preventive Fraction & Vaccine Efficacy. Preventive Fraction (PF) is used as a replacement of Attributable Fraction for 

exposed (AR %), when the exposure is protective, i.e., reduces the risk of outcome. (PF) is calculated as                                        

PF= {(Io)  -  (Ie)} ÷ {Io} X 100. The use of PF becomes most apparent in trials of vaccines where it also called as 

“Efficacy of vaccine” and is measured as:  Vacccine Efficacy =                                                                                                                                        

{Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)} ÷ {Incidence in Unvaccinated (Iuv)} X 100 

 Numbers Needed to Treat (NNT). It is the number of cases of a disease that will require to be treated with the new (trial) 

mode of therapy as compared to the control therapy (i.e., existing, standard mode of therapy) to produce one extra case of 

cure. It is calculated as the reciprocal of Attributable risk, i.e., (1 ÷ AR). 

5.29.    Self-Assessment Test 

 Compare and Contrast between incidence and prevalence in a tabular form. 

 Write Short Notes on : (a) Cumulative Incidence Rate (b) Incidence Density Rate (c)  Point Prevalence (d) Period Prevalence. 

 Discuss the various measures of “Differences in Risks” in epidemiology and research methodology, from a classical forward 

type of incidence study and from a case control study. 

 Write short notes on: (a) Relative Risk (RR) (b) Odds ratio (c) 2 X 2 table 
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5.31.    Answers to Check Your Progress Questions 

1. (a) incidence is a rate while prevalence is a proportion. Both have a numerator and a denominator and in both numerator is a 

part of the denominator. However, incidence is always related to a measure of time and hence is a rate while prevalence is not 

related to any time-duration but refers to a point of time. 

2. (b) Incidence density. It is only in incidence density that the sum total of the period of follow up for each subject is placed in 

the denominator and the number of new cases of the disease of interest which occurred in the period of follow up are placed in 

the numerator, and the result is expressed as number of cases of the disease per person year. 

3. (c). Prevalence. It is prevalence and not any other measure as incidence, mean or median which gives us an idea of the “load” 

of a disease or health related condition, thereby being of great utility in planning the health services and allocating scarce health 

resources at the right place and time. 

4. (e) Period prevalence. Period prevalence is hardly ever used in bio-statistical calculations since it is a combination of two 

different measures – the point prevalence at a point of start and the incidence for the defined period of time subsequently. It is 

mainly used in planning the health / hospital services. 

5. (b). Cumulative Incidence. For assessing the natural history of a disease or the role of prognostic factors in a disease, we have 

to follow up a group of subjects from a defined point of time when the disease or its complication has not occurred to a future 

point of time, in a fixed group of subjects and not a group of subjects who keep entering and exiting at different points of time. 

This is possible only when we work on the lines of cumulative incidence. 

6. (b) The exposure is protective and reduces the risk of disease by half. If RR is less than 1, it means protective effect of the 

exposure on the outcome. If it is 0.5, it means that the incidence in exposed group is only half (50%) of the incidence in non-

exposed group, i.e., exposure reduces the risk of disease by half. 

7. (c) & (e). (c) Disease outcome being studied should be rare, and (e) controls should come from same source population 

from which cases have come. These are the two assumptions which are essential for the OR from a case control study to be a 

valid estimator of the RR.  

8. (d) Attributable risk. Attributable risk (AR) requires knowledge of Ie and Io. Since there is no way that we can estimate Ie 

and Io directly from a case control study, we cannot calculate AR. 

9. (a) Reciprocal of Attributable Risk (AR).  

10. (b). Vaccine Efficacy is calculated as: {Incidence in Unvaccinated (Iuv)  -  Incidence in Vaccinated (Iv)} ÷ {Incidence in 

Unvaccinated (Iuv)} X 100. 

 

 


