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15.1. Introduction. 

15.1.1. In the last unit we deliberated on the details of  “Analytical Observational studies”, namely the case control studies, 

cohort studies and cross-sectional analytical studies. We now move on, in this unit, to another set of Analytical studies, namely 

the “Experimental” or “Interventional” studies, as well as a very special type of design undertaken in medical research, namely 

the “Diagnostic Test Evaluation” studies. 

15.1.2. In epidemiology and medical research, the “experimental” design (also synonymous with “intervention design”, 

“clinical trial”, “randomized controlled trial – RCT”) represents the “ultimate science” from the methodological strength point 

of view. This is because of the power of “randomization” undertaken in the trial, by which a group of subjects are randomly 

allocated into two or more groups (a trial group and a control group) in a manner that all subjects have equal probability of 

coming in either of the groups. This ensures that the two or more groups so formed are similar to each other in all baseline 

characteristics and that any difference following the intervention, will be due to the effect of the intervention and not due to 

any difference in their baseline characteristics. In addition to randomization, the process of prospective follow up, placebo 

control and single / double blinding further add to the strengthening this design. 

15.1.3. Experimental designs, though scientifically the strongest, have their own limitations too, which should be clearly 

understood. Firstly, they can be used only for studies which are directed towards assessing the efficacy of a new therapeutic 

procedure (as a new drug, or medical or surgical procedure) or a preventive modality (as a vaccine or preventive drug or health 

education, etc.). They cannot be used for studies directed towards studying the risk factors for a disease nor they can be used 

for studying the role of prognostic factors or natural history of a disease. Secondly, they are quite costly and need a lot of 

logistics backup, besides requiring a teamwork of well qualified clinicians, epidemiologists and biostatisticians. Thirdly, 

ethical issues are very important and should be adequately addressed in clinical trials because there is an “intervention” whose 

effect is not yet known (that is why it is being evaluated) and which may have harmful effects, besides possibly denying this 

intervention to the control group in case it is known to be good. For these reasons, clinical trials need a lot of planning and 

scientific rigor, and should be undertaken only in situations when they are absolutely required and these situations are when 

we are trying to assess the efficacy of a new therapeutic or preventive procedure. 

15.1.4. Besides clinical trials, another type of studies which are very important for research in the medical world are the 

“diagnostic test evaluation” studies. These studies proceed to assess the efficacy of a new diagnostic test, which is proposed to 

be introduced for better diagnosis or for more cost effectiveness. Such diagnostic test requiring evaluation may be a new 

laboratory procedure or a radiological procedure or even a combination of clinical signs and symptoms. The evaluation of 

diagnostic tests is performed by specialized studies which do not calculate the RR or OR, or undertake statistical tests of 

significance but rather take a very specialized analysis by calculating the sensitivity, specificity, predictive values and 

likelihood ratios.  



15.1.5. In this unit, we will have detailed discussions regarding experimental designs (in part – 1 of this unit) and diagnostic 

test evaluation studies (in part – 2). 

15.2. Objectives. After studying this unit you should have a clear understanding of: 

15.2.1. Definition, organizational structure, and types of Experimental design (Clinical trial or experimental design). 

15.2.2. Advantages, disadvantages and indications of experimental designs. 

15.2.3. Steps in planning, designing and conduct of an experimental / interventional design / clinical trial. 

15.2.4. Various procedures in analysis of an experimental design. 

15.2.5. Definition, indications and understanding of various terms used in “diagnostic test evaluation” studies. 

15.2.6. Steps involved in planning, designing, and conduct of a “Diagnostic Test Evaluation” study. 

15.2.7. Analysis of diagnostic test evaluation study, including ROC analysis. 

Part – 1 : Interventional Studies (Experimental Studies, Randomized Controlled Trials, Clinical Trials). 

15.3. Overview and Definition. The ideal design to practice in medical research settings is the experimental design; in fact it is 

a model (paradigm) scenario in epidemiology and medical research. To start with, let us recapitulate, through at the cost of slight 

repetition, as to what the design looks like. We have already seen in unit - 13 that the process of an experimental design can be 

represented by the line diagram as shown in figure 15.1. It is clear from the figure that the epidemiologist (investigator) draws a 

random, representative sample from the study population. He then excludes out, from this random sample, all those who already 

have the outcome of interest, thus retaining only those who do not have the outcome of interest at the time of starting the study. 

In addition, quite naturally, none of these selected person would have the exposure of interest at this point of time. Now, having 

assembled such a group, the investigator, “randomizes” (i.e. randomly allocates) this group into two, such that every subject has 

similar chance of coming in either of the two groups. He now gives the “exposure” of interest to one group (O – E+) and a 

‘placebo’ only to the other group (O – E –) and follows them up for a relevant period of time, at the end of which he compares 

the two groups as regards the development of the outcome of interest. The terms “Interventional Design”, “Experimental 

Design”, “Randomized Controlled Trial” and “Clinical Trial” are synonymous and often used interchangeably. 

15.4. Diagrammatic Representation of Interventional Design. A diagrammatic representation of intervention design is presented 

below in Fig – 15.1. 
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 The noteworthy thing in the experimental design is, thus, that it is the investigator who intervenes actively, deciding 

(of course, in a random fashion) as to who will get the exposure and who will not. It is this aspect which differentiates the 

experimental design from the other type of prospective study (the cohort study) in which the subjects have themselves taken up 

the exposure by their own choice (e.g. smokers and non smokers), the exposure not being dictated by the investigator. This issue 

may sound trivial, but has far reaching consequences in the validity of research; e.g. lung cancer may be higher among smokers 

as compared to non-smokers because persons may take on to smoking because of certain genetic factors, and by virtue of these 

genetic factors, they may be more prone to lung cancer; thus, the cause of lung cancer may not be smoking but certain genetic 

factors. On the other hand, if the investigator would have “randomly” divided a group of human beings, (initially non smokers  

and not having lung cancer) into two groups and asked one group to smoke and the other not to, then these two groups would 

have been exactly similar to each other in all aspects, including genetic factors, and would have been dissimilar to each other 

only in respect of the exposure so allocated (i.e. smoking), and any difference in the two groups as regards subsequent lung 

Fig-13.1: 
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cancer occurrence would have been due to the exposure (smoking). Apparently, such a design using a harmful exposure like 

smoking is only a theoretical possibility but, nonetheless, explains the scientific importance of “intervention” in epidemiology 

and research methodology. 

15.5. Illustration of experimental design with an example. To further explain the conduct of an intervention design, let us say, 

we want to study whether it is worthwhile to give isoniazid chemoprophylaxis to children who are close contacts of open cases 

of pulmonary TB. For undertaking an experimental study, we would take a random sample of, say, 100 children, out of the study 

population of, say 1000 children who are close contact of open cases of pulmonary TB. We would now examine all these 100 

children and would exclude, from our study, all those children who already have our “outcome” of interest, i.e. “Tuberculosis” 

at this point. Let us say we had to exclude 10 children out of these 100 since they already had TB, thus leaving 90 non tubercular 

children in our study. Now, we would ‘randomly’ divide these 90 children (say by drawing lottery chits or tossing a coin) into 

2 groups and give the ‘exposure’ i.e. isoniazid tablets to one group (say group ‘A’), while the other group will only get a placebo 

(i.e. a tablet containing calcium, having shape, size, taste, colour and dosage exactly the same as for isoniazid). The two groups 

A & B, of 45 children each would then be ‘followed’ up for a “clinically meaningful” period of time, say 5 years, and we shall 

examine all the children (in both groups) periodically during these 5 years for the development of Tuberculosis. Let us say, 3 

out of the 45 children in the isoniazid group developed TB during the 5 years follow up period while 9 children of the 45 given 

placebo developed TB. Thus, the incidence of TB among ‘exposed’ group (i.e. getting isoniazid) is 3/45 = 6.67% and among 

the non exposed (i.e. not getting isoniazid) is 9/45 = 20%; thus, the “relative risk” of developing TB when getting isoniazid is                   

 

 

Incidence in exposed 

Incidence in non exposed 

        

 = 6.67/20 = 1/3. Thus, we would conclude that the chances of developing TB if isoniazid chemoprophylaxis is given 

(to children who are close contacts of open pulmonary TB cases) is only third as compared to when isoniazid is not given; in 

other words, isoniazid chemoprophylaxis reduces the chances of getting TB by two thirds or 66.7%. 

 The above example of a hypothetical experimental design would let us easily understand the advantages and 

disadvantages that are inherent in this design: -  

15.6. Advantages of Interventional Studies. The advantages of this design are:  

- Scientifically ideal method 

- Removes a large number of biases related to selection and measurement.  

- Controls for confounding through randomization; thus the two groups are exactly similar to each other excepting for 

the exposure of interest. Thereby, it fulfills the basic dictum of research, which says “all other things being equal, it is 

the “exposure” of interest that has made the difference in the “outcome”. 

- Ensures temporal relationship between exposure and outcome. 

- Builds up “faith” in the findings of the study. 

15.7. Disadvantages of Interventional Designs. The above mentioned advantages come at the cost of certain disadvantages, 

namely: 

- In many of the medical situations, especially those which concern study of “risk factors” or “prognostic factors”, one 

can not “randomly” allocate human beings into two groups; e.g. in our earlier example on smoking and lung cancer, 

we can not randomly divide human beings into two groups and ensure that one group smokes while the other does not. 

- The second major disadvantage, even when “random allocation” is possible, is the ethical issue; at times it may not be 

ethical to randomly divide, thus exposing the ‘exposed’ group to a potentially harmful treatment or procedure; or to 

deprive the ‘non exposed’ group of a potentially useful measures. 

15.8. When to use an experimental design . Apparently, one has to carefully examine the advantages and disadvantages that are 

inherent in an experimental design and decide whether it is correct to use an experimental design for answering his research 



question. In general, one should ask himself the following questions; if the answer to any of them is ‘Yes’, one can go ahead 

with an experimental design: -  

Q.No. 1 –  

a) Are you studying the efficacy of a therapeutic procedure (Drug, Surgical procedure etc). 

     OR 

b) Are you studying the efficacy of a preventive procedure (Vaccine, Sera, Chemoprophylaxis, exercise  

     programme etc)           

     OR 

C) Are you studying the efficacy of a health care system or procedure (e.g. domiciliary vs. institutional  

     care).   

 Now, if the answer to any one of the above questions (Q.No 1 (a) to (c) is ‘Yes’, go to question no. 2. however, if the 

answer is ‘No’, explore the possibility of using an observational design (cohort; case control etc). 

Q.No. 2 –  

 Can you “randomly divide the subjects into two groups, one getting the intervention and other not to get it?: -  

a) Is it “feasible”? 

b) Is it “ethical”? 

 If the answer to the above (2 (a) and (b)) is “Yes”, go ahead with an experimental study. however, if the answer to any 

one or both of 2 (a) or (b) is “No”, consider the possibility of a “quasi experimental” design. Even if quasi experimental design 

is not possible, consider an observational study (case control or cohort) or, still better, review and revise your research question 

– there may be some flaw in your research question. 

15.9. Types of experimental studies. The experimental typology may be adapted to different research settings: -  

a) Clinical (Therapeutic) Trial – This is the classical setting of an intervention (experimental) design. Examples are drug 

trials, trials of surgical procedures or other medical therapeutic procedures concerned with individual patient care. 

b) Preventive Trial – Trials of “individualized” preventive measures, e.g. vaccines, sera, chemoprophylaxis etc. 

c) Risk factor Trial – Risk factor trial, is in ethos, same as preventive trial. However, the difference is that the intervention 

in a preventive trial is an actual medical procedure (as vaccine) which is given (or not given) to individual subjects. On 

the other hand, in risk factor trial, the intervention is not an actual physical administration but rather an abstract 

phenomena, e.g. asking a group of subjects (randomly selected, of course) to start “regular physical exercise”, Here, 

regular physical exercise is the “intervention” of interest which is not physically administrated (like a vaccine or drug) 

but is rather a “conceptual” procedure. 

d) Community intervention Trial – In a preventive trial (e.g. trial with a vaccine) we would randomly allocate the subjects, 

e.g. we will allocate the individual children to the vaccine or the placebo group. However, in a trial which seeks to 

study whether providing fluoridated water supply is effective in reducing the occurrence of dental caries, it would be 

practically impossible to randomize individual children to receive or not to receive the intervention (fluoridated water 

supply). In such a setting, we would randomize at the level of “communities” or “clusters of humans”, thus allocating 

randomly a few villages to get the fluoridated water supply and few others to get ordinary supply. However, the unit of 

assessment still remains the individual subject; e.g. in this example, we would examine each and every child of all the 

villages (being supplied or not being supplied with fluoridated water) for DMF teeth. This is an example of community 

intervention trial, where “random allocation” is done at the level of “communities” or “clusters” of subjects though, the 

assessment of outcome is done at individual subjects level. Such trials are of special interest for public health 

administrators for evaluating the effectiveness of environmental procedures, health educational measures etc. The 

understanding of this type of experimental study becomes important since the “unit of random allocation” (i.e. the 

communities) is different from the “unit of assessment of outcome” (i.e. individual subjects). It is quite possible that 

the two groups (of communities) formed after random allocation may be quite different from each other in as far as 

characteristics of subjects is concerned eg, the children in the group of villages going to receive fluoridated water may 

be otherwise well nourished, or may be having better oral hygienic practices. A “baseline” comparison between the two 



communities as regards relevant characteristics of subjects should therefore be done in such studies to show that the 

two groups are similar to each other (e.g. in the above study, we would compare the children of the two “community 

groups” regarding their age and sex structure, oral hygienic practices, educational and economic status of parents and 

habits of eating starchy/sugary foods to show that there is no significant difference between the two communities as 

regards these characteristics of children; if there is, then data for all the relevant factors should be recorded and later 

adjusted in analysis (see chapter on confounding). 

e) Health Services evaluation Trial – Community intervention trials may often be used to answer research questions 

pertaining to the efficacy or effectiveness of health services or health policies; e.g. “whether to provide 10 Doctors or 

100 Multipurpose health workers within the same budget” or “whether to provide free oral rehydration salt packets or 

else to provide health education to mothers” etc. Basically, the architecture is the same as that of community 

intervention trials, with an added element of health economic analysis (see chapter on studies on health economic 

analysis). 

f) Cessation Experiment – A contemporary of “risk factor trial”, the only difference being that while in a risk factor trial, 

a preventive ‘concept’ is introduced as an intervention (e.g. physical exercise package), in a cessation experiment, a 

harmful factor is “removed” from the intervention group (e.g. a group of smokers, free of IHD, may be randomly 

divided into two groups, and one group may be asked to give up smoking, while the other group continues to smoke; 

the two groups are then followed up for development of IHD). 

15.10. Quasi – Experimental Designs.   Ideally, an experimental design should have the three essential elements of 

“Randomization”; controls (usually placebo-control); and Blinding. This is what is called the “Randomized, Controlled, and 

Blinded Trial” (RCT). This is the most scientific way of conducting an experimental study and which we shall discuss 

subsequently. However, often such ideal conduct on the basis of RCT, as described above,  may not be possible; one has to be 

pragmatic and take a practical approach. Say, at times, one may not be able to “randomly” allocate subjects into two groups. At 

times the “placebo” part of control may be impossible (e.g. surgical vs. medical management of IHD). Then, there may be 

situations when “blinding” may be impossible, as in surgical interventions. Such circumstances when an “intervention” has been 

given to one group of subjects and not given to another group, but the procedure of “random allocation” or “placebo” control or 

else “blinding” has not been enforced for various reasons of practicability or ethics, are called as “Quasi-experimental” studies. 

These Quasi-experimental studies may be of following types: -  

a) Quasi-experimental studies where “Random allocation” is not done – At times, the two groups may not be “randomly 

allocated”, one to receive the intervention and other not receiving the intervention (control). Forces other than the 

investigator decide as to who gets the intervention and who does not. Such studies may be broadly of two types –  

(i) Non randomized “concurrent” trial –The subjects keep entering the study and are divided into the two groups, not 

by random allocation by the investigator but by various other circumstances, e.g. patients of IHD may automatically 

get divided (depending on their clinical condition, ability to pay etc.) into a group who would continue on medical 

management and another who would go up for surgical treatment. The two groups can then be compared for studying 

medical vs. surgical treatment for IHD. Another setting could be to take patients of IHD from a cardiology clinic 

(medical treatment) and those post-op attending a chest surgery unit (surgical treatment) and follow them up. 

(ii) Before and after trial using “historical controls” – The results of a new medical procedure can be compared with the 

results that used to come up before the procedure was available. E.g. the results of selective vagotomy may be 

compared with the earlier results when truncal (and not selective) vagotomy was used. Such studies are also quite 

common in public health administration, e.g. the death rate due to car accidents after introduction of compulsory 

seat belt legislation was compared, in Australia, with the death rates before such legislation.   

b)  Quasi-experimental design where ‘Placebo’ aspect of control is compromised – A ‘Placebo’ is given to the controls to 

study the specific effect of the intervention of interest over and above that which could have occurred otherwise also, 

simply because some medicine (or medical procedure) is being administered, as a result of “psychological effect” on the 

patient. However in many surgical settings, as well as health administration settings, having placebo is impossible and 

Quasi-experimental design without placebo has to be resorted to.  



c) Quasi-experimental design due to compromise in the process of blinding – Blinding, as we shall see later, is essential, in 

an ideal experimental design so that neither the subject nor the investigator is carried away to make biased opinion simply 

because of the awareness of the subject having received the particular intervention. However, in most of the surgical as 

well as health management settings, blinding (even single blinding) becomes impossible. 

15.11. Disadvantages of Quasi-experimental design. As far as possible, the medical researcher and epidemiologist should 

undertake a proper experimental design (RCT). However, many occasions will come when pragmatically, RCT would be 

impossible and one would have to resort to a quasi-experimental design as discussed above. In such situations one must keep 

in mind the potential disadvantages that may occur in these designs so that one could assess whether any bias might have crept 

up, when making conclusions from the results of such quasi-experimental studies. The disadvantages, i.e. the sources of bias 

in the quasi-experimental study are: -  

 High potential that the intervention and control group used for comparison are not similar to each other. One crude 

method to improve the faith in the findings of a quasi-experimental study is to make a “base line” comparison between 

the two groups as regards certain important variables like age, sex, education, income, clinical condition etc; if the 

two groups are not equal at baseline, efforts to adjust for such confounding variables should be made during analysis. 

 “Selection” factors may be operating; e.g. patients who are taken into surgical treatment group for IHD may be as 

such, in a much better state of cardiovascular function as compared to medical treatment group, and hence their 

outcome may be better because of this reason and not because of the effects of the therapy. 

 Improvement noticed in a ‘before and after trial’ may simply be because other patient management techniques may 

also have improved recently; or else because the data collected earlier was incomplete or erroneous.  

 It is therefore imperative that whenever a researcher proposes a “Quasi-experimental” study, she should carefully view 

the above facets to see whether any bias may come up in his study and take actions to obviate such bias; or at least collect the 

data on all factors so that adjustment during analysis can be done. 

15.12. When is a Trial Not Required. There are certain situations when the results of a medical procedure are so obvious, that 

based on expert opinion, a trial may not be required at all; e.g. –  

- Extreme surety from patho-physiological basis, e.g. One is sure that Vitamin B-12 should be used in megaloblastic 

anemia. 

- Fatality is almost 100% without treatment, e.g. Insulin in Diabetic Keto Acidosis. 

- Survival likely to be as high as 90% with treatment; e.g. Penicillin for streptococcal pneumonia. 

15.13. Steps in Conducting a Randomised, (Placebo) Controlled (Double) Blinded Trial (R.C.T.). The sequence of steps in 

conducting an ideal experimental design (RCT) are as follows: -  

15.14. Step I: Deciding – Is clinical trial really required? Should it be done? Can it be done? 

Undertaking a clinical trial is not an easy affair. It costs considerable amount of specialized manpower, finances, 

equipment and dedicated efforts. It is therefore advisable that before one starts thinking of a clinical trial one should carefully 

asses whatever it is really necessary to undertake a clinical trial.  Firstly, a detailed review of literature should be undertaken to 

see whether the question has already been answered by some other workers and whether the findings can be adopted by us for 

our patients. Meta-analysis of published and  even unpublished papers are also advisable because that may answer the issue 

without actually undertaking the clinical trial. For example reports of 21 randomized clinical trials on the efficacy of the 

antibiotic prophylaxis for colorectal surgery were published between 1969 and 1987. All of them were small size studies and 

had given statistically not significant results. However a meta-analysis was done and it clearly showed that antibiotic prophylaxis 

was, indeed protective. The issue was thus clearly answered without undertaking a time and money consuming clinical trial.   

Secondly, decide whether the issue really an issue. Does it have some novelty and relevance? Thirdly, ask yourself 

whether it is feasible to do a clinical trial - whether you have the required expertise; the required equipment and expendables;  

the required infrastructure facilities and manpower; the required finances; and above all - will the required number of 

patients/subjects as calculated through sample size , be available. Finally, ask yourself, whether the trial is ethical? Broadly 

answer the following questions:-  Are the subjects likely to be exposed to an intervention modality which has high  probability 



of causing adverse effects? Is the control group going to be deprived of an intervention modality which is known to be beneficial? 

Will an informed consent be taken – this means that the subjects will be informed of the scope including the possible side effects 

and of the fact that, through a lottery (Randomization), they may either get the trial modality or else the control treatment and 

having been so informed they should then agree to participate voluntarily and willfully without any coercion and unnecessary 

motivation? Will there be enough safeguards in place to maintain the confidentiality of the subjects?. 

15.15. Step2: Clearly state the research question and the variables of study :- The research question should be developed after 

lot of reading and deliberations with experts. At times, the researcher may have more than one research question. In such cases 

one should clearly define out the primary question – this is one in which the investigators are most interested. The main statistical 

issues including the sample size calculation would revolve around the primary question. The secondary questions are subsidiary 

to the primary question; or else, sometimes, the data collected for the primary question may also be used for answering the 

secondary question. Having clearly defined the research question, the investigator should exactly and clearly list out as to what 

all “variables” will be studied to answer the research question. Broadly, there are four categories of variables that need to be 

enunciated: 

 The exposure variable: This means the “intervention” under study. The complete details including the dosage, method of 

administration etc. should be clearly defined. Secondly, the way this variable is going to be recorded should be described. For 

example, in the clinical trial to study whether oral aspirin prevents the recurrence of acute MI over the next one year, the 

recording may be made as a dichotomy (subjects given aspirin 150mg/day are recorded as E+ and those given placebo recorded 

as E- ), or recorded at many levels in a graded fashion (given placebo / 75mg/ day / 150 mg/day / 225 mg/ day). Such clear 

definitions are important since subsequent statistical analysis will depend on how variables have been recorded. 

 Co-Interventions:- Often co-interventions may be studied in addition to the primary intervention. For example in a trial of new 

ACE inhibitor as primary treatment of hypertension, the researcher may also desire to study the effect of “life style change”  

as co-intervention. Co- interventions should be as clearly defined as primary exposure variable.  

 The outcome variable : The outcome variable is the end point that is of utmost importance to the investigator. Usually it is 

recorded as outcome achieved (O+ , e.g. patients who got cured) and outcome not achieved (O - , e.g. patients who were not 

cured). Care should be taken to clearly define one “primary outcome” or the “endpoint” variable which is of most interest to 

the researcher and around which the analysis and sample size calculation would revolve. In addition, “secondary outcome” or 

the “other endpoints” variables can be defined. For example, in the trial of Bupripion 300mg/ day vs placebo for bringing 

about smoking cessation in patients with acute cardiovascular disease the outcome variable was defined as :- Primary outcome: 

“7  day point prevalence of tobacco abstinence, one year after discharge, self reported and validated by saliva cotinine 

analysis”.  

 Secondary outcomes:- These are additional outcome variables, besides the primary outcome variable and they should also be 

very clearly defined. For example in the above trial of Bupripion, Cotinine validated cigarette abstinence at the end of treatment 

(12 weeks) and duration of post discharge abstinence (No. of days till first cigarette smoked after discharge), were defined as 

the secondary outcome variables.  

 Confounder variables: Ideally there should be no need to measure the confounder variables in a clinical trial once 

randomization has been done, since randomization is itself a very powerful tool for controlling confounding. However, in 

small size trials, randomization   may not have that much effect in controlling confounding by bringing about a perfectly equal 

distribution of all variables in the two groups. Secondly it may also be worthwhile to do a baseline comparison between the 

intervention and the control group in respect of important confounding variables to show that randomization has been effective. 

It is therefore advisable, rather necessary, to collect data on major confounding variables i.e. those which are directly related 

to both the exposure and the outcome variables. For example in a clinical trial on the efficacy of different antimalarial regimens  

in bringing about Falciparum parasite clearance in 4 weeks among antenatal cases, the confounding factors which were 

recorded and compared at the baseline were age, gravidity, parity, trimester, evidence of previous chloroquin use, hemoglobin 

concentration and pre-treatment parasite density. 



15.16. Step3: Enumerate the inclusion and exclusion criteria:-  Clearly define the characteristics of patients who would be eligible 

for entry into the trial, by specifying the “inclusion criteria” –based on demographic and clinical criteria, to specify the patients 

or subjects who will be eligible to be included in the study. The more important aspect are the “exclusion criteria” - those who 

will not be eligible to be included in the study. More the exclusion criteria, more precise will be the findings and lesser will be 

the requirement of sample size. However, more the exclusion criteria, more difficult will be for you to find the particular type 

of subjects, and the generalizability of your study will be restricted. Let us illustrate the guidelines for deciding on the exclusion 

criteria with the example of clinical trial to assess Tamoxifen for breast cancer. In this trial, the reasons for excluding certain 

types of patients and the actual exclusion criteria that can be stated are as follows: (Table – 15.1) 

Table – 15.1 : Hypothetical exclusion criteria for a clinical trial on efficacy of Tamoxifen for breast cancer 

S No Broad Reasons for exclusion Actual Exclusion criteria stated 

(“The following will be excluded -----”) 

1. Intervention modality may carry high 

risk of adverse effects  

History of venous thromo-embolic (TE) event (since 

tamoxifen increases risk of venous TE) 

2. Unacceptable risk of assignment to 

placebo group in that death during 

treatment among control group is not 

acceptable 

Cases of oestrogen receptor positive breast cancer (since 

tamoxifen is an effective standard treatment modality, hence 

in such cases random allocation to “placebo” group thereby 

denying tamoxifen to them, would be disastrous) 

3. Do not have the risk of developing the 

outcome 

Patients with bilateral mastectomy 

4. Have a type of disease that is not likely 

to respond to treatment 

Patients with breast cancer susceptibility gene that causes 

oestrogen receptor negative cancer 

5. Already taking a treatment that is likely 

to interfere with the intervention being 

used 

Patients taking oestrogens ( which are likely to compete with 

tamoxifen ) 

6. Subject is unlikely to adhere (comply) 

with the regime  

Patients showing poor compliance during run-in period 

7. It may be unethical to include non-

consenters 

Patients who do not agree to participate 

8. Unlikely to complete the follow up, or 

practical problems regarding 

participation as per protocol 

Patients who plan to move out before trial ends; short life 

expectancy because of another serious illness; unreliable 

participation during events in run in period; Impaired mental 

state that prevents accurate answers to questions 

 

15.17. Step-4: Defining the populations:-  In this step we would first of all define the reference population also called the 

“universe” or the “target population”. This is the very large collection of patients or subjects to whom the results of the study 

would be generalized. For instance, if we wanted to do the earlier mentioned Tamoxifen - breast cancer trial as district level 

project, we could define our reference population as  “women, having permanent residence in our district “A”, aged 40 to 70 yrs 

having at least one breast intact, not having history of venous thromboembolism, not taking oestrogen, mentally alert and who 

agree to participate”. The reference population is very large, scattered and difficult to delimit, and hence we cannot directly draw 

a representative sample  from it. For this reason we often specify a well defined subset of the reference population from where 

we actually draw the sample of subjects. For instance, in our example we may define the actual study population as all the 

women of the type defined in the reference population “who are staying in “Community Development Blocks C, F, J, P and Z”. 

It is from this actual study population that we finally draw our required sample. Specifying the actual study population is more 

of a matter of administrative convenience but we must be convinced that the actual study population is a reasonably 

representative subset of the reference population. 



15.18. Step 5  : Sample Size Calculation :- Sample size, is a major issue in clinical trials. Too small a sample would produce 

insignificant results and would be a waste of efforts. With a small sample the chances are very high that the result would be 

statistically insignificant. Hence an adequately large sample is important. At the same time we must remember that every 

subject in a clinical trial costs tremendous amount of money, so even one additional subject may mean poor financial 

management. Keep in mind is that there is nothing like an absolutely adequate sample size. Very often we have an impression 

that a minimum of 15 patients in each of the study and the control group is good enough to get significant results but this is not 

true. 

 Before we go we go to the statistician and ask her as to what should be the size of the sample for our study, or else 

use the statistical software for calculating the sample size, we should be prepared to specify the following parameters. Firstly,  

the type 1 error or Alpha error. We may, by convention, specify it as 5% (two-tailed). Secondly, the Type 2 error or Beta. By 

convention you could specify it as 20% and specify the power of the study as 80%. The next two parameters are more 

important and only we as researcher can specify these based on our professional experience and academic reading. These are, 

firstly, the expected proportion of the outcome in the  Non-exposed group (p0). To simplify, what is being asked is the 

percentage of subjects who are likely to improve when on the “control” modality of treatment (i.e. who are not exposed to the 

intervention). To clarify, let us take the example of a clinical trial wherein we want to study the effect of a new 

antihypertensive drug and compare it to a drug already in use, say Ramipril. Now p0 is the percentage of subjects on Ramipril 

who are likely to improve. Let us say, based on your experience and academic reading you know that 70% of the 

hypertensives on Ramipril will improve, then you state p0 as 70%. The next parameter to be specified by us is “What is the 

amount of effect due to intervention modality you would consider clinically significant”. In the above example of Ramipril, let 

us say we decide that we would consider the new drug worthwhile only if it produced at least 25% additional effect to what 

Ramipril already does, you specify a detectable risk as 1.25. 

The details of such calculations have already been discussed in unit – 12 on “sample size calculations”. To recapitulate, if the 

outcome is being studied on a dichotomous scale, the numbers of subjects (n) required in each group are  

n        =  
    (z1 - a/2 + z1 - b)2 x 2 x p x q 

                (Pe - Po)2 

Where, Po = proportion of those, who are not exposed to the intervention under study, and are likely to develop the outcome of 

interest.  

p       =  (Pe + Po) / 2 ; q = 1 - p ; Pe = 
Po x RR 

1 + (Po x (RR - 1)) 

(The term (RR – 1) is better written as (RR ≈ 1), (i.e. difference between RR and 1, neglecting the plus or minus sign). 

 As an example, let us consider an isoniazid chemoprophylaxis trial. Let us say, by review of literature and available 

evidence we have come to know that out of the children who are close contacts of open TB, about 30% will develop TB if they 

are not given chemoprophylaxis. Thus, Po = 30% (= 0.30). In addition, let us say we consider that our trial should detect at least 

50% reduction in disease incidence by isoniazid chemoprophylaxis to be clinically ‘worth while’; thus, RR = 0.5. 

Thus, Pe   = 
0.3 x 0.5 

=   0.13 
1 + (0.3 x (0.5 - 1) 

P = (0.3 + 0.13) / 2 = 0.22; q = 1 – 0.22 = 0.78 

 

n        =  
(1.96 +0.84)2 x 2 x 0.22 x 0.78 

=   94 
(0.3 – 0.13)2 

Thus, we will have to study 94 subjects to be given isoniazid and 94 controls. 

 

 Another situation can be when we are recording the outcome on a continuous scale; e.g. we may randomize the subjects 

into two groups, and give clofibrate to one and placebo to the other group, with the aim of seeing the difference in serum 

cholesterol (a continuous variable) in the two groups. In such settings, the sample size (n) for each group is given by,  



n        =  
(z1 - a/2 + z1 - b)2 x (SD1

2 + SD2
2) 

(X1 – X2)2 

 Let us say, available evidence suggests that the mean serum cholesterol among those not taking clofibrate is 200 mg%, 

with a standard deviation of 30 mg / dl. We want to detect at least 10% reduction in serum cholesterol in the clofibrate group, to 

be of some clinical ‘relevance’. In general, we can assume that the variances in both the groups are uniform; thus standard 

deviations (SD1 and SD2) would be 30 each.  Now, X1 = 200; X2 = 10% less than X1 = 180; SD1 = 30; SD2 = 30. 

 

n        =  
(1.96  + 0.84)2 x  (302 + 302) 

=   36 
(200 – 180)2 

Thus, we will need 36 subjects in each group to do this study. 

15.19. Step 6:  Detailed Description Of Measurement Protocols and steps to prevent errors of measurement. The most 

important facet of clinical trials is to ensure that the measurement process is accurate. So, at this stage, develop the 

detailed protocols of clinical procedures, laboratory investigative procedures, as well as the details of questionnaire and 

interview protocols. For each and every variable (intervention, contravention, confounders and major and minor 

outcome variables), write down very clearly and explicitly , in great detail as regards Who will make the measurement 

? When will it be made ? What equipment / instrument will be used ? What technique will be used ?  How the 

equipment, techniques and personnel be standardized and validated ?  For example, a trial  was conducted to study the 

efficacy of Dopoxetine for treatment of premature ejaculation. The primary outcome( major end point) variable was 

defined as “ Intravaginal Ejaculation Latency Time ( IELT) “.The measurement process for this primary outcome 

variable was described in the final published article as follows: 

  “Couples were supplied with the stopwatch and instructed about their use in detail. The female partner was to activate 

the stopwatch immediately on peno-vaginal penetration and to stop the watch immediately at the point of intravaginal 

ejaculation or at the point of withdrawal without ejaculation and this time in the stopwatch was noted by the female 

partner to give the IELT. This technique has already been validated in other studies. If ejaculation occurred even before 

the penetration the IELT was noted as zero”. You would note that the investigators took pains to describe the exact 

measurement process of this variable, though they may be sounding a bit immodest.  

15.20. Specify and work out the various issues of bias, validity and reliability. The details of methods for preventing bias and 

ensuring reliability and validity have been dealt with in detail in the discussions on “Errors of measurement” and ‘Issues related 

to validity and bias’ ‘Questionnaire based designs’ and ‘Interviewing’ and due attention must be paid to each and every aspect 

mentioned therein while designing an experimental study (and, for that matter, any research study). In addition to giving attention 

to various details mentioned in the above discussions, go through the following checklist of the various important types of bias 

in an experimental design and the methods to obviate such bias. 

Types of bias 

(* indicates suggested Preventive Action to be Taken) 

a) Non-representative sample drawn from study population. 

 * Use one of the methods of random (probability) sampling. 

b) Biased allocation of subjects done to the intervention and control group. 

 * Ensure ‘Random allocation’. 

c) Observers’ bias 

 * Ensure “double blinding” as far as possible.  

d) Respondent’s (subject) bias 

 * Ensure at least single blinding 

 * Ensure ‘placebo’ for the controls. 

e) ‘Lack of compliance’ bias 

 * Develop some method of checking compliance (eg. pill count; checking urine for metabolites of drugs etc.) 

f) Cross over bias (some controls cross over and start using the ‘intervention’ measure) 



 * Ensure ‘similar’ placebo to controls; explain your question to subjects; constantly evaluate for any possible cross-

 over. 

g) Contamination bias (due to co-intervention with some other intervention in addition to the intervention under study), by the 

subjects; eg. some subjects start dietary control in addition to clofibrate, in a clofibrate – serum cholesterol trial). 

 * explain in detail the requirement of your research to the subjects and win over their cooperation; keep constantly 

evaluating for any possible co-intervention by subjects. 

h) Bias due to drop outs and loss to follow up 

 * Ensure periodic follow up; develop methods to ‘retrieve’ the lost subjects (eg. asking for their present location from 

friends); compare the characteristics of those who remain in study with those who have been lost to follow up and see if there 

are significant differences between them. 

i) Ascertainment bias 

 * Do the ascertainment of outcome in both the groups (intervention as well as control) with equal vigor, using similar 

instruments and techniques. Ensure double blinding. 

j) Confounding bias 

 * Ensure random allocation to the two groups; do a baseline comparison; record the data on confounders for subsequent 

treatment during analysis. 

 15.21. Step 7: Enrolling The Participants and take “Informed Consent”. Once the minimum sample size has been 

calculated the next step is to enroll a representative sample of the patients from the actual study population. Let us take 

a hypothetical example: Suppose that a specialist in Venereology working in a large steel plant of a Public Sector 

Undertaking, desires to put up an ICMR project to replicate the clinical trial on dopoxetine 30mg. daily in treating 

premature ejaculation in our settings. He has defined the reference population as all married personnel of the said steel 

industry staying with family and who self report or give a history of premature ejaculation ( defined as IELT of <1 mt.). 

Subsequently he has defined the actual study population as all personnel working in the steel plant in city ‘X’ with the 

above characteristics who are seen at OPDs and speciality clinics of the Steel Plant Hospital. By way of statistical 

procedures, he has worked out that he will need 400 subjects in each of the dopoxetine group and the placebo control 

group. Now, to actually enroll the participants for this trial, we will make a list from available records of all such subjects 

who have been diagnosed as premature ejaculation during the past one year. Of all the patients who have been invited, 

some may have been transferred out and some may not turn up due to other pressing commitments, while the others will 

report.  

           In the next stage we will see who are not eligible by applying the “exclusion criteria” (Having erectile dysfunction, 

psychiatric illness, using tricyclic anti-depressants or using other pharmacological or behaviour therapy for premature 

ejaculation). This will further reduce our list to now include those who are “eligible”. Now, those subjects who are eligible 

will be informed of the details of the study and asked if they would like to participate under informed consent. Out of the 

ones who agree to participate, 800 will be selected by random sampling process (say, every third patient) and we will 

keep randomly allocating them to receive either the intervention modality (Dopoxetine) or the control modality (placebo).  

In fact, during the planning and conduct of a clinical trial as well as during writing your research paper, it is important to 

present the “ Recruitment and Participation Flow Chart” giving the numbers (‘n’) at each step, as per following format 

(See Flow chart in Fig- 15.1) : 

        Figure – 15.1 : Flow chart on the recruitment and study process of the subjects in a clinical trial. 

                       Reference population 

 

                        Actual study population (total (n) =     )                   

                                                                                                     

                         Subjects who are invited for the trial (n =  ) 

                                                                                    

                          Accept invitation and report (n =     ) 

Not invited due to certain 
demographic characteristics 
(total =      ) 

Do not accept invitation 
(n =      ) 
 



                                                                                  

       Eligible (n =      ) 

                                                                                                                                  

  

                    Agree to participate by informed consent 

   (n =       ) 

                                                                                                

                      Selected by random sampling method 

                       to complete the required sample size (n =     ) 

 

 

                                               Random allocation  

   

 

 

Intervention group (n =     )                                      Control group ( n =      ) 

   

 

Loss to follow up            Continue                  Continue                Loss to follow up 

      (n =    )                      ( n =   )                      (n =    )                   ( n =     )                                                                    

                                                          Analyse ( n =   ) 

                                        

                                                  Result and conclusions              

 

                                              Generalise to reference population 

15.22. Step-8: Take ‘Informed consent’. Informed consent implies that the subjects have been clearly explained about the 

purpose and scope of research question; the potential benefits and hazards of the intervention under study; the possibility that 

they may or may not get the intervention due to random allocation; and they voluntarily give their ‘consent’ (preferably signed) 

to participate in the trial, without any fear, prejudice, coercion or undue motivation (eg. in the form of payments in cash or kind). 

In most of the experimental studies (excepting for ‘minimal risk’ research like effect of a limited health education programme), 

informed consent is an almost mandatory ethical (as well as, often, a legal) requirement. 

 Following this step, there will be a small proportion of subjects who will not be willing. They have to be excluded (thus 

the importance of having a larger sample size than the minimum required as calculated by the statistical formulae). At this stage, 

the investigator should also make a quick comparison between those who consent and those who do not, in respect of variables 

like age, sex, income etc., to ensure that the two groups are not significantly different from each other. 

15.23. Step-9:  Randomisation (Random Allocation in trial (intervention) and Control Groups. The basic dictum of any 

research is that the groups being compared should be absolutely similar to each other except for the factor which is being 

studied. In methodological terms, it means that all confounder variables must be controlled. There are various methods of 

control of confounding. When it comes to clinical trials the method is randomization or random allocation. So essential is 

randomization that the other name is RCT – Randomized Control Trial. The procedure is quite simple. Random number tables 

available in any book on statistics or computer statistical packages are used to generate random numbers. Accordingly the 

subjects are allocated to either, receiving treatment A (the intervention under trial) or else treatment B ( the control modality). 

(I have also given a detailed description of how to randomly allocate subjects into two or more than two groups by random 

number tables in an earlier unit on sampling methods). The power of randomization is such that, the two groups are similar to 

each other. Let us see an example as to how randomization equally divides subjects into two groups:- 

Do not agree to participate (n =     ) 

Rejected by random sampling (n =     ) 

Excluded on exclusion criteria (n =  ) 



  “….In a clinical trial, to evaluate the protective effect of hormone supplementation with estrogen plus progesterone on 

the risk of fractures and the bone mineral density , a total of 16608 women who were eligible and finally agreed to participate 

were  randomly allocated into 8506 women who received hormonal supplementation and 8102 receiving a placebo. The 

comparison regarding the major characteristics of the two groups at the baseline is shown in the following table (Table – 15.2.) 

and shows how effectively randomization has created two identical groups……”  (All figures in percentage): 

Table – 15.2. Baseline comparison of subjects in trail and control groups in bone mineral density trial. 

Characteristics at baseline Estrogen Plus Progesterone Gp.(8506) Placebo group (8102) 

Age 70-79 yrs 21.3 21.8 

White skin 83.9 84 

BMI<25 30.5 30.8 

Total Cal. Intake <600 mg./ day 24.4 24.2 

Smoker 10.5 10.5 

>= 2 falls in past 12 months 12.8 12.4 

Fracture 38.8 39.1 

However, there is a note of caution. Randomization works well to create 2 similar groups only when the sample is 

adequately large. In a small sample, the effect diminishes and may become erratic. 

15.24. Step-10:  Introduce The Intervention And Placebo Control  Modalities. Having created the two groups by random 

allocation, the investigator now needs to intervene with the trial modality in one group, and the control or the baseline  

modality in the other group. Certain aspects to be ensured at this stage are: 

 Ensure ways and means to bring about compliance in both the groups. Give adequate amount  of medicines to all the subjects 

in both the groups and instruct them clearly on the dose, mode of administration, frequency of intake etc. 

 Develop procedures for checking compliance as for example check count of balance pills, testing the urine/ other excretions 

for metabolites and so on. 

 Brief both the groups clearly about co-interventions in the trial, if there are any.  

 Ensure a placebo control, so that the control group who are not getting the trial intervention cannot make out that they are 

not getting it. Ensure that they get the drug in the same shape, colour, size and taste and is also administered using similar 

procedures. 

15.25. Step - 11   :   Ensure  Blinding. What if the subjects know they are getting a new drug? They may start feeling better 

just because of this knowledge! They may report improvement just to please their Doctor! And those not getting the new 

treatment may not feel relieved thinking that they have been deprived of some new, good treatment. And may be, just because 

of this awareness, some of them may quietly start taking the new regimen or some other co- intervention. More bias may be 

introduced if the investigator is aware of the status of the subject. The investigator may differentially probe or investigate more 

in one group or less in the other group. To overcome these biases in the standard clinical trial, Blinding is used as an essential 

requirement. In single blinding, the subject is not aware of his status but the investigator is aware. The ideal standard of course 

is double blinding, in which neither the investigator nor the subject is aware as to which group a particular subject belongs to. 

Only the codes are given and these codes are handled by the data manager. The gold-standard in contemporary times for 

clinical trials is double blinding. Double blinding may sound difficult but can be implemented even in difficult situations.  

Take for example the clinical trial undertaken to assess the efficacy of Ancrod, a natural defibrinogenating agent from 

snake venom, when given within first 6 hours of an acute ischemic stroke. Patients were randomly allocated to receive Ancrod 

(608 patients) or placebo (isotonic sodium chloride- 618 patients). Identical looking 1 ml ampoule containing Ancrod or isotonic 

sodium chloride solution were prepared in sequentially numbered pre packs. The randomization scheme was handled through a 

centralized interactive voice response system. An independent blinded physician adapted the infusion rates, on the basis of 

regularly obtained fibrinogen concentration of individual patients. The clinical researchers received no information about the 

method of randomization or the group to which a given subject belonged to (Ancrod or placebo). Fibrinogen data was provided 



only to the different independent blinded supervisors based at each site who monitored adjustments to the infusion rates, based 

on a dosing algorithm provided by the investigator.  

In surgical trials double blinding may become difficult at times. In such situations, we may ensure that the surgeons who 

evaluate the outcome, should be independent of the research group and preferably different from the surgeon who operated. The 

operating surgeon may, however, keep monitoring the patients for purpose of management, not for research. We may also make 

the outcome criteria as objective as possible. 

15.26. Step 12:  Follow Up And Assessment. The last but one step in the conduct of clinical trial is to follow up the subjects 

till the end point, or the period of trial, whichever is earlier and to make ascertainment. The key issue in follow up is to avoid 

losses to follow up, which may otherwise seriously bias the study results as seen in the following example:-  “A trial of nasal 

calcitonin spray to reduce the risk of osteoporotic fractures reported that the treatment reduced the risk of fractures by 36 %. 

However, critical evaluation revealed that 60 % of those who were originally randomized were lost to follow up and it was not 

known whether fractures had occurred among those who were lost to follow up. Because the overall number of fractures was 

small, even a few fractures among participants who were lost to follow up could have altered the results of the trial. This 

uncertainty diminished the credibility of the findings”. It is therefore imperative that actions be taken right from the planning 

stage to retrieve those getting lost to follow up. The following general steps are worthwhile: 

 At the very start, inform the participants of the scope of trial, and the time and place where they should report for follow 

up. 

 Exclude, in the beginning itself, those who have a very low probability of continuing. 

 Note down the detailed telephone numbers and addresses of the participants, their close friends, relatives and employers 

and their permanent home addresses to retrieve them. 

 Treat them properly when they come for follow up; don’t make them wait too long. 

 Every time they come for follow up, talk to them about their condition and also about the progress of the trial to keep 

their interest alive. 

 Even if some participants violate the study protocol or discontinue the trial intervention, they should still be followed 

up so that their outcomes could be used in “Intention to treat Analysis” 

During ascertainment, take care to fill up all the headings in the form fully and correctly and examine all subjects, 

irrespective of their trial status, with equal methodology and vigor. Do ensure that every subject has a file where follow up 

records are filed and that these are checked by an independent data manager at least once a month. Enter the data from these 

forms to the computer database within a week to detect any missing data points. And, finally during the follow up stage, keep 

the “Stoppage Rules” open. In brief there can be three  reasons for prematurely stopping a trial. 

 Evidence comes up in between against the intervention modality :- The Atrial Fibrillation Anticoagulation Study was 

initiated to study the role of warfarin in decreasing the rate of strokes over 3-5 years. However the trial was stopped after 

1.2 years since, by then, strong published evidence had come up in support of the intervention modality.  

 Evidence of clearly high mortality or complication in the intervention group comes up. The Cardiac Arrhythmias 

Suppression trial was initiated to study the role of Anti ventricular dysrhythmia drugs Encainide or Fecainide in patients of 

Ac MI over a 5 year period. Trial was stopped after 18 months since interim results showed clearly high mortality in the 

treated group.   

 Statistical, Methodological or Sample size assumptions are proved wrong. The Physicians Health Study was initiated to 

assess the protective effect of oral aspirin 325 mg alternate day in preventing cardiovascular disease. Trial was stopped 

midway since as against an expected of more than 700 cases, only 88 had occurred and hence the trial was left with hardly 

any statistical power. ( However, protective effect on occurrence of MI was clearly demonstrated by then).   

15.27. Step – 13 : Statistical Analysis. Statistical analysis is indeed a very important aspect of any research design, clinical 

trials included. Let us start with an example of a clinical trial which has been published in one of the issues of Lancet. The 

DREAM Project was a clinical trial to evaluate whether Rosiglitazone, a thiazolidinedione drug said to improve insulin 

sensitivity can prevent diabetes type 2 among subjects who were having Impaired Glucose Tolerance (IGT) or impaired 



fasting glucose (IFG). 5629 samples with IFG were randomly allocated to either receive Rosiglitazone 8 mg per day (2635 

subjects) or a placebo (2634 subjects) for a follow up period of 3 years. The primary clinical end point was development of 

diabetes. Those who did not develop diabetes were taken to have achieved the outcome. The final data is summarized in the 

table – 15.3:- 

Table-15.3: Table showing data for example of a 2 X 2 table in a clinical trial 

EXPOSURE OUTCOME TOTAL 

O+ 

Did not develop Diabetes 

O- 

Developed Diabetes 

E+ (Given RG) 2329 (89%) 

 

306 (11%) 2635 (100%) 

E-  (Given Placebo) 1948 (74%) 686 (26%) 2634 (100%) 

Total 4277 (81%) 992 (19%) 5269 (100%) 

 

The data shows that as much as 88.4 % of the exposed group, i.e, given Rosiglitazone remained free as compared to 

much lesser 73.45 among the placebo group. As the data apparently shows, Rosiglitazone is an effective chemo prophylactic 

against Diabetes. So the first question is , why at all should we do a statistical analysis? .  

We undertake statistical analysis to estimate the effect of “chance” (random error or sample to sample error or sampling 

variations). It has been very clearly brought out earlier that due to a natural phenomenon of random error, as long as we are 

studying a sample drawn from the population, which anyway we shall always be doing, the results from the sample are likely to 

be different from the reality that exists in the large population. What we should, therefore, do is that we estimate the probability 

with which the results from our study may be different from the reality which exists in the large reference population to which 

our sample refers to. This probability is estimated by statistical procedures. Please do note that statistical results are only a 

probability statement about our sample results being different from the reality in the large population due to the natural 

phenomenon of random error. We presume that your study had no measurement error, no bias and no confounding. Very good 

statistics is no panacea for data which has been collected by poor measurement methods, or is differentially biased against one 

group or is suffering from confounding. 

 Another decision to be taken at this point is whether we want to undertake an “Intention to Treat Analysis” or 

else a “Per-protocol” analysis. In the former, which is being often undertaken these days, the outcome is analyzed among subjects 

according to the group into which they were originally randomized (“analyse as you randomize”). Thus, even if participants 

assigned to the original intervention group may have discontinued or even crossed over or some of the placebo control group 

may have finally ended up taking the intervention modality, the analysis will be as per the subjects’ original randomization plan. 

On the other hand, the per-protocol analysis will include only those participants in both groups who undertook at least 80% of 

the assigned study medication, completed a certain percentage of their expected follow-up visits, and had no other protocol 

violation.  

 The first thing in undertaking statistical analysis of a clinical trial is to present the participant’s recruitment and flow 

chart, giving the actual data at each step, as explained in one of the earlier steps. The next step is to give a table showing baseline 

comparison between the intervention group and the placebo group as we have given earlier in the step of randomization. The 

next step is now to clearly visualize what are your primary exposure and outcome variables and what is meant by “exposure 

present” or “exposure absent” and by “outcome achieved” or “outcome not achieved”. Now, make a 2X2 table and place your 

data in the 2X2 table exactly as per the specifications for cells a, b, c and d that we have already discussed, as per example given 

in table – 15.4: 

Table – 15.4: Layout of a 2 X 2 table for “DREAM” trial  

Exposure(intervention) Achieved Outcome 

(Did not become  

Diabetic) (O+) 

Not achieved Outcome 

(became Diabetic) 

(O-) 

Total 



Given RG (E+) 2329(89%)  

                        a 

306(11%) 

b 

2635(100%) 

Given Placebo (E - ) 

 

1948(74%)       c d   686(265) 2634 (100%) 

Total 4277(81%) 992(19%) 5269(100%) 

  In the DREAM clinical trial, out of 2365 who were exposed to RG, 2329  achieved the defined outcome while 

in the non exposed (Placebo) group 1948 out of 2634 achieved the outcome. Please do take care to indicate both the numbers 

and percentages in the cells. Now, having placed the data in the 2X2 table, calculate the incidence of outcome in the exposed 

and non exposed group as :-  IE = a/a+b = 2339/2635 =89% and  INE = c/c+d = 1948/2634 =74%. And, as the next step, calculate 

the risk ratio (RR) i.e, the “effect” of the intervention as 

RR (Effect) = IE/ INE =89/74 =1.20. This calculation of the effect size is a simple but extremely important parameter which you 

must calculate. In our example, it means that patients of IFG who got Rosiglitazone will be 1.2 time more likely to remain free 

of diabetes as compared to those on placebo, over 3 years. 

  In the next step, calculate the 95% CI of RR. In the DREAM trial example, the RR was 1.20 and its 95% CI 

was 1.16 to 1.23. The interpretation is like this: “our sample results show that the effect of Rosiglitazone is to bring about 1.2 

times more improvement”. We do not know what the real effect would be in the 2 large populations but we are 95% confident 

that the real effect in the two large population would be an improvement between 1.16 times to 1.23 times improvement as 

compared to placebo. 

 And, in the basic presentation, finally calculate the numbers needed to treat as:          NNT = 100/ (IE - INE ) . In our 

example, it works out as : 100/(89-74) = 100/15 =7. It means that we will need to treat 7 patients with Rosiglitazone to get one 

additional case of cure (prevented diabetes) as compared to placebo.  

 Having presented the basic statistics, the next step in statistical analysis is to undertake probability testing procedures. In 

deciding the statistical procedure, we should first of all see which is the exposure variable and which is the outcome variable. 

Next we should clearly make out as to how the exposure and outcome variables to be analyzed have been recorded. The correct 

statistical procedure will depend on which way the recording has been done for the exposure and outcome variables. In the above 

example, both the exposure as well as the outcome variables have been recorded on a dichotomous scale. In such exigency, a 

chi-square test for 2 X 2 table will be done, and the ‘p-value’ worked out against a degree of freedom (df) of 1. For further details 

on statistical testing procedures, please refer to the unit on hypothesis testing for difference between means and proportions, in 

which a detailed table has been given indicating the correct statistical test, depending on how the exposure and outcome variable 

have been recorded. 

Other Statistical Situations. The above mentioned situation is the most frequently encountered in clinical trials. There may be 

some other situations also, depending on on which scale we have measured the exposure and outcome variables, which are 

explained as follows: 

a) When the outcome is being measured on a continuous or discrete numerical scale and there are three or more groups: 

An example is shown in Table – 15.5 below -  

Table – 15.5: Example of a situation when the outcome is being measured on a continuous or discrete numerical scale and 

there are three or more groups 

 
Decrease in Swelling (mm) 

Mean SD N 

Ibuprofen + 

Indomethacin 

15.2 0.78 25 

Ibuprofen alone 11.3 0.92 25 

No drug (placebo) 5.7 1.3 25 

 The above hypothetical example is of a trial regarding efficacy of Ibuprofen plus Indomethacin compared to only 

Ibuprofen and no drug (Placebo) in reducing the swelling after closed reduction of a fracture. There are 3 groups; the 



outcome (reduction in swelling measured in millimeters) is thus recorded on a continuous scale. The correct procedure 

in such instances is not to do a‘t’ test but to do an analysis of variance (ANOVA). (See discussions on “Differences 

between 3 or more means” in a later unit).   

b) When outcome is being measured on ordinal numerical scale: -  

Occasionally, the outcome may be measured in terms of ordinal numbers, as pain scores, satisfaction scores etc. 

Referring to the earlier unit on basic principles of data management, we know that it would be incorrect to do tests 

based on ‘means’ (i.e. ‘t’ test or ANOVA) but rather the ‘non parametric tests’ based on median should be used (see 

discussions on ‘non parametric tests’, chapter 32). The following are two hypothetical examples of such situations, the 

first involving two groups and the second involving 3 groups. (Examples shown in Tables 15.6 and 15.7 below). 

Table – 15.6: Example of data when two medians are to be compared statistically 

 
Pain Score (Scored – 2 to +2) 

Median N 

Paracetamol    +    Ibuprofen   - 2  25 

Only Ibuprofen - 1 25 

   

 In the above situation, a two sample median test (Mann Whitney – U test) should be done.  

Table – 15.7: Example of data when more than two medians are to be compared statistically 

 
Satisfaction Score (Scored – 2 to +2) 

Median N 

Doctors + 1  125 

Multi Purpose Health Worker - 1 159 

Health guide 0 201 

In the above situation, the ‘Kruskal-Wallis’ test for difference between medians of 3 or more groups should be done.  

 

c) When exposure is measured on ordinal polychotomous scale and outcome on dichotomy, (or vice versa): -  

  Such situations are common especially when evaluating the dose-response relationship. For example, see table 

– 15.8 below. 

Table 15.8: Layout of data in experimental design when exposure is measured on ordinal polychotomous scale and 

outcome on dichotomy, (or vice versa)  

Exposure (dose of Aspirin 

Prophylaxis) 

Outcome  (Recurrence of MI) 

Had 

recurrence 

Did not have  

recurrence 

Total 

Moderate dose 

(150mg/day) 

10 90 100 

Mild dose 

(75mg/day) 

15 85 100 

Very mild dose 

(30mg/day) 

25 75 100 

No drug 

(Placebo) 

100 200 300 

Total 150 450 600 

 

In the above example, there is an apparent dose response relationship, with the recurrence rate of MI increasing with 

decreasing prophylactic dose of aspirin. The correct test in such situation is to do a “Chi-square for linear trends” to see 

whether this declining or rising trend according to the dose is a significant one or is only a part of random (sample to 



sample) variations. In addition, one also comes to know the specific protection for each category of dose as compare to 

a baseline level of placebo. (For details, see discussions on chi square test for trends in linear proportions, in a 

subsequent unit). 

Analyze for all possible outcomes: -  

The investigator should remember to analyze for all possible outcomes, viz. side effects and complications, various 

forms of disease severity, cost effectiveness etc and not simply for a given outcome only. It must be remembered that 

a drug which may show to be extremely effective for retrieving headache, may also cause serious agranulocytosis or 

may be prohibitive from the cost point of view and hence all these aspects should be taken into consideration during 

analysis. 

15.28. Parallel Vs Cross-Over Designs.  The general design explained till now is what is the ‘usual’ type; also called the 

parallel design. In such a design the intervention and control groups continue till the final assessment of outcome is made. On 

certain occasions, a different type of design, called the ‘cross-over’ design is used. Here, after Random allocation, one of the 

group gets the intervention measure, while the other group gets placebo control as in a parallel design. After the relevant period 

of time, the assessment is done. Now, a period of “wash out” follows, during which none of the groups get anything. This “wash 

out” period serves to remove the pharmacological / psychological effects of the drug / placebo that has been given till now. 

Apparently, the “wash out” period will depend on the type of intervention measure being tried out. Once the “wash out” period 

is over, the groups cross over, with the original control group now getting the intervention measure and the original intervention 

group now gets the placebo (of course, duly maintaining the blinding). After another relevant period of follow up, the assessment 

for outcome is again made. The advantage from the research methodological point of view that a cross over design offers is that 

each subject serves as his own control; thus it reduces the requirement of sample size by half, and is therefore more economical. 

In addition, it has an additional ethical fiber in that all subjects are assured that they will definitely, sometimes or the other, get 

the intervention measure. A cross over design works best when response to therapy is apparent in a reasonably small time (eg. 

systemic, arterial hypertension, Asthma, Rheumatoid arthritis etc). 

 Cross-over designs also do have various limitations. Firstly, it doesn’t work well for acute infectious conditions in 

which it may be neither feasible nor ethical to stop the drug and allow for a wash-out period and even to cross over the patients. 

It also does not work when the disease gets cured soon (as acute sore throat). Thirdly, the duration of wash out period may be 

often unpredictable. Finally, such a design is not good for ‘unstable diseases which show a ‘waxing and waning’ course, as 

Rheumatoid Arthritis. Finally, one must remember that the correct statistical test in a cross over design, (when outcome is being 

measured on a continuous scale, which usually is the case in a cross over design) is not ‘t’ test but the “Two way ANOVA” 

looking for the differences between treatments, between periods and the interaction between treatments and periods. 

15.29. The Phases Of A Clinical (Drug / Vaccine) Trial. A final word may be mentioned before closing this chapter regarding 

the phases through which a clinical trial, referring to a drug or vaccine, passes through. There a four phases of a clinical trial, 

namely phase-I through phase-IV. Before starting the phase I, it is mandatory that the initial animal studies which include initial 

toxicity studies on animals, mutagenic and carcinogenic studies, and various pharmacokinetic and pharmacodynamic studies on 

animals have been done. Once the drug has passed the animal studies, then only it is allowed to enter phase I of clinical trials, 

after due permission from the Drug Controller General of India (DCGI).. 

Phase I :- This phase involves early dose findings studies on healthy volunteers. In addition, any prominent side effects are also 

sought. Only one group of healthy subjects, without any disease, is studied and best possible dose as well as “Maximally 

Tolerated Dose” (MTD) is worked out. 

Phase II :- During this phase, studies are done, in a limited manner, on volunteers suffering from the target disorder. Response 

to the drug among these patients is seen; evidences of toxicity / side effects are sought for and the administration techniques are 

further perfected. This phase may be summarized as “pilot clinical studies on patients with the target disease”.  

Phase III :- This is the classical phase of the Randomized, (Placebo) Controlled, (Single / Double Blinded) Trial (RCT) that 

we have already discussed at length in this unit. Once the phase III shows satisfactory results, the drug can be marketed after 

obtaining license from the DCGI. 



Phase IV :- This is also called “Post Marketing Surveillance”. Data on the benefits and side effects of the drug in humans, 

particular the long term effects which cannot be assessed in phase III, is continuously obtained from the various medical 

practitioners, hospitals and pharmacies and analyzed. Post marketing surveillance has been of great help in identifying hazardous 

effects of various drugs like Thalidomide (seal babies), tampons (DIC), DES (Vaginal carcinoma among offspring), pressurized 

aerosols containing isoprenaline used for asthma (sudden death) etc. One of the grey areas in developing countries is the need 

to strengthen the post marketing surveillance. 

15.30. Is “Intervention” Synonymous With “Experimentation” ? Though in most of the epidemiological literature, “intervention” 

and “experimental” designs are taken as synonymous, a look at phase II and phase III of clinical trials indicates that there is a 

fine difference, at least philosophically, as far as strict definitions of these terms are concerned, in that an experimental design 

would require three essential criteria to be fulfilled.  

a) That there is an “intervention” (drug, vaccine, procedure etc) which will be “deliberately” introduced. 

b) That there will be at least two groups one which will get the intervention measure under trial, and the other will not get it, 

thus serving as control group. 

c) That the division of the subjects into the trial and control groups would be strictly on the basis of “randomization”.  

On the other hand, in the true sense “intervention” can occur even without having two groups, i.e. can occur when only one 

group is present; this is what we do in phase I and II of a clinical trial when we deliberately intervene with an intervention 

measure on one group only, i.e. healthy persons / persons with the target disease and see the effect of the drug on these volunteers.  

The flow-chart for deciding the various types of intervention designs can thus be depicted as follows (Figure- 15.2.)      

Figure – 15.2. : Flow Chart For Deciding The Type Of Epidemiological Research Design 

Are you “deliberately intervening” with some measure (eg. drug, vaccine, treatment procedure, programme etc.). 

 

 

             Yes         No 

 

 

    Intervention study        Observational study 

 

   Is there only one group or 2 or   Are you testing a preformed 

 More groups   hypothesis and comparing 

               at least two groups 

 

 

      Only one group to            At least two groups                    No       Yes 

                             get the intervention          one with intervention,  

          other for comparison 

             Descriptive study       Analytical study  

 

       

          Interventional,  Experimental            Case control design           Cohort design  

       Non-Experimental 

                        (eg. phase II of clinical trial) 

 

Is the allocation into 

the two groups based 

                on "randomization" 

 



      

           Not based on                            Based on 

          Randomization                                     Randomization 

 

      Quasi-Experimental      Experimental 

   (eg., before and after trials)      (eg., R.C.T.) 

 

Check Your Progress – 1. 

1. As the first step in an experimental design, the investigator, after taking a random sample of subjects, intended to be 

subjected to the experiment, takes the following as the very next step: (a) Removes those subjects who are already having 

either the exposure or the outcome or both (b) Randomly allocates subjects into trial group and control group (c) Undertakes 

double blinding (d) Obtains informed consent from all subjects (e) Administers the trial and control modalities to the 

respective groups. 

2. In a district, it was made legally compulsory to put on helmet, while driving two-wheelers from 1st January 2010. The 

incidence of head injuries among two wheeler drivers for the period 1st January 2005 to 31st Dec 2009 was compared with the 

incidence between 1st January 2010 to 31st Dec 2014. This is an example of: (a) Randomized Controlled Trial – Phase – 3 (b) 

Quasi Experimental design (c) Post Marketing Surveillance (d) Cross Over Design € Cohort Study. 

3. In “Intention – to – treat” analysis, the subjects are analysed according to: (a) The groups according to which they were 

originally allocated following randomization (b) the modality (trial or intervention) which they actually followed (c) Whether 

they continued in the trial or were lost to follow up (d) Whether they were given surgical intervention or medical intervention 

(e) Whether the outcome variable was qualitative or quantitative. 

4. Which of the following is NOT suitable for placebo controlled trial: (a) Trial of tablet Ramipril versus tablet Amlodipine for 

treatment of hypertension (b) Injection kanamycin versus injection gentamycin for treatment of urinary infection (c) medical 

management versus surgical management for treatment of disease of heart valves (d) trial of orally administered laxative in 

liquid form versus no laxative (only sweetened syrup) (e) Trial of dressing the wound with neomycin ointment versus betadine 

ointment.  

5. When neither the subject nor the investigator are aware of the status of the subject (whether he / she belongs to the 

intervention group or to the control group), it is a situation of: (a) No blinding (b) Single blinding (c) Double blinding (d) 

Triple blinding (e) Quadruple blinding. 

Part – 2: Studies On Evaluation Of  Diagnostic Tests 

15.31. Overview of Research in Diagnostic Test Evaluation Studies. In each and every area of clinical as well as public health 

practice, “diagnosis” becomes the central issue. The process of making diagnosis involves the use of certain tests, laboratory 

procedures or a constellation of signs and symptoms, in an effort to find out the truth, i.e. the real pathophysiologic state of 

affairs that exists inside the human body. The common settings of use of diagnostic tests can be microbiological (eg. ELISA for 

HIV infection), pathological (eg. Pap smear for cervical cancer), radiological (MMR for plum, TB), clinical (cold intolerance 

and weight gain for hypothyroidism) or public health (Mammography for mass screening for Breast CA). Apparently, whenever 

we use any “diagnostic test” (including a constellation of signs of symptoms), at the very outset we have to give in to the fact 

that we will never get 100% accurate results. Some deviation on either side (i.e. the test is positive but disease is really absent 

or the test is negative but the disease is really present) is always likely to occur. The basic aim of any study on the evaluation of 

diagnostic test is, therefore, to assess and quantify the extent to which we may go wrong; e.g., we would like to have a quantitative 

idea as to if Pap smear is positive, to what extent the patient may still not have cervical cancer and if Pap is negative, to what 

extent can the patient still have cervical cancer. 

15.32. Essential requirements of a diagnostic test study. In any diagnostic test assessment with the above mentioned broad aim 

in mind, there would be, therefore, 3 essential things required: -  

a) The diagnostic test, which is to be evaluated. 



b) A ‘gold standard’ criteria of diagnosis. This ‘gold standard’ is that diagnostic criteria, which in the current day level of 

knowledge, can be assumed to be 100 percent accurate in diagnosing the condition. For example, while evaluating “Resting 

ECG” as a diagnostic test for Ischaemic Heart Disease, we may keep coronary angiography as the gold standard. Apparently, 

a “perfect gold standard” is more of a hypothetical state. For all purpose, we take a pragmatic view and, nearly always, use a 

“relative gold standard”. 

c) A group of subjects, each of whom should be subjected to both the tests – the test under evaluation as well as the gold standard 

test. This aspect is important – if only those who come out positive on the diagnostic test are subjected to gold standard 

evaluation, but not the ones who come out negative, the diagnostic test study would be incomplete, as we shall see 

subsequently.  

15.33. Parameters on which a diagnostic test is evaluated. Broadly, any diagnostic test should be evaluated in terms of three 

types of parameters: -  

1. Reliability: - (Syn: Precision, Reproducibility, Repeatability). This denotes the ability of the test to give consistent results 

when repeated applications are made. 

2. Validity: - (Syn: Accuracy). This is the ability of the test to correctly diagnose the condition which it is meant to diagnose; in 

other words, it is the extent to which it correctly identifies those who do have the disease as well as excludes those who 

really do not have, against the gold standard. 

3. Economicity: - (Syn: efficiency). This is the extent to which the expenditures on the test in clinical and public health practice 

commensurate with the results. We would describe each of these 3 aspects in the succeeding paragraphs: -  

15.34. Reliability. The ability of any diagnostic test to give consistent results on repeated applications is reliability. It would 

therefore be affected by variations which can occur due to following sources: -  

(a) Due to observers: - Variations in results of a test due to effect of observers can occur due to either    of  the following 

two reasons –  

 i) Inter – observer differences – When two different observers get different values of result, using the same test 

on the same subject. 

 ii) Intra – Observer differences – The same observer may get different results using the same test on the same 

subject on two different occasions. 

         (b) Variations due to subjects: - Different results occurring due to effects of the subject under study are again of two 

types. These are also called biological variations –  

 i) Inter – Subject Variations – No two human beings are exactly similar and hence some differences are bound to 

occur. 

 ii) Intra – Subject Variations – The same subjects may show different values at different times, as commonly seen 

in diurnal variations, circadian rhythm, day-to-day variations etc. 

         (C) Variations due to instruments: - Different physical instruments, reagents etc may give different results. A common 

example is different blood pressure values that may be shown by two different sphygmomanometers.  

15.35. Methods to improve reliability. Since the above mentioned sources of variations may cause serious errors in the evaluation 

of a diagnostic test, as well as in its routine clinical applications, it is very important, rather mandatory, to reduce these variations 

(thereby ensuring reliability) in a Diagnostic test evaluation study. The following check list of actions would help in the same: -  

a) Clearly define each and every step of performing the test in the form of a written “operating procedures” document. 

b) Take standard definitions of clinical conditions and symptoms / signs; eg. Jones criteria of RF. 

c) Take standard techniques of measurement as far as possible, eg. WHO method of measuring Blood pressure. 

d) Train all your workers who will be handling the diagnostic test centrally, as per the standard guidelines laid down in your 

operating procedures document; test them and certify them. 

e) Continue supervision on workers as to how they are performing the diagnostic test throughout the period of study. 

f) Establish a quality control system and do an independent cross check of at least 10% of the subjects / samples. 

g) Buy good quality instruments and reagents; standardize the instruments against standard instruments at the start of the study 

and also subsequently at regular intervals throughout the study. 



15.36. Validity. Before we start explaining the various parameters of validity used in diagnostic test evaluation, let us have a 

look at the following 2x2 table (Table- 15.9):- 

Table – 15.9 : Layout of a 2 X 2 table for Diagnostic Test Evaluation Studies.  

Diagnostic test under 

evaluation 

Gold Standard Test 

Positive Negative Total 

Positive TP (a) FP (b) a+b= total +ve by test 

Negative FN (c) TN (d) c+d= total –ve by test 

Total a+c b+d a+b+c+d=n= total 

Subjects studied 

  

                   Total   Total 

         Truly   Truly 

         Diseased  Not-diseased 

Let us say we studied a total of ‘n’ subjects; each and every subject was given both the diagnostic test, as well as the gold 

standard test for final diagnosis. The notations in the above table can be explained as follows: -  

 Cell ‘a’ represents those subjects who were diagnosed as diseased by the gold standard as well as called positive by the 

test being evaluated. They are thus the “True Positives” (TP). 

 ‘b’ are those subjects who were called positive by our test & were not really diseased, as revealed by gold standard. 

They are thus the “False Positive” (FP). 

 ‘c’ are those subjects who were actually diseased (as diagnosed by gold standard) but our test could not identify them 

and called them negative. These are the “False Negatives” (FN). 

 ‘d’ are those subjects who were not diseased (called negative by gold standard) and the test also correctly called them 

negative. These are the True Negatives (TN). 

 (a+b) are the total number of subjects who were called positive by the test, whether they had the disease or not; thus it 

is sum of TP and FP. 

 (c+d) are the total number of subjects who were called negative by the test, whether they had the disease or not; thus it 

is the sum of FN and TN. 

 (a+c) are the total subjects who were really diseased (gold standard diagnosis) irrespective of whether they were 

identified as positive by our test or not; thus it is the sum of TP and FN. 

 (b+d) are the total number of subjects who were in reality not diseased, as diagnosed by gold standard, irrespective of 

whether our test called them negative or positive; thus it is the sum of FP and TN. 

With the above notational background, let us now deal with the various parameters of validity, giving a hypothetical example. 

Let us assume we were evaluating the performance of ELISA as a diagnostic test for HIV infection, and the gold standard that 

we used was PCR (or such other test to assess viral load). We took 1,00,000 subjects and subjected each and every one of them 

to both, the ELISA (test under evaluation) as well as the PCR (Gold Standard) tests. The hypothetical results are presented in 

the following table – 15.10: -  

Table – 15.10: Explanatory table for data on evaluation of a new ELISA based test for diagnosing HIV 

 Gold Standard Test (PCR) 

ELISA Positive Negative Total 

+ve TP (a) 

990 

FP (b) 

9900 

a+b = total +ve by test 

10890 

-ve FN (c) 

10 

TN (d) 

89100 

c+d = total –ve by test 

89110 

Total a+c 

1000 

b+d 

99000 

a+b+c+d = n 

1,00,000 



 actually 

+ve for HIV 

actually 

-ve for HIV 

 

15.37. Measures of Validity. The main measures of validity (also called as “accuracy” are sensitivity, specificity, and predictive 

values. These are explained as follows:  

Sensitivity: - This is defined as the ability of the test to call positive those who really have the disease. 

Thus, sensitivity  = 
Positive by test (TP) 

= 
TP 

or 
a 

Total Actually diseased (TP+FN) TP+FN a + c  

It is also called “Positivity in Disease” (PID).  

In our above example, sensitivity of ELISA = 990/1000 = 0.99, or 99%.    

Specificity: - This is the ability of the test to call negative those who do not have the disease; thus it is also called as “Negativity 

in Health (NIH). 

Thus specificity  = 
Negative by test  

= 
TN 

or 
d 

Actually not diseased  FP+TN b + d  

In our example, specificity = 89100 / 99000 = 0.9 = 90%. 

15.38. The difficulties with sensitivity and specificity. Sensitivity and specificity of any diagnostic tests are the basic parameters 

of validity. They are ‘fixed’ parameters, i.e. the sensitivity and specificity of any test will not change in different type of settings. 

However, as doctors, our interest is truly not in sensitivity or specificity. Say, in the above example, our interest will not be that 

the ability of the test (ELISA) is 99% in calling positive those who will have the disease. Truly speaking, our interest is something 

different. If one of our patients has tested positive on ELISA, what are the chances that he really has HIV infection? Or, if he 

has tested negative, what are the chances that he really does not have the infection? These questions clearly cannot be answered 

by sensitivity and specificity but by a different set of parameters – the predictive values. 

15.39. Positive predictive value (PPV, PV+, post test probability): - This is the probability that if a person has tested positive on 

a test he will really have the disease. 

Thus PPV      = 
Total true   +ve 

= 
TP 

or 
a 

Total +ve on test TP+FP a + c  

In our above example, PPV = 990 / 10890 = 9.1%. 

Thus, if our patient (of course, one coming from this particular type of population – we will explain this aspect shortly) 

has tested positive on ELISA there are only 9% chances that he will really be having the HIV infection !   

15.40. Negative Predictive value (NPV, PV): - This is the probability that a person who has tested negative really does not have 

the disease.  

     Thus negative predictive value      =  

 

 

The problem with the predictive values. The difficulty with the positive and negative predictive values is that while the sensitivity 

and specificity of a test are constant, the predictive values are largely dependent on the prevalence of the disease in the population 

in which the diagnostic test is being applied. Let us consider the following example: -  

 The sensitivity and specificity of ELISA in diagnosing HIV infection is 99% and 90% respectively, as worked out 

earlier in our foregoing example. Now, let us say, we applied the test in a population with very low prevalence of the disease 

(HIV positivity), e.g., healthy blood donors (in which the prevalence is known to be about 1%). Let us assume that we took 1 

lakh healthy blood donors in this study.    

Now, since prevalence of disease = 1%; Therefore, total who will be truly positive = (1/100) X 100000 = 1000. 

And total truly negative = 100000 – 1000 = 99000. 

Since, sensitivity of ELISA is 99%, it will correctly identify (99 / 100) X 1000 = 990 of those 1000 who have the infection; 

Thus, 1000 – 990 = 10 will be called negative. 

True negatives 
= 

TN 
or 

d 

Total –ve on test FN+TN a + c  



Again, since specificity is 90%, it will correctly call, as negative, 90% of 99000 who do not have the disease, i.e. 89100. Hence 

99000 – 89100 = 9900 will be called positive by ELISA through they do not have the infection. We can now complete the 2x2 

table as shown in Table – 15.11:-  

Table – 15.11: Example of data on HIV testing of healthy blood donors (prevalence od HIV = 1%) with ELISA 

 Healthy blood donors 

ELISA Having HIV 

Infection 

Not Having HIV 

Infection 

Total 

+ ve 990 9900 10890 

- ve 10 89100 89110 

Total 1000 99000 100000 

 Now, PPV = 990 / 10890 = 0.091, or 9.1%; and NPV = 89100 / 89110 = 0.9999, or 99.99% 

It follows that if the prevalence of the disease in the target population is low, the PPV will be low. Thus, if a healthy blood donor 

tests positive on first ELISA, the probability that he really has HIV infection is only 9% (This may sound interesting but is a 

fact. A leading text book of Medicine authentically says that of the healthy blood donors who test positive on first ELISA screen 

test, only about 13% will finally be confirmed to have the infection. The reason for this is explained above). 

 Now, let us say – we apply the same ELISA in another population with a very high prevalence of HIV infection; say, 

commercial sex workers (CSWs) in whom the prevalence is known to be about 50%. Assuming that we subjected 100000 CSWs 

to ELISA tes, since the prevalence is 50%, a total of 50000 CSWs would be having HIV infection out of the 100000 being 

studied. With a sensitivity and specificity of 99% and 90%, ELISA will give us 49500 True Positives (99% of 50000 diseased) 

and 45000 True Negatives (90% of 50000 not infected). The 2x2 table can now be constructed as per Table – 15.12: - 

Table-15.12: 2X2 Table of the example of HIV testing of CSWs by ELISA based test being evaluated.       

 Commercial Sex Workers 

ELISA Having HIV 

Infection 

Not Having HIV 

Infection 

Total 

+ ve 49500 5000 54500 

- ve 500 45000 45500 

Total 50000 50000 100000 

 Now, PPV = 49500 / 54500 = 0.91, or 91% ; and NPV = 45000 / 45500 = 0.989, or 98.9% 

Thus, if the prevalence is high, the PPV is very high. In other words, if a CSW tests positive on first ELISA, the probability that 

she really has HIV infection is very high – more than 90%. 

15.41. Clinical implications of prevalence and PPV. The above description of how a test, with a given sensitivity and specificity 

(which are constant parameters) can give very different positive predictive values depending upon the prevalence of the disease 

in the target population, has important clinical and public health implications: -  

a) Most of the diagnostics tests, after their development, are validated in tertiary care settings, were the prevalence of the 

disease condition as such is very high and hence the PPV in such settings will be high. However, the same test (with the 

same sensitivity and specificity) will have a hopelessly poor PPV if applied in the primary health care settings where the 

prevalence of the disease is low. Let us take a common example: - 

 If we validate Resting ECG as a diagnostic test for diagnosing IHD in a cardiology center, on males more than 35years 

age, the prevalence of IHD in this “population” (i.e. males more than 35years age attending a cardiology center) is likely to be 

substantial (say, at least 15% to 20%). Now let us say, validation studies in these settings indicate that the sensitivity and 

specificity of Resting ECG in diagnosing IHD is 95% and 80% respectively. Impressed with this sensitivity and specificity, 

we start applying resting ECG as a screening test for IHD in healthy young males of more than 35years age, say, sportsmen. 

Now the prevalence of IHD in this target population is very low, say 1 in 1000. Let us say we put 100,000 healthy sportsmen 

aged > 35years to this screening test. Now, since the prevalence is 1 in 1000, 100 out of the 100000 will actually have IHD 

and 99,900 will not have IHD. With a sensitivity of 95%, 95 of these 100 will be called “True positive” by Resting ECG; and 



with a specificity of 85%, 84915 of the 99900 non diseased with be correctly called non diseased (TN) by Resting ECG; Hence 

99900 – 84915, i.e. 14985 will be False positives. The resulting 2x2 table will be as shown in Table-15.13: - 

Table-15.13: Data on hypothetical example of Resting ECG of one lakh sportspersons for screening for IHD  

 TRUTH 

Resting ECG  

Result 

Have  

IHD 

Do not have 

IHD 

Total 

Positive 95 14985 15080 

Negative 5 84915 84920 

Total 100 99900 100000 

 

 

 

 In other words, a young healthy sportsman aged >35 years who turns positive on resting ECG has even less than 1% 

chances of really having IHD. The implications can be serious. The 15080 which are called positive by Resting ECG, will have 

to be subjected to confirmatory test (as at least a combination of TMT and Echo), leading to excessive expenditure, which 

could have been diverted to some other fruitful activity and finally not even 1% of these will turn out to be having IHD. 

Secondly, the adverse psychological impact (“labeling effect”) on the 14985 who really do not have IHD but are called positive 

by Resting ECG can be tremendous. The clinician, epidemiologist, researcher as well as health administrator must keep 

themselves aware of such phenomena.    

 (b) Most of the diagnostic tests and equipment which are marketed describe the sensitivity and specificity (which are likely to 

be quite high) to impress the clinician and health administrators. However, these do not describe the settings in which the 

validation studies have been carried out. We should therefore, specifically ask them (the manufacturers or promoters) about 

the “settings” in which such validation studies are done by them and see if our settings of proposed application of the test are 

the same as the  ones in which the test was validated. 

(c) We can improve the PPV by bringing the subjects from a population of low prevalence to one of a high prevalence by 

certain artificial measures. Let us work on an example to see how this can be done. In our example on ELISA done on healthy 

blood donors, after the first test the 2x2 table    showed that in all, 10890 persons out of a total 100000 had tested positive. 

         Now, after doing this first ELISA, let us pick up all the 10890 who tested positive (these would include 990 who 

truly have HIV infection and 9900 who do not have HIV infection but have tested positive, i.e. FP & TP). Now, let us 

subject these 10890 to second ELISA test. The results of this second ELISA would be as shown in Table-15.14:- 

Table-15.14: Hypothetical data of second round of ELISA testing of healthy blood donors who tested positive on first testing  

 Healthy blood donors who tested positive with 

ELISA on first test 

Second 

ELISA 

Having HIV 

Infection 

Not Having HIV 

Infection 

Total 

+ ve 980 990 1970 

- ve 10 8910 8920 

Total 990 9900 10890 

 

Now, since there were 990 who actually had HIV infection and the sensitivity of ELISA is 99%, 980 of these 990 will be called 

correctly positive (TP). Again, with a specificity of 90%, 8910 of the 9900 non infected will be called negative while (9900 – 

8910). i.e. 990 of the non infected will be called positive (FP). Thus, the PPV would now be 990 / (990 + 980) = 0.498. i.e. 

49.8%. Thus, after the first test the PPV was only 9%; after second test I is almost 50%. How could this happen ? This occurred 

because during the first test the prevalence was 1000/100000, i.e. 1% which was very low. However, during the second test, the 

prevalence was 990 / 10890, i.e. 9%. 

PPV       = 
95 

= 0.0063 or 0.63% 
15080 



As an exercise, you may like to calculate for yourself what the PPV would be if we pick up all those 1970 who have tested 

positive on second ELISA and give them  a third ELISA test ? Well, it will be 91% this time – quite high. Thus if a healthy 

blood donor tests repeatedly positive (3 or more times) on ELISA, you would be more than 90% sure that he does suffer from 

HIV infection. Even in our everyday clinical practice, we do this exercise, though often unknowingly. If a young athlete walks 

to our office and complains of ‘chest pain’ we do not straightaway order for an ECG, because he represents a “population” (of 

young athletes having chest pain) in which the prevalence of IHD would be very low and hence the PPV of ECG in such a 

population would be poor. What we do is that we ask him two more question “Does it occur on exertion?” “Does he have a 

history of IHD among any of his first degree blood relatives? If his answers are yes, we now order for an ECG; because now he 

represents another “population” (of young athletes with chest pain occurring on exertion and with a strong family history of 

IHD) and in this type of population, the prevalence of IHD is high and hence the PPV of ECG would be high. 

15.42. When to use a highly sensitive test.  A test which has very high sensitivity (though at the cost of low specificity) will 

identify, as positive, almost all of those who have the disease (i.e. high TP rate) through in the bargain it will also call, as positive, 

a large number of those who do not have the disease (high FP). In other words, the number of false negatives will be low; it 

means that, if a person comes negative on a highly sensitive test, then we are almost sure that he does not have the disease (if 

test result is positive, however, then we not very sure that the person really has the disease because ‘FP’ will be very high). It 

follows, therefore, that a highly sensitive test is of value, clinically, when it is “negative”, when it helps in “ruling out” the 

disease; eg. ELISA is a highly sensitive test for HIV infection (sensitivity 99%); thus, if a person is negative on ELISA, we are 

pretty sure that he does not have HIV infection, i.e. we rule out the diagnosis. However, if ELISA is positive, we are not so sure 

that the person really has HIV infection and hence we put him to a confirmatory test like western Blot (or repeated ELISA tests 

using different systems). It also follows, therefore, that a highly sensitive test would be ideal as an initial screening test. 

15.43. When to use a highly specific test.  On the same reasoning used for a highly sensitive test, a highly specific test will 

have a large number of True Negatives and a very small (almost minimal) False Positives; however, the price one will pay will 

be a large number of False Negatives coming in. Because the False Positives are almost nil in a highly specific test, if such a test 

is positive we are very sure that the person does have the disease; however, if the test is negative, it will not have much value 

since it will give a large number of false negative results. Thus, a highly specific test is of value when it is positive; and a positive 

result from a highly specific test “rules in” the diagnosis. An example is Western Blot test for HIV infection which is a highly 

specific test (specificity 99% or more). Once Western Blot is positive we are sure that the individual does have HIV infection. 

It also follows, therefore, that a highly specific test is best used as a “confirmatory test” and not as a “screening” test. 

 This discussion on highly sensitive or highly specific tests is because a test which is highly sensitive is likely to lose on 

specificity and vice versa. You possibly cannot have a test which is both highly specific as well as highly sensitive (because, if 

it is so, it will itself become the ‘gold standard’). 

15.44. The Likelihood Ratios. From the foregoing narration it would be clear that the interest of the clinician or the public health 

specialist is, truly speaking, in the PPV and not the sensitivity or specificity. However, as we have seen, PPV depends on the 

prevalence of the target condition in the population, which is more often a matter of guesswork. To overcome these problems, 

the concept of likelihood ratios has been developed: -  

Likelihood Ratio (Positive) (LR +, LRP). This is calculated by the following equation: -  

LR+    = 
Sensitivity 

(1 – Specificity) 

For example, if the sensitivity of ELISA is 99% (i.e. 0.99 and specificity is 90% (i.e. 0.90), then 

LR+    = 
0.99 

= 
0.99 

= 9.9 
(1 – 0.90) 0.1 

 The interpretation is “A positive result on ELISA for HIV is 9.9 times (say, roughly 10 times) more likely to occur in 

a subject with HIV infection as compared to a subject who does not have HIV infection”. 

Negative Likelihood Ratio (LR-, LRN). This is calculated by the equation: -  

 



LR -   = 
(1 – Sensitivity) 

Specificity 

In our above example on ELISA, 

LR -    = 
(1 – 0.99) 

= 0.011 = 1.1% 
0.90 

 The interpretation is that a negative result is only one hundredth times likely to occur in a person who really has HIV 

infection as compared to a person who does not have HIV infection. Apparently, for ELISA as diagnostic test for HIV infection, 

the LR minus is quite high (of the magnitude of 100 times) as compared to LR+ (of the magnitude of 10 times). Thus, it is the 

negative result of ELISA which is more important (a negative result would “rule out” the diagnosis), but not so much importance 

could be given to a positive result (a positive result of ELISA does not rule in the diagnosis; we have to further confirm). 

15.45. The Situation When The Diagnostic Test Makes Measurements On A “Continuous Scale”. The discussion till now was 

in settings when the results of diagnostic test are recorded in either of the two categories – “Positive” and “Negative” (i.e. a 

categorical, “dichotomous” scale). However, there will also be situations when the results of the diagnostic test are measured on 

a “continuous scale”. Let us take the following hypothetical example: We undertook a study to evaluate Alanine 

Aminotransferase (ALT) as a screening test for chronic parenchymal liver disease. 500 patients attending a gastroenterology 

center with symptoms of liver disease were subjected to both, an assay of serum ALT levels as well as a diagnostic liver biopsy 

which was taken as the gold standard in this case. The results are presented in Table-15.15: 

Table-15.15: Hypothetical results of ALT as a screening test against Liver Biopsy as the Gold Standard.  

Serum ALT 

Levels 

Chronic parenchymal liver disease 

(As diagnosed by Liver Biopsy) 

Units / Liter Present Absent Total 

≤ 20 0 120 120 

21 – 40 20 150 170 

41 – 60 40 15 55 

61 – 80 40 12 52 

81 – 100 40 3 43 

> 100 60 0 60 

Total 200 300 500 

Now, the instant question which would come up in any such situation is “what should be the optimum cut-off point for serum 

ALT by which we have the best probability of diagnosing Chr. Liver disease; i.e. at the cut-off point, we should correctly 

identify, as many as possible of those who have the disease (i.e. high sensitivity) and, at the same time, correctly leave out 

maximum number of those who do not have the disease (i.e. high specificity)”.  

 Now let us see what happens if we place the cut-off point at 20 U/Litre (situation no. 1), and specify that we will 

diagnose any body who has ALT levels >20 U/1 as having chronic liver disease. If this be the situation then we will diagnose 

all the 200 real patients as having liver disease; but at the same time we would also diagnose 180 non diseased persons (150 + 

15 + 12 + 3 +0) as having Chr. Liver disease. The 2x2 table would appear as shown in table – 15.16:- 

Table – 15.16: Diagnostic capability of ALT when cut off point is placed at 20. 

Diagnosed Using ALT 

Level of  >20  

Chr. Parenchymal liver disease by 

Gold Standard 

Present Absent 

       Present 200 180 

       Absent 0 120 

Total 200 300 

And, in such situation, the sensitivity would be 200/200 = 100%, but the specificity would be 120/300, 

i.e. 40% only.    

 

(1) 

(2) 

(3) 

(4) 
(5) 



 Now, let us say we decide to place the cut of point at >100, specifying that if we find anybody with ALT level >100 

U/1, we would diagnose chronic liver disease, otherwise not. The 2x2 table in such case is shown in table – 15.17: 

     Table – 15.17: Diagnostic capability of ALT when cut off point is placed at 100. 

Diagnosis based on  

ALT >100 

Gold Standard Diagnosis 

Present Absent 

       Present 60 0 

       Absent 140 300 

Total 200 300 

 

In this instance, sensitivity =      

 

    

 And, specificity =    

          

In fact we can work out the sensitivity and specificity for each level of cut-off point and put the same in the table as shown in 

Table-15.18. 

Table-15.18: Sensitivity and Specificity for diagnosing liver disease at various cut-off levels of ALT  

Cut off level Sensitivity Specificity 1 – Specificity 

> 100 0.30 1.00 0 

> 80 0.50 0.99 0.01 

> 60 0.70 0.95 0.05 

> 40 0.90 0.90 0.10 

> 20 1.00 0.40 0.60 

* We shall discuss the significance of the column (“1 – specificity”) a little later. 

 The straight conclusion which the above table gives us is that nowhere we would find a cut-off point where both 

sensitivity and specificity are 100%. If we lower out cut-off point (i.e. make the diagnostic criteria less strict), there will be an 

improvement in sensitivity from (0% at >100 to 100% at >20 units) but this will be obtained at a corresponding decline in 

specificity (from 100% at >100 units to 40% at >20); and contrarily as we keep raising the cut-off point (i.e. make the diagnostic 

criteria more strict) our specificity will keep increasing but at a corresponding decline in sensitivity. 

15.46. The Receiver – Operating Characteristics Curve. The next question which comes to us, now, is what should be the 

“optimum cut-off point, i.e. how do we decide the cut off point which gives us the best combination of specificity and sensitivity. 

For doing this, we undertake the exercise of constructing the “Receiver – Operating – Characteristics curve” (ROC curve). For 

drawing the ROC curve we plot the values of sensitivity along the Y–axis and the values of (1 – specificity) along the X–axis 

(horizontal axis) as shown in figure 28.1. A line is formed by joining the points obtained by plotting the various sensitivities and 

(1 – specificities) corresponding to the various cut off points. These points are depicted as, A, B, C, D, E, and so on. Now, the 

point on this curve (A, B, C, D, E, and so on) which is nearest to the top left corner is the “optimum operating point”. This is 

best seen by a visual eyeballing of the curve (through there are complex statistical tests to find it out). 

If you plot the curve with the data given in Table-15.18 (You should actually try and do it), you will find that in that  

figure, point ‘D’ is the point which is nearest to the top left corner of the box. By dropping perpendiculars from this point , we 

find that this point corresponds with sensitivity and (1 – specificity) levels of 0.9 and 0.1 respectively. Getting back, now, to our 

table we find that these levels of sensitivity and (1 – specificity) correspond to the cut off point of 40 units / liter. Thus, on the 

basis of our data, we would put the level of >40 units per litre of ALT as the cut off criteria for diagnosing chronic parenchymal 

liver disease; this level will give us a sensitivity and specificity of 90% each. The ROC Curve for this example is shown in Fig-

15.3 below: 

60 
=  30% (0.3) 

200 

300 
=  100% (1.0) 

300 



 

15.47. Steps in Planning a Study on Diagnostic Test Evaluation. The following steps are to be used as a checklist when planning 

a study on diagnostic test evaluation: -  

a) Clearly define your research question and its background significance -  

* How your new diagnostic test, being evaluated, will help in better public health care / improved patient management. 

* Will it favorably improve the outcome or will it simply increase the sick years (for example by diagnosing a disease earlier 

but for which there is no treatment, you will only increase the “sick years” and not the “healthy years”). 

* How is it going to be better than the existing tests (in terms of cost, ease of administration, technical ease, higher accuracy 

or better precision). 

b) Specify the Variables – Clearly define the Outcome variable (i.e., the disease being diagnosed), the test under evaluation, the 

gold standard test and the various confounding variables as age, sex, stage of disease and so on (e.g. ALT, chronic 

parenchymal liver disease, HIV infection etc) and the “scales” on which these variables are going to be measured (whether 

dichotomous or continuous etc). 

c) Give a clear description of the following “settings” of your study -  

* The type of hospital where you are going to do the study (eg. specialized center; secondary level care hospital etc). 

* The demographic profile of the subjects (age, sex, race, education, economic status etc). 

* The “referral filter” that your subjects have passed through before coming to your hospital; eg. Whether they have come 

directly or passed through a referral filter of primary health center, district hospital etc. 

* The “spectrum of disease” that you are including – whether only the severe forms or all the forms, i.e. mild, moderate and 

severe.   

d) As far as possible, include the complete spectrum of disease in your study – the mild, moderate and severe forms; the typical 

as well as atypical forms; and also those disorders which are likely to be confused with the target disease. 

e) Give a clear description of the “Gold standard” of diagnosis in your study, the reason as to why you are adopting it as a gold 

standard, and a clear description of the technique of undertaking the Gold standard test. 

f) Give a clear and detailed description of the technique of doing the diagnostic test under study so that your colleagues who 

read your research paper can also undertake it on their patients. 

g) Clearly mention the Replicability (reliability) of your diagnostic test in terms of variations that may occur due to  

 - Observers (inter and intra observer) 

 - Subjects (inter and intra subject) 

 - Instruments and techniques. 

h) Give a clear description of methods to improve precision, i.e. to reduce variability when applying this test, in terms of –  

 - Standardization of instruments  

 - Standardization of techniques 

 - Training and certification of observers (workers) 
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 - Quality control procedures and Standard Operative Manual for undertaking various tests (gold standard test and the test 

under evaluation). 

i) Calculate the sample size – The sample size in a diagnostic test study is done in two stages: -  

1) First, specify the expected “sensitivity” of the test – just a rough estimate (as you have done earlier also during sample 

size calculations for other type of studies; and specify the “acceptable deviation” from this sensitivity on either side of 

the expected sensitivity.  

  Then,    a  =    

 

    Let us say, we are validating ELISA test for HIV infection. Our rough estimate is that the sensitivity would be 

95% (i.e. 0.95) and we accept a deviation of 3% on either side (i.e. acceptable range of sensitivity to be detected by the present 

study sample = 92% to 98%); thus d = 3% (i.e. 0.03). 

a    = 
0.95 X (1 – 0.95) 

= 53 
0.03 X 0.03 

Now, the actual sample size ‘N’ is calculated by the formula 

N    = 
a 

Prevalence 

Let us say the expected prevalence of HIV infection in the population we are doing our study (say, professional blood donors) 

is 5% (i.e. 0.05)  

Thus,         

 

   Thus, we should take a sample of 1060 subjects from the given population of professional blood donors. (Note that if sensitivity 

is used as a fraction out of 1, then prevalence should also be in fraction form). In our example, we have therefore, taken both, 

the sensitivity (0.95) as well as prevalence (0.05) in fraction form.    

 We can calculate the sample size by specifying specificity instead of sensitivity; the equation remains the same, i.e., 

a    = 
Spec X (1 – Spec) 

d2 

And  

N    = 
a 

Prevalence 

k) And the last, but the most important point during the conduct of a diagnostic test study (which is often forgotten) is “Put each 

and every subject of your study to both the diagnostic test under study as well as the Gold Standard test”. If this is not done 

(eg. only those who come positive on diagnostic test are put to Gold Standard test), it does not remain a diagnostic test study 

at all. 

15.48. Check your progress – 2. 

6. A highly sensitive helps in: (a) Ruling – in the disease (b) Ruling – out the disease (c) Establishing the final diagnosis of the 

disease (d) Ensuring reliability (e) increasing the statistical precision. 

7. In ROC Curve analysis, for working out the optimum cut off  point, the curve is drawn between: (a) Specificity and 

sensitivity (b) Sensitivity and False Positive Fraction (c) Sensitivity and True Positive Fraction (d) Positive and Negative 

Predictive Values (e) False Negative and True Positive Fractions. 

8. Specificity gives us the ability of the test to correctly identify: (a) Those who really do not have the disease (b) Those who 

really have the disease (c) Those who either really have the disease or really do not have the disease (d) None of the above 

options (e) All above options. 

9. The equation ({(TP) ÷ (TP + FP)} gives us: (a) LR Positive (b) LR Negative (c) PPV (NPV) (e) Accuracy.  

10. Another name for validity is: (a) Economicity (b) Yield (c) Reliability (d) Precision (e) Accuracy. 

15.49. Summary. 

Sens X (1 - Sens) 

(Deviation)2 

N    = 
53 

= 1060 
0.05  



 The Experimental Design (also known as “interventional design” or “clinical trial” or “RCT”) is defined as a 

epidemiological research design in which the investigator, after defining his / her research question, draws a random 

sample of subjects from the study population and then removes any subject who already has the hypothesised exposure or 

the postulated outcome variable. She then divides this sample into two or more groups using the process of 

“Randomization (Random Allocation)”. She now actively intervenes by introducing the intervention (trial) modality into 

one group and the “placebo control” modality in the other group, thereafter following up the two groups for an appropriate 

period of time and compares the incidence of the outcome in the two groups, thus calculating the efficacy of the modality 

being tried.  

 Experimental Design is the ultimate design in epidemiology and medical research. It is the strongest of all type of studies 

because of the power of “randomization” by which the investigator deliberately divides the subjects into two groups by the 

process of randomization, so that each subject has an equal chance of coming in either of the groups and the two groups 

finally created are similar to each other in all respects at the baseline. Thus any difference regarding the outcome in the two 

groups would apparently be due to the intervention and not because of some other differences which existed in the two 

groups. This takes care, to a large extent, of the various factors which may lead to selection bias as also takes care of 

confounding bias because of the two groups being similar to each other at baseline. The second major strength is that it is 

the investigator who deliberately introduces the intervention and the “placebo control” modalities in the two groups, 

thereby obviating any chance of “self-selection” bias. Thirdly, it is a prospective follow up study which calculates the 

incidence of the “outcome” in the two groups being compared and hence assures us of temporal relationship. 

 The above-mentioned advantages of an experimental design come at the cost of certain disadvantages. Firstly, it can be 

undertaken only (and should be undertaken) when we are studying the efficacy of a therapeutic measure (as a new drug or 

such other medical or surgical treatment modality) or else studying the efficacy of a preventive procedure (as vaccine or 

chemoprophylaxis or such other preventive measures). It cannot be used for study of risk factors of a disease or for 

studying the natural history or prognostic factors in a disease, because we, apparently, cannot randomly divide human 

beings into two groups and tell one group to start undertaking a “risk factor” or an adverse prognostic marker. Secondly, 

clinical trials are very costly and need considerable expert inputs from clinicians, research methodologists / 

epidemiologists and statisticians. Thirdly, clinical trials carry a lot of ethical issues which need to be addressed before 

starting, and during conduct, of a clinical trial. Therefore, before starting an experimental design, one should be very sure 

that a clinical trial is really required by discussing with experts, thoroughly reading the available literature, undertaking a 

“meta-analysis” of available studies, obtaining ethical and administrative / legal clearances and discussing with concerned 

clinicians, epidemiologists and bio-statisticians. 

 An intervention study starts with the clear definition of the research question, including the definition of the “trial 

modality” i.e., the drug / vaccine or such other therapeutic or preventive measure being studied, the definition of the 

outcome (or “end-points”) and the various confounding factors and co-variates which need to be considered during 

analysis. Based on this clearly defined question, the investigator defines the “reference population” and the actual study 

population (which should be a representative subset of the reference population and from which the sample of study 

subjects will be drawn).  

 The investigator now clearly defines the “exclusion” as well as the “inclusion” criteria for the subjects who will be taken 

into A sample of study subjects, which is about 25% larger than the calculated sample size (to cater for those who will be 

excluded because of the “exclusion” criteria and for not willing to participate) is then drawn from the defined study 

population using a method of probability sampling. The subjects so drawn for the study are first of all assessed and any 

subject who already has the exposure (i,e. already using the drug or vaccine etc. which is to be tried in the trial) or who 

already has the outcome (i.e., has already achieved the clinical end point of the trail) are excluded. Following this, all 

subjects are informed of the scope of the trial and the fact that they will be “randomly allocated” so that it cannot be 

predicted whether the subject will come in the trial group or in the control group. Having informed all the subjects, their 

“informed consent” is taken with their volition, without and force, undue motivation or coercion. Thereafter the remaining 



subjects are randomly allocated into the two groups, a study group and a control group. The characteristics of subjects from 

the two groups is recorded and analysed at the baseline to show that the two groups are similar to each other and that the 

randomization process has been successful. 

 The investigator now introduces the “trial” modality (i.e., the therapeutic or the preventive modality whose efficacy is to be 

tried out) into one of the groups and the “control” modality into other group. It should be ensured that the “placebo 

control” modality is exactly similar to the intervention modality in size, shape, appearance, consistency, etc., so that the 

subjects or the investigator are not able to make out whether a given subject is getting the trial modality or the intervention; 

only the active ingredient will be missing from the placebo control modality. The investigator also takes steps for 

“blinding”, in a way that the subjects of the trial are not aware as to whether they are getting the trail modality or the 

control modality (single blinding), or, preferably, neither the subjects nor the investigator is aware as to which group a 

given subject belongs to (double blinding). 

 The investigator now follows up all the subjects in both the groups for an appropriate period of time and keeps on regularly 

examining the subjects from both groups using similar methods of assessment so that there is no biased assessment 

between the two groups. Steps are also taken to ensure that all subjects continue in the trial and that “losses to follow-up” 

are kept at the minimum. 

 The trial data is analysed according to the incidence of “outcome” (which may be occurrence or non-occurrence of the 

defined disease or cure from the disease) in the exposed (i.e., getting the intervention) group and the placebo control group. 

Ratio of these two incidence will give the efficacy of the drug / vaccine or such other modality which was being tried out. 

95% Confidence Limits (CL) of this efficacy is calculated as well as statistical testing for difference between means / 

medians / proportions is undertaken to assess the significance of difference, statistically. 

 The second part of this unit dealt with “studies for evaluation of diagnostic tests”. A new diagnostic test can be a laboratory 

test or a radiological procedure or a group of clinical signs and symptoms proposed to be introduced into clinical practice. 

Such a news diagnostic test should be assessed for its diagnostic capability to correctly diagnose those who have the 

disease as well as to correctly call negative those who really do not have the disease. The evaluation of such a new 

diagnostic test is done against a “gold standard test” which is the test which will correctly diagnose as positive all the 

persons who have that disease or as negative, all those who do not have that disease. 

 It is compulsory in a study for evaluating the efficacy of a diagnostic test that all the subjects being studied should be 

subjected to both, the diagnostic test being evaluated as well as the gold standard test. In this scenario, each subject will fall 

into one of the four permutations and combinations, namely (i) the test is positive and the gold standard test is also 

positive, i.e., the test has called that person who really has the disease as positive, i.e., “True Positives” (TP, denoted by 

cell “a” in the standard 2 X 2 table) (ii) subjects who are called positive by the test but are actually not diseased because 

gold standard test has called them negative, i.e., “False Positives” (FP, denoted by cell “b”) (iii) Subjects who are called 

negative by the test but are actually having the disease since the gold standard test called them as positive; these are the 

“False Negatives” (FN, denoted by cell “c”), and (iv) Subjects who are called negative by the test and also actually do not 

have the disease since the gold standard also called them as negative – these are the “True Negatives” (TN, denoted by cell 

“d”). 

 Further, it would be apparent that all those who are called positive by the test (whether they actually have the disease or 

not) will be TP + FP (or, a + b); similarly all those called negative by the test will be TN + FN (or, c + d); all those called 

positive by the gold standard (irrespective of whether our test under evaluation called them as positive or negative) will be 

TP + FN (a + c) and all those who really do not have the disease, i.e., called negative by gold standard test, will be FP + 

TN (b + d). The total subjects tested will be, naturally, (a+b+c+d). 

 In the evaluation of a new diagnostic test, we mainly evaluate two parameters, of which the first one is “Reliability”, also 

known as repeatability, replicability, consistency and precision, which is the ability of the test to give consistent results 

when repeated applications are made on the same subject under similar conditions. Reliability is adversely affected by 

variations, which may occur within the same subject (intra-subject variations, e.g., the blood pressure of the same person 



may be different at different times of the day), or due to different observers, or due to variations in instruments / techniques 

used for making the measurements. The key word for ensuring reliability is “Standardisation and Consistency”, which is 

brought about by using standard definitions, standard measurement techniques, standard instruments and centralized and 

standard training of all observers / investigators / data collectors, in making the measurements. 

 The next parameter is “Validity” which means that the test is correctly measuring the diseased or non-diseased status. 

There are two major constituents of validity, namely, sensitivity, which is the ability of the test to correctly call as diseased, 

those who really have the disease and is equal to TP ÷ (TP + FN) or a ÷ (a + c). The second parameter is “specificity” 

which is the ability of the test to correctly call as non-diseased those who actually do not have the disease, i.e., TN ÷ (FP + 

TN) or d + (b + d). A combination of these two parameters of sensitivity and specificity is often called as accuracy and is 

calculated as (TP + TN) ÷ (Total subjects tested) or (a + d) ÷ (a + b + c + d). 

 Additional parameters in evaluation of a diagnostic test are the Positive Predictive Value (PPV) which is the probability 

that the person with a positive test really has the disease and is calculated as TP ÷ (TP + FP) or a ÷ (a + b). This parameter 

is very important for the clinician because mostly his / her interest is to know the chances (probability) that the patient who 

has come with a positive result on a test really has the disease, which is given by PPV. PPV will be high if the prevalence 

of the disease in the population (from which the patient has come) is high and vice-versa. The other parameter is Negative 

Predictive Value (NPV) which is the probability that a patient with a negative result on the test being evaluated really does 

not have the disease and is calculated as TN ÷(FN + TN) or d ÷ (c + d). 

 Finally, there are situations when the results of a test under assessment for its diagnostic performance, are available on a 

continuous scale and not as dichotomy of positive or negative, as discussed earlier. Examples of such situations are various 

biochemical tests as enzymes, blood sugar, cholesterol, etc. In such situations, the researcher has to calculate the “Best 

Trade Off Point” or the “Optimum Cut Off Point” which is undertaken by “Receiver Operating Characteristics Curve” 

(ROC). In this curve, the sensitivity levels at various cut-off points of the test being assessed are plotted along the vertical 

(Y) axis and the corresponding (1-specificity) levels (also called as “False Positive Fractions”) are plotted along the 

horizontal (X) axis. The point which is nearest to the top left hand corner is selected as the optimum cut off point for the 

test. 

15.50. Glossary. 

 Interventional Design. Also known as “Experimental Design”, “Randomized Controlled Trial – RCT” and “Clinical Trial”. 

It is defined as a epidemiological research design in which the investigator, after defining his / her research question, draws 

a random sample of subjects from the study population and then removes any subject who already has the hypothesised 

exposure or the postulated outcome variable. She then divides this sample into two or more groups using the process of 

“Randomization (Random Allocation)”. She now actively intervenes by introducing the intervention (trial) modality into 

one group and the “placebo control” modality in the other group, thereafter following up the two groups for an appropriate 

period of time and compares the incidence of the outcome in the two groups, thus calculating the efficacy of the modality 

being tried. 

 Quasi – Experimental Design. These are interventional studies under circumstances when an “intervention” has been given 

to one group of subjects and not given to another group, but the procedure of “random allocation” or “placebo” control or 

else “blinding” has not been enforced for various reasons of practicability or ethics. Ideally, an experimental design should 

have the three essential elements of “Randomization”; controls (usually placebo-control); and Blinding. This is what is 

called the “Randomized, Controlled, and Blinded Trial” (RCT). This is the most scientific way of conducting an 

experimental study. However, often such ideal conduct on the basis of RCT, as described above, may not be possible; one 

has to be pragmatic and take a practical approach. Say, at times, one may not be able to “randomly” allocate subjects into 

two groups. At times the “placebo” part of control may be impossible (e.g. surgical vs. medical management of IHD). 

Then, there may be situations when “blinding” may be impossible, as in surgical interventions.  

 Randomization. Also known as “Random Allocation” , is a procedure in which a group of subjects is divided into two or 

more groups using random or probability based techniques (usually random numbers or computer assisted randomization) 



so that each subject has an equal chance (probability) of coming in any of the groups. The power of such randomization is 

that the two or more groups so formed by random allocation will be exactly similar to each other as regards various 

characteristics of the subjects (i.e., there will be no significant difference at the baseline between the two groups)  and 

hence any difference observed later on after administering an intervention modality to one of the groups will be attributed 

to the effect of that intervention and not to any other inherent difference in the subjects of the two (or more) groups. 

Randomisation thus takes care of the confounding bias and the selection bias. 

 Blinding. It refers to a procedure in an experimental design by which the investigator and / or the subjects will not be aware 

as to whether they belong to the intervention group (i.e., the group receiving the trail modality) or to the placebo controlled 

group. When the subjects are not aware as to which group they belong to, but the investigator is aware as to which group a 

given subject belongs to, it is known as “single blinding”, while when neither the subjects nor the investigator are aware, 

then it is known as “double blinding”. Blinding thus takes care of the measurement bias which may happen on part of the 

subjects or the investigators if they are aware as to which group the subject belongs to. 

 Control. It is a group made for comparison, whose subjects are similar to the subjects of the trial (getting the intervention 

modality) in their characteristics, but they do not get the intervention modality; often they are given a “decoy” called 

placebo. 

 Placebo. It is a “decoy” which has the same appearance, taste and method of administration as the intervention modality, 

excepting that the active ingredient being tried in the study is missing from this placebo. It takes care of the measurement 

bias which may occur on the part of the subjects if they know that they are not getting the actual drug or procedure which 

is being tried out in the interventional study. 

 Phases of Clinical Trial. Clinical Trial has four phases, serially numbered from I to IV. Phase – III is the classical RCT or 

clinical trial, which is usually described in research methodology training. Phase – IV is post-marketing surveillance after 

the drug / vaccine has been marketed following successful evaluation in Phase – III. 

 Efficacy of a Drug. It gives us the number of times a drug / therapeutic procedure will be efficacious in bringing about the 

outcome (which is usually the cure from disease) as compared to the control modality. 

 Efficacy of a vaccine. It is the percentage of protection that will be provided by a vaccine compared to when that vaccine is 

not given and is calculated as: {(Incidence of disease in Unvaccinated Group) – (Incidence of disease in the Vaccinated 

Group)} ÷ (Incidence of disease in the unvaccinated group). 

 Intention to Treat Analysis. It is described by the phrase “Analyse as you Randomize” and is the method in which subjects 

of a clinical trial are analysed according to the original group (intervention or control group) into which they were 

originally randomly allocated and not according to how they behaved subsequently during the course of the trail, e.g., 

becoming irregular in treatment or switching over to the other modality or starting some additional co-intervention in 

between the trial. 

 Numbers Needed to Treat (NNT). It is calculated as the reciprocal of “Attributable Risk” (AR). AR is calculated as the 

difference between “Incidence of defined outcome (usually cure from the disease) in the trial group and incidence in the 

control group. NNT tells us the number of patients that will need to be treated with the trial modality to get one additional 

case of “outcome” (usually cure) as compared to when subjects are being treated with the “control” modality. 

 Diagnostic Test Evaluation Study. An epidemiological / medical research design to evaluate the ability of a diagnostic test 

to correctly diagnose those who have the disease as well as to correctly diagnose those who do not have the disease, vis-à-

vis a “gold standard” test. The Diagnostic Test being evaluated can be a laboratory test, or a radiological test or even a 

combination of clinical signs & symptoms. 

 Gold Standard Test. It is the test which as per the current opinion of experts is the perfect test to correctly diagnose a 

disease. Theoretically, a gold standard test should have 100% sensitivity as well as 100% specificity, which may not be 

practically possible; or else sometimes there may such a perfect gold standard test but it may not be available due to 

prohibitive cost or availability, as Coronary angiography for IHD. Hence, in diagnostic test evaluation studies, often a 



“relative gold standard” test is used as a proxy for gold standard, e.g., a combination of TMT and 2-D Echocardiography 

can be used as a relative gold standard instead of coronary angiography. 

 Standard 2 X 2 Table for Analysis of Diagnostic Test Evaluation Studies. It is compulsory in a study for evaluating the 

efficacy of a diagnostic test that all the subjects being studied should be subjected to both, the diagnostic test being 

evaluated as well as the gold standard test. In this scenario, each subject will fall into one of the four permutations and 

combinations, namely (i) the test is positive and the gold standard test is also positive, i.e., the test has called that person 

who really has the disease as positive, i.e., “True Positives” (TP, denoted by cell “a” in the standard 2 X 2 table) (ii) 

subjects who are called positive by the test but are actually not diseased because gold standard test has called them 

negative, i.e., “False Positives” (FP, denoted by cell “b”) (iii) Subjects who are called negative by the test but are actually 

having the disease since the gold standard test called them as positive; these are the “False Negatives” (FN, denoted by cell 

“c”), and (iv) Subjects who are called negative by the test and also actually do not have the disease since the gold standard 

also called them as negative – these are the “True Negatives” (TN, denoted by cell “d”). As regards the marginals on the 

four sides of this 2 X 2 table, all those who are called positive by the test (whether they actually have the disease or not) 

will be TP + FP (or, a + b); similarly all those called negative by the test will be TN + FN (or, c + d); all those called 

positive by the gold standard (irrespective of whether our test under evaluation called them as positive or negative) will be 

TP + FN (a + c) and all those who really do not have the disease, i.e., called negative by gold standard test, will be FP + 

TN (b + d). The total subjects tested will be, naturally, (a+b+c+d). 

 Reliability. It also known as repeatability, replicability, consistency and precision, which is the ability of the test to give 

consistent results when repeated applications are made on the same subject under similar conditions. Reliability is 

adversely affected by variations, which may occur within the same subject (intra-subject variations, e.g., the blood pressure 

of the same person may be different at different times of the day), or due to different observers, or due to variations in 

instruments / techniques used for making the measurements. The key word for ensuring reliability is “Standardisation and 

Consistency”, which is brought about by using standard definitions, standard measurement techniques, standard 

instruments and centralized and standard training of all observers / investigators / data collectors, in making the 

measurements. 

 Validity. It means that the test is correctly measuring the diseased or non-diseased status. There are two major constituents 

of validity, namely, sensitivity, which is the ability of the test to correctly call as diseased, those who really have the 

disease and is equal to TP ÷ (TP + FN) or a ÷ (a + c). The second parameter is “specificity” which is the ability of the test 

to correctly call as non-diseased those who actually do not have the disease, i.e., TN ÷ (FP + TN) or d + (b + d) 

 Accuracy. It is the overall proportion of subjects who are “correctly called positive or negative out of total tested. It is 

calculated as (TP + TN) ÷ (Total subjects tested) or (a + d) ÷ (a + b + c + d). It is actually a combination of the two 

parameters of sensitivity and specificity but it is often not worked out; usually sensitivity and specificity are worked out 

and reported separately. 

15.51. Self-Assessment Test 

1. Give your detailed plan for designing, conduct and analysis of an intervention design on the broad question: 

“Whether a new drug named “Compound X” will be better for treating raised blood pressure among middle aged 

patients of hypertension without any complication of hypertension, as compared to existing available therapy with 

“Amlodipine 5 mg once a day”. 

2. Give an outline of the steps involved in the planning, designing, conduct and analysis of a study for evaluating a 

new diagnostic test for detection of dengue among patients of fever in the first 5 days of illness, keeping ELISA 

Based NS – 1Ag test as the Gold Standard. 

3. Discuss, with suitable examples, the concepts involved in reliability, validity, sensitivity, specificity, predictive 

values and likelihood ratios, in context of diagnostic tests. 

4. Write short notes on: (a) Randomisation (b) Quasi-experimental designs (c) Phases of a clinical trial (d) Blinding 

(e) Informed consent (f) when to use a highly sensitive / highly specific test (g) ROC curve analysis. 
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15.53. Answers to Check Your Progress. 

1. (a). Removes those subjects who are already having either the exposure or the outcome or both. This is the very first step 

which ensures that all the subjects taken for the study are E-O- at the start of the study. 

2. (b). Quasi Experimental design. Before and after studies of this type do not have the process of random allocation and hence 

are quasi experimental designs. 

3. (a). The groups according to which they were originally allocated following randomization. In intention to treat analysis, we 

“analyse as we randomize”. 

4. (c).  Medical management versus surgical management for treatment of disease of heart valves. This is a situation where 

placebo control like making a “sham scar on the chest” may be almost impossible. 

5. (c) Double blinding. 

6. (b). Ruling – out the disease. The results of a highly sensitive test are of value when it is negative result when it helps in 

“ruling out” the disease. 

7. (b). Sensitivity and False Positive Fraction. (Actually, it is between sensitivity and (1 – Specificity) but (1 – Specificity) is 

actually same as False Positive Fraction. 

8. (a). Those who really do not have the disease. Specificity is defined as the ability of the test to correctly call as negative 

those who really do not have the disease, i.e., are negative by Gold Standard test. 

9. (c). PPV. “Positive by test and actually positive by Gold standard”  divided by “total called Positive by the test” is the 

Positive Predictive Value (PPV) of the test.  

10 (e). Accuracy. Accuracy is actually {(Total True Positive + Total True Negative) ÷ (Total Tested)}, i.e., a combination of 

sensitivity and specificity.     

 


