
EPIDEMIOLOGY, BIOSTATISTICS AND MEDICAL RESEARCH METHODOLOGY 

CHAPTER - 19 

PLANNING, DESIGN & CONDUCT OF EPIDEMIOLOGICAL SURVEYS; HEALTH CARE ASPECTS 

OF SCREENING FOR DISEASES  

By Prof Rajvir Bhalwar 

 

Structure. 

19.1. Introduction. 

19.2. Objectives. 

Part – 1 : Planning, Design & Conduct of Epidemiological Surveys. 

19.3. Overview of Epidemiological Surveys 

19.4. What do we mean by “Survey”? 

19.5. Types of epidemiological surveys in public health practice  

19.6. Cross sectional Surveys  

19.7. Longitudinal surveys  

19.8. Steps in Organising and conducting an epidemiological survey 

19.9. Step – 1:- Clearly define the question that is to be answered 

19.10. Step – 2 :- Decide - is it required to do a survey?  

19.11. Step – 3 : Ensure involvement and participation of the community and the administrative machinery and 

obtain the required sanctions  

19.12. Step -4 : Get an idea of the socio-demographic and geographical distribution of the community and the local 

seasons of the area in which the survey is proposed 

19.13. Step – 5 : Assess the resources  

19.14. Step – 6 : Define the survey objectives 

19.15. Step – 7 : Define the variables of study  

19.16. Step – 8 : Develop the survey questionnaire and the interview technique  

19.17. Step – 9 : Describe the reference  and actual (study) populations  

19.18. Step – 10 : Calculate the sample size 

19.19. Step – 11 : Select the method of sampling 

19.20. Step – 12 : Organise the Logistics and become Administratively viable 

19.21. Step – 13 : Organise technically for the survey 

19.22. Step – 14 : Examine the ethical issues and cater to them in your proposed survey 

19.23. Step – 15 : Make an “Action-Plan” showing the time line for various activities  

19.24. Step – 16: Do a Pilot testing 

19.25. Step – 17 : Inform the Community About the Survey 

19.26. Step – 18 : Organize and execute the fieldwork 

19.27. Step – 19 : Analyse the data.  



19.28. Step – 20 : Writing the survey report 

19.29. Quick Revision : Short Questions with Answers 

19.30. Check your progress - 1 

Part-2: Principles of Screening for Diseases in Public Health Care 

19.31. Overview of Public Health Screening for Diseases 

19.32. Requirements  of  tests  used  for  screening   

19.33. Reliability 

19.34. Validity 

19.35. Measures of Validity 

19.36. The problems with sensitivity and specificity 

19.37. Positive predictive value (PPV, PV+, post test probability) 

19.38. Negative Predictive value (NPV, PV) 

19.39. The relationship between predictive value and prevalence of the disease in the population 

19.40. When to use a highly sensitive test 

19.41. When to use a highly specific test 

19.42. Serial (sequential)  and  parallel (simultaneous)  screening  tests   

19.43. Considerations before launching a screening programme  

19.44. Evaluation of  screening  programmes   

19.45. Biases in screening programmes  

19.46. Check  List  while planning a Screening  Programme  

19.47. Quick Revision : Short Questions with Answers 

19.48. Check your progress - 2 

19.49. Summary. 

19.50. Glossary. 

19.51. Self-Assessment Test. 

19.52. Suggested References / Reading Material 

19.53. Answers to Check Your Progress 

19.1. Introduction. 

19.1.1.  One of the major application of epidemiology in healthcare is the conduct of surveys. Surveys may be 

undertaken in the general community to assess the load of diseases and available health resources, or to assess the 

knowledge, attitudes and practices (KAP) of the community members, the ultimate objective of all this being planning 

and evaluation of healthcare for the general community. Similarly, surveys are also very pertinent for the hospitals, to 

assess the patient’s problems and desires / perceptions of the patients, and to monitor patient’s safety and management. 

Thus, as healthcare providers and managers, we need  to be thorough in ”survey methodology”. 

19.1.2. Yet another very important issue from epidemiology, as applied to community healthcare, is “:screening for 

common diseases” with a view to detect the important diseases in their earliest stage and to effectively treat them so 

that they are not allowed to progress to a point when they become irremediable. Screening for diseases when applied 



to general community or even to patients admitted in the hospital works on certain clear cut logic and procedures 

which need to be well understood. 

19.1.3. With the above background, we will undertake detailed discussions, in this unit, about two major topics in 

epidemiology, as related to healthcare management, namely, survey methodology in epidemiology and healthcare, 

and, public health basis of screening for diseases.  

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

 Overview of epidemiological surveys in healthcare, their definition and types, and which type of survey 

would be most optimum for a given epidemiological situation. 

 Planning, designing, conduct, analyse and reporting a survey in your area of health care. 

 The scientific logic behind the process of screening for diseases both at the community level as well as the 

hospital level. 

 Process of organizing a screening programme in your healthcare settings. 

Part – 1: Planning, Designing and Conduct of Epidemiological Surveys 

19.3. Overview of Epidemiological Surveys. At times, information of the required nature may not be available to the 

public health specialist from the various sources of secondary data that have been discussed in detail in an earlier unit.  

In such instances, the public health specialist would need to collect primary data by studying a sample of the 

community members, to generate information about the health status and related aspects, in the population under her 

health care, by means of a survey. However, as said earlier, surveys require money, material and manpower as well 

as time to conduct and analyse them. Hence, surveys should, in general, be undertaken only when we are convinced 

that the requisite information is not available from any other source of data.   

19.4. What do we mean by “Survey”?  A survey can be defined as an epidemiological investigation undertaken to 

examine certain selected  features of a community, with a view to work out the frequency (either incidence or 

prevalence),  of one or more diseases or health related phenomena, and their distribution according to selected person, 

place and time related variables, by obtaining information from a sample drawn from the population of interest. The 

common reasons for undertaking epidemiological surveys in health care practice are:- 

 Provide general socio-demographic and basic health data for planning and organizing the health services or 

to make a community diagnosis. 

 To estimate the frequency (incidence or prevalence) of important diseases, as HIV, malaria, tuberculosis, 

diarrhoeal disease, heart diseases, road accidents, etc. and the important socio-demographic factors according 

to which these diseases are distributed. 

 To assess the availability and locations of health care facilities (infrastructure, manpower, equipment) in 

relation to the distribution of the community, or within a hospital.  

 To assess local beliefs, behaviour patterns, customs and awareness about health / risk factors as well as 

attitudes towards health services. 

 To evaluate the effectiveness of a health program, as immunization program.  

19.5. Types of epidemiological surveys in public health practice :- There are two main methodological types of 

surveys: 



19.6. Cross sectional Surveys :- All subjects are examined only once for the variables of interest, and the results refer 

to a given point of time (though, as clarified earlier in the chapter on incidence and prevalence, the actual survey may 

take a lot of time depending on the number of subjects and the number of variables being studied). A cross sectional 

survey would therefore give “prevalence” of the condition being studied.  These surveys have the advantages that they 

give quick results and are less resource intensive. Most of the public health issues related to planning and evaluation 

of hospital and community health services can be answered by cross-sectional surveys. The disadvantage is that they 

do not measure incidence, and may not accurately answer issues related to cause and effect relationship. They are also 

not appropriate if the disease being examined is either a rare disease or else it lasts for a very short duration because 

in such exigencies, most cases of the disease may not be noticed by a cross-sectional survey. 

19.7. Longitudinal surveys :- The essential feature which differentiates longitudinal survey with a cross sectional 

one is that each subject is examined at least twice, to see the “change” that has occurred as regards the phenomena of 

interest over a period of time. These surveys measure the “incidence” and give a better insight into “cause and effect 

relationship”.  The major disadvantage is the requirement of considerable resources as well the time required to follow 

up, before we can answer an issue.  

19.8. Steps in Organising and conducting an epidemiological survey. The following steps are systematically 

undertaken: 

19.9. Step – 1:- Clearly define the question that is to be answered. At the outset, one needs to be very clear about 

the issue that we are to examine. As said, conducting a community based survey in a valid manner is not an easy task 

and hence one should be very clear as regards the question for which we are thinking to carry out a survey. 

19.10. Step – 2 :- Decide - is it required to do a survey? A survey takes time and plenty of logistic efforts. Therefore, 

after having clearly spelt out the issue to be answered, we should examine whether answer to this issue has already 

been given by some other survey, or can it be obtained by some other secondary data source. Thorough reading, 

discussion with experts and examining all available records / sources of data will be worthwhile at this stage. 

19.11. Step – 3 : Ensure involvement and participation of the community and the administrative machinery 

and obtain the required sanctions :- This is a very important step. Even the most scientifically planned survey would 

be a failure if the community has not been contacted and educated in detail well before the survey and their co-

operation has not been solicited. In particular, communicate with the local peers, leaders, and those who are in a 

position to guide community opinion. Similarly, contact the local government officials and the influential non-

governmental bodies for the requisite administrative sanctions and support. 

19.12. Step -4 : Get an idea of the socio-demographic and geographical distribution of the community and the 

local seasons of the area in which the survey is proposed. Undertake a preliminary appraisal of the area and the 

population proposed to be surveyed. Find out as to where are the major residential and work areas and how are they 

approached geographically. Some of this information would be available in the local government offices but in 

addition, spend time in walking / driving around the area and meeting local people. Study the local climatic and 

seasonal patterns and work out the best times of the year to undertake the survey. 

19.13. Step – 5 : Assess the resources : Based on the broad research question, the type of resources which will be 

required are technical personnel, administrative personnel, diagnostic and other clinical equipment and expendables, 



transport, computers, tents, accommodation, finances, etc. Assess the availability of these resources and make up there 

are any deficiencies.  

19.14. Step – 6 : Define the survey objectives:- The entire planning of the survey will depend on correct definition 

of survey objectives. An example could be “What is the prevalence of anaemia among the community served by my 

CHC”? This clearly stated research question gives an idea that the reference population for this survey would be all 

community members of all ages and sexes in the CHC area and that the major variable of study will be haemoglobin 

estimation. 

19.15. Step – 7 : Define the variables of study . In a survey, having specified the research question and objectives 

of the survey, we would list out all the variables on which measurements would be made. Specify the variable which 

is of maximum interest. This is known as “primary outcome variable” or “major endpoint”. The primary outcome 

variable is important since issues like sample size calculation and subsequent analysis hinge around this primary 

variable. One should be sure to study all the variables in the proposed survey. Remember that each additional variable 

costs money and effort for it’s measurement; at the same time if we do not include any particular variable and realize 

later on that we actually required that data, nothing can be done at that later stage. Hence, survey objectives and 

variables of study must be discussed with experts before finalizing.  

19.16. Step – 8 : Develop the survey questionnaire and the interview technique :-   Remember that 

“questionnaires’ which are greatly used in surveys are also a type of instrument and recording of data, using this 

questionnaire (usually an interview), also requires a scientific technique by itself. Even issues like measurement of 

“age”, though seemingly trivial, may become pretty difficult; for instance in an illiterate population, subjects may not 

be able to tell their date of birth but rather relate it to some natural calamity that had occurred in the past. Hence, give 

utmost attention to developing the questionnaires and on the interview techniques.  

19.17. Step – 9 : Describe the reference  and actual (study) populations :- As discussed in detail in an earlier 

chapter, reference population (also called as universe or target population) is the large collection of humanity to which 

the findings of the survey will be generalized. On the other hand, actual study population is that subset of the reference 

population from where the actual study sample is drawn. For example, while doing a survey on prevalence of anaemia, 

the reference population could be defined as “all the people living in rural areas of the state”, while the actual study 

population could be hypothetically defined as “all people living in the Community Development Block No.45”. It is 

important to explicitly write down the reference and the study populations for the survey. 

19.18. Step – 10 : Calculate the sample size. Studying an adequate sample size is important to ensure precision. 

Sample size is calculated by specialized statistical methods (as have already been described in an earlier unit on 

“sample size calculations” for estimating a population proportion or population mean.  

19.19. Step – 11 : Select the method of sampling. The sample should be so selected that every person in the study 

population should have an equal chance of being selected (random sampling technique). The details of probability 

sample selection are given in in an earlier unit on sampling methods. In community based surveys, usually a multi-

stage sampling or cluster sampling method is used. 

19.20. Step – 12 : Organise the Logistics and Become Administratively Viable.  Men, money and material are 

important for surveys. Write down the fine details of your requirements of technical personnel, (as Doctors, Nurses, 



data collectors, interviewers, entomological workers, laboratory assistants, etc.), Administrative personnel (as clerks, 

computer operators, drivers, ancillary workers, etc.), Logistic material (as vehicles, petrol, tentages, stationery), and, 

Finances (money for purchasing technical and logistic material, salaries, incidentals, etc.). 

19.21. Step – 13 : Organise technically for the survey. Get your instruments, equipment, disposables and reagents 

and print your questionnaires. Standardise your equipment against standard equipment. Train your field workers 

centrally. Finally, if possible, develop a detailed “operations manual” which spells out in detail as regards each aspect 

of how sample will be drawn, how various measurements will be made, how quality control procedures will be 

established, etc. 

19.22. Step – 14 : Examine the ethical issues and cater to them in your proposed survey.  

 In community based epidemiological surveys the major concerns from ethical point of view pertain to firstly, 

protection of confidentiality as regards the information which has been given by the individual subjects and, secondly, 

obtaining informed consent from individual subjects for participating in the survey, after they have been informed in 

detail about the survey. 

 Thirdly, an important issue is the moral (if not truly legal) need of providing some health care along with the 

survey. A good old dictum is “no survey without service”. For instance while doing a survey for anaemia, it would be 

quite desirable that Iron and Folic Acid tablets (and possibly anti-helminthics) be given to those who have been found 

to be having anaemia or ancylostomiasis; at least some sort of referral to a health care facility may be organised for 

those who have been found to be having the disease being surveyed. 

19.23. Step – 15 : Make an “Action-Plan” showing the time line for various activities :-  Make a  chart and note 

down your various activities which you will undertake sequentially, and the time-table, according to which you will 

start and finish each activity. 

19.24. Step – 16: Do a Pilot testing. The importance of pilot testing needs no emphasis. It is an essential part of any 

survey, wherein all methods and techniques, including interview technique, clinical measurements, laboratory and 

other diagnostic procedures are conducted on a small sample of subjects and problems encountered are noted. If any 

defects are noted, the same should be rectified by way of re-training of workers or required improvements in the 

equipment. Number of subjects in the pilot study are about 5% of the total sample size calculated to be studied finally. 

19.25. Step – 17 : Inform the Community About the Survey. Success of a survey is quite dependent on how well 

all members of the community to be surveyed have been informed about the scope, time and place of the survey. 

Utilize all local resources as community meetings, prayer meetings, local radio broadcasts, school teachers, postman, 

and even person to person communications, for achieving this end.   

19.26. Step – 18 : Organize and execute the fieldwork. Actual fieldwork in a survey may be by home (or work 

place) visit method, wherein subjects selected by the sampling procedures are visited at their residence or workplace 

/ school. The second is the “survey centre” method in which a centrally located building as community centre or school 

is utilized and all the selected subjects come to this place.  

 When using the household (or, workplace) visit method, be judicious in calculating the number of households 

that can be interviewed by a worker. For an interview and clinical examination which may take about 45 minutes for 

one household, an interviewer can collect data on maximum 7 to 8 households in a day, because he / she will need 



time to walk from one house to other, establish rapport with the subject, and also have meals / some rest. Male 

investigators must be accompanied by female attendants or a local female social worker if female subjects are to be 

interviewed. Invasive / traumatic procedures (as blood sample collection) should be kept towards the end. 

 If using the survey centre approach, a “line of flow” should be made. 5 to 7 “stations” should be made. For 

instance, station 1 could be utilized for recording the general information about the subject, station 2 for oral 

questionnaire, station – 3 for anthropometry and other clinical measurements, station -4 for non invasive diagnostic 

procedures as ultrasound or ECG, station – 5 for invasive procedures  as drawing blood sample, station – 6 for 

dispensing required medications if any, and station – 7 for final checking of the completeness of the form and for 

providing basic health education. The sequence of headings in the data collection form should conform to the sequence 

of various work stations as per line of flow.  

19.27. Step – 19 : Analyse the data.  

 Analysis of data in a survey should be very simple and meaningful. Remember that the main users of analysed 

results would be the non-medical administrators and the community themselves, hence the analysis should be kept 

very simple, interesting, and meaningful, while at the same time not omitting any detail. The simplest and best is to 

make 2 X 2 tables, bar charts, line diagrams and spot maps. Give proper headings and legends to the tables and figures 

and always indicate the percentages in the tables. In general, the following parameters are analysed in a survey and 

findings are presented accordingly :- 

 A map of the area, showing major landmarks, streets, residential and work areas and the area under survey. 

 Socio-demographic profile showing numbers & percentages, in respect of major variables as age structure, sex, 

occupation, education, place of residence, place of work. 

 The variable of principal interest according to total numbers and percentage (or mean and SD if it was a qualitative 

variable). 

 Other variables depicted as numbers and percentages or mean & SD. 

 Maps showing the percentage of the major variables according to various places, and line diagram showing the 

same at different points of time. 

19.28. Step – 20 : Writing the survey report. While the epidemiologist would have put her entire heart and soul into 

the planning, organizing, conduct and analysis of the survey, it is the report which is actually read by all and hence 

great care should be exercised while writing the report. One should also remember that there are 4 different categories 

of people who will be interested in your report, and the language, contents and illustrations contained in the report 

should commensurate with the target audience. These 4 categories of people are :- 

 The standard medical journals where the report may be sent as a research article and the medical fraternity 

who would be reading that article. 

 The local health care providers 

 The local administrators and political leaders 

 The general members of the community 

19.29. Quick Revision : Short Questions with Answers 

Q.  What do you understand by the term “survey? 



A.   A survey can be defined as an epidemiological investigation undertaken to examine certain selected  features of 

a community, with a view to work out the frequency (either incidence or prevalence),  of one or more diseases or 

health related phenomena, and their distribution according to selected person, place and time related variables, by 

obtaining information from a sample drawn from the population of interest. 

Q.  What are the purposes for which surveys are undertaken? 

A.  Surveys are generally undertaken with one or more of the following purposes :- firstly, to provide general socio-

demographic and basic health data for planning and organizing the health services or to make a community diagnosis; 

secondly, to estimate the frequency of important diseases, and the important socio-demographic factors according to 

which these diseases are distributed; thirdly, to assess the availability and locations of health care facilities 

(infrastructure, manpower, equipment) in relation to the distribution of the community; fourthly, to assess local beliefs, 

behaviour patterns, customs and awareness about health / risk factors as well as attitudes towards health services; and, 

fifthly, to evaluate the effectiveness of a health program. 

Q.  What are the various types of surveys? 

A.  Surveys can be either cross-sectional in which the data is collected at a given point of time and “prevalence” is 

calculated; or they can be longitudinal surveys in which the survey sample is followed up for a given period of time 

and “incidence” is calculated. Another method of classifying surveys is that they can be “community (population) 

based” when they are undertaken in a general community or the can be “hospital based” when undertaken on 

hospitalized or OPD patients or based on hospital records.  

Q.  What major factors should be considered before we launch a survey? 

A.  Before we even start the planning of a survey, we should first of all clearly spell out the broad question and the 

objectives for which we are proposing to do a survey. Having decided this, we should then consider whether the 

information which we want can be obtained from already existing sources of secondary data, by reading the 

available literature and published reports and also by discussion by experts in the concerned fields. Thirdly, we 

should discuss with the various technical and administrative officials as well as community members regarding the 

feasibility of doing a survey.   

Q.  What are the important ethical issues you would keep in mind while organizing a survey? 

A.  Firstly, we should maintain the confidentiality of participants. Secondly, we should inform them clearly of the 

scope of the survey and they should be allowed to participate only after they have understood the details and 

voluntarily consent to participate. Thirdly, in any survey, as far as possible, we should also provide some element of 

health care including simple diagnosis, treatment or referral, as per the saying “no survey without service”. 

Q.  Who all will be interested in reading the findings and recommendations of your survey? 

A.  There will be diverse type of persons who will be interested in our survey reports and hence we should write the 

report in a manner that it is interesting and well understandable by these target audiences. These various target 

audiences are, firstly, the standard medical journals where the report may be sent as a research article and the medical 

fraternity who would be reading that article. Secondly, it will be also read by the local health care providers; thirdly, 

by the local government administrators and political leaders; and, finally, also by the general members of the 

community particularly social groups and NGOs. 



19.30. Check your progress - 1 

1. Among  the following, which type of survey provides an exact estimate of Incidence (a) Hospital – based 

survey (b) Hybrid Survey (c) Cross- sectional survey (d) Longitudinal survey (e) school survey. 

2. The data which we obtain by doing a survey is a “secondary data” : Yes/ No    

3.     Arrange the following steps in Organization and conduct of an epidemiological survey, in the sequential & ideal 

order : (a) : Analyse the data (b) Clearly define the question that is to be answered (c) Define the variables of study 

(d) Make an “Action-Plan” showing the time line for various activities (e) calculate the sample size. 

 4.  Which of the following are generally not undertaken in analysis of a community based survey :            (a) 

stratified analysis for control of confounding  (b)  Line diagram showing seasonal variations in important diseases  

(c) percentage wise distribution according to age  (d)  spot map showing main residential and work areas (e) 

percentage of persons found affected by the disease of interest.  

5. In estimation of number of subjects for doing a pilot survey,  if the final sample size to be studied is 200, 

the number of subjects to be studied in the pilot study will be  (a) 10 to 20 (b) 30 (c) 5 to 10 (d) 50 (e) 200 

6. The large collection of humanity to which the findings of the survey will be generalized is called (a) Study 

population (b) Sample population (c) Universe (d) Common population (e) cluster population. 

7. All of the following are important ethical issues that need to be addressed in a proposed survey, except (a) 

Provision of cash benefit (b) Provision of health care benefit  (c) Confidentiality (d) Informed consent (e) Informing 

subjects about the purpose of the survey.  

8. An “Action-Plan”  is being prepared in the conduct of an epidemiological survey, showing the time line for 

various activities, which will be : (i) Decision on survey objectives (ii) Pilot testing (iii) Data analysis (iv) Preparing 

of questionnaires (v) Training of workers. Which sequence gives the correct sequential order: (a) i – iv – v – ii – iii  

(b) iii – ii – v – iv – i  (c)  v – i – iii – iv – ii  (d) i – ii – iii – iv – v (e) i - v- iii – iv -ii 

9.         While organizing & executing the field work in conduct of a epidemiological survey, in which method is   a 

“ line of flow” (i.e creation of different stations for different activities ) needed to be made  (a) home visit method 

(b) work place method (c) survey centre method (d) all the above (e) none of the above. 

10. The primary target audience towards whom the findings of a survey are to be commensurate with, and towards 

whom the report language is to be directed at, would include all of the following groups of people, except: (a) local 

administrators (b) local political leaders (c) local health care providers (d) urban elite (e) local community leaders. 

 

Part – 2: Epidemiologic  And Public Health Basis  Of  Screening For  Diseases 

19.31. Overview of Public Health Screening for Diseases. One  of  the  priority  duties,  not  only  of  a  public  

health  physician  but  for  all  medical  personnel  is  to  ensure  an  early  diagnosis  and  treatment  , through 

“screening for diseases”. 

Definition  - Screening  has  been  defined  by  the commission  on  chronic  illnesses  as  “the  presumptive  

identification  of  unrecognized  defect  or  disease  by  the  application  of  tests,  examinations  or  procedures  which  

can  be  applied  rapidly,  to  sort  out  apparently  well  persons  who  probably  have  a  disease,  from  those  who  

probably  do  not.   



A  screening  test  is  not  intended  to  be  diagnostic.  Persons  with  positive  or  

suspicious  findings  must  be  referred  to  the  physicians  for  final diagnosis  

and  necessary  treatment”.  

The various objectives for which screening is undertaken are shown in Box-19.1. 

19.32. Requirements  of  tests  used  for  screening  :  Screening for important 

diseases is undertaken in the community, using a screening  test. A good 

screening test should have the following qualities :-  

Reliable (Precise):-  Details are given a little later. 

Valid   :-  It should be “accurate”, i.e,  should  measure correctly what it intends 

to. Details are discussed later. 

Yield  :-  It  should  give  enough  number  of  cases  to  commensurate  with  

the  expenditure  and  inputs  involved. Yield  will  depend  on Sensitivity  of  

the  test, and prevalence  of  the  disease (If  screening  is  applied  to  a  high  

risk  group,  the  yield  will  be  better). 

Practical  :-  the  test  should  be  easily  administered  by  even  persons  with  

ordinary  training.  It should  be  innocuous,  acceptable  and  should  give  fairly  

quick  results. 

We will have a detailed discussion on these aspects in the following paragraphs. 

19.33. Reliability: - The ability of any diagnostic test to give consistent results 

on repeated applications is reliability. It would be affected by variations which 

can occur due to observers, subjects, instruments or techniques, as per details 

already discussed in an earlier unit on measurement errors. The methods for 

improving reliability have also been mentioned in the same chapter.  

19.34. Validity: - For understanding validity, let consider the following 2x2 table (table – 19.1): -  

Table – 19.1 

Result of Diagnostic 

Test  

Result of Gold Standard Test 

Positive Negative Total 

Positive True positives (TP) (a) False Positives (FP) 

(b) 

a+b=total +ve by test 

Negative False Negatives (FN) (c) True Negatives (TN) 

(d) 

c+d=total –ve by test 

Total Total +ve by gold standard 

a+c 

total –ve by  gold 

standard  

b+d 

a+b+c+d=n=total 

Subjects studied 

  

             Total truly diseased       Total truly not diseased 

Box 19.1.  : Objectives  of  

Screening 

Screening  in  community  health  

care  is  undertaken  with  the  

following  broad  objectives  :- 

 To  ensure  early  detection  of  a  

disease  among  individuals,  so  

that  prompt  treatment  may  be  

instituted;  eg,  screening  for  

cervical  cancer,  breast  cancer,  

hypertension  etc.  This  is  also  

called  prescriptive  screening.   

 To  protect  the  community  from  

disease  that  the  person  being  

screened  has, also called 

“prospective screening”;  eg,  

screening  the  blood  units  for  

HIV,  

 For  entry  into  certain  forms  of  

occupations  (armed  services,  

industries,  etc)  with  a  view  to  

“weed  out”  those  who  are  unfit,  

or  whose  existing  health  status  

may  be  adversely  affected  by  

occupational  conditions. 

 



Let us say we studied a total of ‘n’ subjects; each 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 but 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. 

 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. We took 1,00,000 subjects and subjected each and every one of them to both, 

the ELISA as well as the PCR tests. The hypothetical results are presented in the following 2x2 table (Table-19.2): - 

Table – 19.2. Hypothetical example of testing of 100000 subjects for HIV  

ELISA Gold Standard Test (PCR) 

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 

(actually 

+ve for HIV) 

b+d 

99000 

(actually 

-ve for HIV) 

a+b+c+d = n 

1,00,000 

 

19.35. Measures of Validity: - Validity is primarily measured in terms of sensitivity, specificity and predictive values. 

 

a) 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 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%.    

 

b) 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%. 

 

19.36. The problems 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. Eg. 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. Our interest is to know if one of our patients has tested positive on ELISA, what are his chances of really 

having HIV infection? Or, if he has tested negative, what are the chances that he really does not have the infection? 

These questions clearly can not be answered by sensitivity and specificity but by a different set of parameters – the 

predictive values. 

19.37. 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 + b  

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 !   

19.38. 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 =        

 

19.39. The relationship between predictive value and prevalence of the disease in the population: - 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. As a general rule, higher the prevalence of the disease in the population in which the test is being 

applied, higher will be he positive predictive value. It therefore follows that it is best to apply a screening test in a 

population which has high prevalence of the disease, because the positive predictive value will be high, and hence we 

True negatives 
= 

TN 
or 

d 

Total –ve on test FN+TN c+ d  



will get a high yield. For example, let us say that the sensitivity and specificity of ELISA in diagnosing HIV infection 

is 99% and 90% respectively. Now, let us say, we applied the test in a population with very low prevalence of the 

disease (HIV positivity), eg., healthy blood donors (in which the prevalence is known to be about 1%). Now, in this 

situation the PPV of a single test will be only 9.1% (you can do the calculations yourself). 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%. Now, in this situation, the PPV will be 91% (you can 

again work it out yourself). 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, i.e., more than 90%. 

19.40. 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 identify 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). 

 If follows, therefore, that a highly sensitive test is of value, clinically, when it is “negative”, and in this 

situation, 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. 

19.41. 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 

(Positivity in Disease). 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”. 

 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’). 

 There is a different situation wherein the results of a screening test are measured on a continuous scale.  For  

example,  if  tonometry  is  being  used  as  a  screening  test  for  glaucoma,  the  results  (18,  18.5,  22,  26.8  mm  

etc)  would  be  measured  on  a  continuous  scale.  Now,  possibly  most  of  the  eyes  with  intra  ocular  pressure  

up to  22  may  be,  in  fact,  non – glaucomatous  while  most  of  the  eyes  with  intra  ocular  pressure  more  than  

26  mm  will  be,  in  fact,  really  glaucomatous.  The  main  problem  will  be  the  eyes having  ocular  pressure  



between  22  and  26mm  Hg,  ie.,  the  area  of  overlap  between  glaucomatous  and  non  glaucomatous  eyes.  If  

we  keep  the  cut – off  point  low,  say  at  22  mm  Hg,  we  will  correctly  identify nearly  all  the  glaucomatous  

eyes  (high  TP)  but  will  also  identify  a  number  of  normal  eyes  as  glaucomatous  (large  numbers of false 

Positives (FP).  On  the  other  hand  if  we  keep  the  cut  off  at  26  mm  Hg,  we  would  correctly  identify  nearly  

all the  normal  eyes  (high  TN)  but  would  miss  out  a  large  number  of  glaucomatous  eyes who have mild rise 

of pressure (large  numbers of False Negatives (FN).  In   the  former  instance,  when  we  have  a  low  cut  off  point  

(i.e,  less  stringent  criteria)  we  have,  thus,  higher  sensitivity  but  lower  specificity. On  the  other  hand,  in  the  

latter  instance,  when  we  have  a  higher  cut-off  point  (i.e,  more  strict  criteria)  we  get  a  higher  specificity  at  

the  cost  of  a  lower  sensitivity.  In  practice  the  public  health  decision regarding  the  level  of  cut  off  is  done  

based  on  the potential  for treatment following early detection,  the  actual availability  of  treatment  and the  “labeling  

effect of having a disease”, if any.  

19.42. Serial (sequential)  and  parallel (simultaneous)  screening  tests  :-  Two  screening  tests  can  be  applied  

in  serial  (sequentially) one  after  the  other, by taking people who test positive on the first test for the second test .  

In  fact  the  same  test  (eg,  ELISA  for  HIV)  can  also be  done  two  times  in  serial.  This procedure  will  greatly  

increase  the  specificity and positive  predictive  value, but lead to decline in net sensitivity. Similarly  two  tests  can  

applied  in  parallel  (simultaneously) and  the  person  can  be  considered  as  +ve  if any  one  or both of  the  tests 

are  +ve  which leads to an increase in net sensitivity but a decline in net specificity. 

19.43. Considerations before launching a screening programme :- (After Wilson 

& Jugner). Screening in public health settings should only be launched after carefully 

considering various aspects, as summarized in box-2. Detection  of  cancer  of  uterine  

cervix  using  “pap  test”  is  a  procedure  which  meets  all  these  10  criteria.  The  

test  is  based  on  the    assumptions that, firstly, a  high  proportion  of  cancer  cervix  

detected  in  situ  would  progress  to  invasive  cancer  over  time; secondly, most  

cancers  remain  in  situ  long  enough  for  screening  at  reasonable  intervals  to  

detect  a  high  proportion  of  cancer  cases; and, thirdly, carcinoma  in  situ  is  highly  

curable.   

Other  diseases  which  are  amenable  to screening  include  breast  cancer,  

Hypertension,  Anemia  during  pregnancy,  Diabetes  Mellitus,  growth   screening  in  

children,  CHD  screening  in  high  risk  groups,  phenylketonuria  among  new  born  

etc. 

19.44. Evaluation of  screening  programmes  :- Contemporary medical evidence 

strongly recommends that  the  effectiveness  and  impact  of  screening  programmes  

must  be  evaluated  by  randomised  controlled  trials  (RCTs) by comparing the  

outcome  measures between  the  screened  and  unscreened 

 groups. 

19.45. Biases in screening programmes  

Box- 19.2. : Considerations for 

undertaking a screening programme  

 The  condition  should  be  an  important  

health  problem.      

 There  should  be  an  acceptable  and  

effective  treatment.  

 Facilities  for  confirming the diagnosis  

and  for treatment  should  be  available. 

 There  should  be  recognizable  latent / 

early  symptomatic  stage. 

 There  should  be  a  suitable  screening test  

or  examination  available. 

 The  test  should  be  acceptable  . 

 The  natural  history  of  the  condition,  

including  development  from latent  to  

apparent  disease,  should  be  adequately  

understood. 

 There  should  be  an  agreed  policy  

regarding  whom  to  treat  as  patients. 

 The  cost  of  case  finding  (including  final 

diagnosis  and  treatment)  should  be  

economically  balanced  vis-a-vis  the 

expenditure  on  medical  care  as  a  whole. 

 Case  finding  should  be  a  continuing  

process  and  not  “once  and  for  all”  

project. 



 Lead  time  bias  :-   Lead  time  is  defined  as  the  interval  between  the  point  a  condition  is  

detected  through  screening  and  the  time  it  would  normally  have  been  detected  due  to  appearance  and  reporting  

of  signs  and  symptoms.  If  early  detection   has  no  effect  on  the  course  of  disease  then  it  will  be  like  giving  

the  patient  a  few  more  years   of  sickness  and  apprehension  rather than  health!  (eg,  HIV detection). In  such  

cases,  it  is  possible  that  screening,  through  earlier  detection, will  advance  the  time  of  diagnosis  without  

delaying  time  of  death,  thereby  increasing  the  “diagnosis – to – death - time” and tend to show  “increased  survival”  

among  the  screened  group  as  compared  to  the  group   not  given  screening  test, though  in  reality  there  would  

be  no  increase  in  survival. 

 Length  bias  :-   It  has  been  observed  that  cases  detected  through  periodic,  early  detection programs,  

tend  to  have  longer  preclinical  stages  then  those  missed  out  by  screening  but  self  detected  between  

examinations.  This  preclinical  stage  is  defined  as  the  interval  between  the  time  a  screening  test  is  capable  of  

detecting  disease  and  the  time  the  patient  seeks  care  as  a  result  of  experiencing  symptom  detected  patients.  

Thus,  the  length  bias  tends  to  spuriously show  a  better  survival  among  screen  detected  cases. 

 Self  selection  bias  :-  If  the  groups which are offered (and the other which is not offered the screening) are not 

constituted by random allocation but rather  on  the basis of self  selection  (volunteers)  it  is  possible  that  such  

volunteers  may  be  more  health  conscious,  educated  and  more  likely  to  give  up  associated  risk  factors;  

hence  survival  in  such  a  screened  group  is  likely  to  be  better,  not  due  to  screening  but  because  of  

associated  factors. 

19.46. Check  List  while planning a Screening  Programme :-  The  Public Health Officer in charge of 

Community health care  should  check  the  following  list  sequentially,  while  launching  a screening  programme. 

 Do  a  “situational  analysis”  :-  Undertake  a  quick  collection  of  information,  by  going  through  

existing  records  of  health  institutions  and  other  governmental/non governmental  agencies,  or  else,  collect  

information  by a quick survey,  in  respect  of  the  community  to  be  screened about  the Demographic profile, 

prevalence  of  important  diseases  with  special  reference  to  the  diseases  proposed to  be  screened, and, the 

expected  load  of  population  likely  to  come  up  for  screening,  in  respect  of  the  community  to  be  screened.   

 Undertake a “Resource  analysis”  :-   Make an assessment of the available  medical  and  paramedical  

personnel,  buildings,  vehicles,  equipment  (for  screening  and  final  diagnosis),  etc.  and work out as to what  

additional  resources  in  terms  of  men,  money  and  material  will   be  required  to  smoothly  undertake  the  

screening  test, as well as the  final  diagnostic  test  for  those  who  are  positive  on  screening. Also assess 

whether adequate treatment facilities are available? 

 Decide  whether  it  is  worthwhile  and feasible  to  screen  for  the  disease  (s)  in  question :-  These considerations 

are very important before launching a screening programme. The important questions that you must ask yourself 

at this stage are :-  

 Is  the  disease  proposed  to  be  screened  an  important  health  problem? 

 What  are  the  high  risk  groups  for  the  disease & its  prevalence  in  these  groups? 

 Is  a  suitable screening  test  available, and  can  be  administered  to  the  subjects  at  a  place  near  their   

home  (say  within  5  kilometers)?  



 Will  the  screening  test  be  acceptable  to  the  clientele?  

 Have  the  “diagnostic  characteristics” (sensitivity,  specificity  etc)  of  the  screening  test  been  worked  

out  authentically?  

 Is  a  confirmatory  test  available?  Will  you  be  able  to  administer  it  to  all  those  who  are  positive  on  

screening  test?  

  Are  you  sure  that  there is  a  proper,  proved  modality  of  treatment  for  the  disease  you  are  going  to  

screen?  

  Will those  finally  diagnosed  be  able  to  “afford” this  treatment?  Or,  will  you  be  able  to  provide  

treatment  out  of  governmental   funds? 

 Identify  the  high  risk  groups  :-  As  we  know,  the  prevalence  will  be  high  in  high  risk  groups  and  hence  

the  PPV  and  yield  will  be high;  eg,  for  screening  for  cervical  cancer,  “women  >  35  years  from  lower  

socioeconomic  status”  may  be  identified  as  the  high  risk  groups. 

 Collect  your  logistics  together  :-  Remember,  not  to  start  a  screening  programme,  in  anticipation  of  the  

resources – you  may  cut  a  sorry  figure  and  cause  adverse  publicity.  First  get  all  your  required personnel,  

equipment,  reagents,  and  other  logistics  ready.    

 “Standardize”  your  personnel,  instruments  and techniques  :- The  only  method  of  ensuring  a  high  

repeatability  of  screening  test  is  to  centrally  train  your  observers/  technicians,  pretest  and  certify  them,  

standardize  your  equipment  and  reagents,  and  establish  quality  control  procedures.  

 Ensure  community  participation  :-   Remember,  a  good  epidemiologist  never  takes  her  community  for  

granted.  Your  finest   screening  camp  may  not  draw  even  a  few  subjects,  simply  because  community  

participation  had  not  been  ensured.  Contact  the  community  leaders,  peer  groups  and  other  members  of  

the community  who  may  matter,  right  in  the  planning  stage itself.  Explain  to  them  the  importance  of  the  

disease  to  be  screened,  and  the  usefulness  of  screening  and  early  treatment.  Emphasise  on  them  that  you  

need  their  active  participation.  Take  their  opinion  as  regards  how  they  would  like  to  get  the  camp 

organized. 

 Give  proper  publicity  :-   Make  sure  that  at  least  2  to  3  rounds  of  wide  publicity  have  been  

undertaken,  with  an  additional  round  of  publicity  for  the  high  risk  groups.  Ensure  that  those  living  in  

the  remote,  cut–off  areas  are  covered  well  with  your  publicity – they  are  usually  the  ones  who  will  

benefit  most  by  your  screening  programmes  but  are  generally  missed  out  by  publicity  campaigns.       

 Conduct  the  screening  programme  :-   Do  not  leave  things to  chance.  Be  there  yourself  at  the  site,  or  at  

least  ensure  that  one  of  your  senior  subordinates  is  there  to  address  the  “unforeseen”  problems.  

 Evaluate  the  screening  programme  :-  Set  up  your  “criteria  of  evaluation”  well  in  advance.  Write  down  

your  evaluation  report  at  an  early  date  while  things  are  still fresh  in  the  mind – this  will  serve  as  a  good  

reference  document  for  subsequent  screening  programmes. 

19.47. Quick Revision : Short Questions with Answers 

Q.  Define “Screening for Diseases” 



A.  Screening  has  been  defined  by  the commission  on  chronic  illnesses  as  “the  presumptive  identification  of  

unrecognized  defect  or  disease  by  the  application  of  tests,  examinations  or  procedures  which  can  be  applied  

rapidly,  to  sort  out  apparently  well  persons  who  probably  have  a  disease,  from  those  who  probably  do  not. 

Q.   After whom are the criteria for screening named and how many criteria are there? 

A.  The criteria for bringing a disease under screening are named after “Wilson & Jugner” and which have been duly 

accepted by the WHO. There are 10 criteria which have been enunciated. 

Q.  Narrate any five of the 10 criteria which you feel are most important. 

A.  The following five are the most important :- (i) The  condition  should  be  an  important  health  problem  (ii) 

Facilities  for  confirming the diagnosis  and  for effective treatment  should  be  available  (iii)  There  should  be  

recognizable  latent / early  symptomatic  stage. (iv) There  should  be  a  suitable  screening test  or  examination  

available, and, (v) The  natural  history  of  the  condition,  including  development  from latent  to  apparent  disease,  

should  be  adequately  understood. 

Q.  What are the important requirements of a screening test? 

A.  The important requirements of a screening test are that it should be reliable (i.e., repeatable), valid (accurate), 

should have high yield, and should be practical and acceptable. 

Q.  What do you mean by reliability and how can it be compromised? 

A.  The ability of a test to give consistent results on repeated applications is reliability. It would be affected by 

variations which can occur due to observers, subjects, instruments or techniques. 

Q. How will you define validity of a test and what are the various parameters by which it is measured? 

A.  By validity, i.e., accuracy, of a test we mean the ability of a test to correctly measure what it really intends to 

measure. Validity is measured in terms of sensitivity, specificity and Predictive values. 

Q.  What do you understand by sensitivity and specificity? 

A.  Sensitivity of a test is defined as its ability to correctly identify as positive, those who really have the disease, and 

is measured as (true positives) / (true positives + false negatives). On the other hand, specificity is the ability of a test 

to correctly identify as negative those who really do not have the disease and is measured as (true negatives) / (true 

negatives + false positives). 

Q.  When all will you use a highly sensitive test and when a highly specific test? 

A.   A highly sensitive test is of value, clinically, when it is “negative”, and in this situation, it helps in “ruling out” 

the disease; therefore, that a highly sensitive test would be ideal as an initial screening test. On the other hand, a 

highly specific test is of value when it is positive; and a positive result from a highly specific test “rules in” the 

diagnosis. Therefore, a highly specific test is best used as a “confirmatory test”. 

Q.  What is the essential difference between sensitivity and positive predictive value. 

A.  Sensitivity tells us as what will be the probability that this particular test will call as positive, a person who 

actually has the disease. On the other hand, PPV tells us that once a test has been applied on a person and the result 

has come positive, the probability that this person really has the disease. 

Q.  How is PPV calculated and what is it’s peculiarity? 



A.  PPV is calculated as (true positives) / (true positives + false positives). It’s peculiarity is that it is strongly related 

to the prevalence of the disease in the population in which the test is being applied. Higher the prevalence, higher 

the PPV. 

Q.  What is the practical implication of this relationship? 

A.  The practical implication is that if we apply the test in a population with higher prevalence, we will get greater 

PPV, i.e., the proportion of true positives out of total who have tested positive will be higher. On the other hand, in a 

low prevalence population the PPV will be low; in other words, out of the total people who have tested positive, a 

large number will be actually false positives and will be found negative on subsequent confirmatory test; thus we 

will be wasting a lot of efforts. Thus it is best to apply a screening test in a “high risk” population (as CSWs for HIV 

testing, or women > 35 years age from poor economic status for cervical cancer), because the prevalence of disease 

will be high in this population. 

Q.  In a test whose results are recorded as a continuous variable, as intra-ocular pressure, what is the relationship 

between sensitivity, specificity and the cut-off level? 

A.  In such a situation, if we raise the cut-off level, the specificity increases but sensitivity decreases. If we lower the 

cut-off level, the sensitivity increases but specificity decreases. 

Q.  Name the biases that can occur in screening for diseases? What is lead time bias? 

A.   The common biases that may occur in screening programmes are lead time bias, length bias and self selection 

bias. Lead  time  is  defined  as  the  interval  between  the  point  a  condition  is  detected  through  screening  and  

the  time  it  would  normally  have  been  detected  due  to  appearance  and  reporting  of  signs  and  symptoms.  If  

early  detection   has  no  effect  on  the  course  of  disease  then  it  will  be  like  giving  the  patient  a  few  more  

years   of  sickness  and  apprehension  rather than  health, and without any real increase in survival and this would 

form a part of lead time bias. 

19.48. Check your progress - 2 

11. A cervical cancer screening programme was conducted in a rural area using pap smear procedure, in the year 2000. 

Out of the women who participated, Mrs ‘A’ was diagnosed to be having cervical cancer; however she could not be 

offered surgery because no gynaecologist was available. She died of cervical cancer in 2005. Out of the women who 

did not participate, Mrs ‘B’ developed symptoms of cervical cancer and was diagnosed in 2002. She also died in 2005. 

This occurrence represents :- (a) Successful increase in years lived by Mrs ‘A’ (b) Length time bias (c) Lead time bias 

(d) self selection bias (e) Lack of reliability of Pap smear as a screening test. 

12. In a screening program for colonic cancer, the test used is stool test for occult blood among middle aged persons. 

The camp was undertaken in a semi-urban area with an estimated  prevalence of colonic cancer of 1% in this age 

group. If the test has a sensitivity of 70% and specificity of 80%, what would be the PPV? 

13. In above question, if the test was negative, no other test was done. However, if the test was positive, one more test 

was given and persons who tested positive on the second test also were sent for confirmatory colonoscopy. If this 

procedure was applied, what would have happened :- (a) Net sensitivity and net specificity are both increased (b) net 

sensitivity is decreased but net specificity is increased (c) net sensitivity remains the same and net specificity is 

increased (d) net sensitivity is increased and net specificity is decreased (e) None of the above.     



14. If a screening test is used in series twice, which parameter will increase? :- (a) sensitivity  (b) positive predictive 

value (c) False positive fraction (d) none of the above (e) All of the above. 

15. What is  the numerator in calculating the sensitivity of a test? : (a) true positive (b) true  negative (c)  false positive 

 (d)  false negative (e) Total subjects tested. 

16. What is the numerator for calculating the specificity of a test? : (a) true positive (b) true  negative (c)false 

positive  (d)  false negative (e) Total subjects tested. 

17. For ruling in of the disease which test is preferred? (a) highly sensitive test   ( b) low specific test  (c)  highly 

specific test (d)  low specificity test (e) none of the above 

18. For ruling out of the disease which test is preferred? (a) highly sensitive test    (b) low sensitive test  (c)  

highly specific test    (d) low specificity test (e) none of the above. 

19. Which of the following is a fixed parameter of screening test? (a) sensitivity ( b)  negative predictive value  

(c)  positive predictive value (d)  all of the above (e) none of the above 

20.   Predictive value of screening test depends on :- (a) prevalence  (b)  sensitivity (c)  health worker  (d)  Reliability 

(e) Acceptability of the test. 

21.  The  optimum  prevalence  to  get  a  very  high  PPV  is :- (a)  30-60% ( b) 5-30% (c)  60-90% (d) 10% (e) 

100%. 

22      The following consideration is NOT required to be taken while doing a screening programme (a)  the disease 

should be a public health problem;  (b) the disease should be vaccine preventable; ( c) there  should  be  an  acceptable  

and  effective  treatment; (d) facilities  for  confirming the diagnosis  and  for treatment  should  be  available (e) 

natural history of the disease being screened should be known. 

19.49. Summary. 

19.49.1. At times, information of the required nature may not be available to the public health specialist from the 

various sources of secondary data that have been discussed in detail in an earlier unit.  In such instances, the public 

health specialist would need to collect primary data by studying a sample of the community members, to generate 

information about the health status and related aspects, in the population under her health care, by means of a 

survey. 

19.49.2.  A survey can be defined as an epidemiological investigation undertaken to examine certain selected  

features of a community, with a view to work out the frequency (either incidence or prevalence),  of one or more 

diseases or health related phenomena, and their distribution according to selected person, place and time related 

variables, by obtaining information from a sample drawn from the population of interest. The common reasons for 

undertaking epidemiological surveys in health care practice are:- 

 Provide general socio-demographic and basic health data for planning and organizing the health services or 

to make a community diagnosis. 

 To estimate the frequency (incidence or prevalence) of important diseases, as HIV, malaria, tuberculosis, 

diarrhoeal disease, heart diseases, road accidents, etc. and the important socio-demographic factors according 

to which these diseases are distributed. 



 To assess the availability and locations of health care facilities (infrastructure, manpower, equipment) in 

relation to the distribution of the community.  

 To assess local beliefs, behaviour patterns, customs and awareness about health / risk factors as well as 

attitudes towards health services. 

 To evaluate the effectiveness of a health program, as immunization program.  

19.49.3. For conducting a survey, there are a series of well defined steps which need to be undertaken sequentially, 

as follows: (i) Step – 1:- Clearly define the question that is to be answered (ii) Step – 2 :- Decide - is it really 

required to do a survey, or we can take a decision based on already available evidence? (iii) Step – 3 : Ensure 

involvement and participation of the community and the administrative officers and obtain the required sanctions 

(iv) Step -4 : Get an idea of the socio-demographic and geographical distribution of the community and the local 

seasons of the area in which the survey is proposed (v) Step – 5 : Assess the resources (vi) Step – 6 : Define the 

survey objectives (vii) Step – 7 : Define the variables of study (viii) Step – 8 : Develop the survey questionnaire and 

the interview technique (ix) Step – 9 : Describe the reference  and actual (study) populations (x) Step – 10 : 

Calculate the sample size (xi) Step – 11 : Select the method of sampling (xii) Step – 12 : Organise the logistics and 

become administratively viable (xiii) Step – 13 : Organise technically for the survey (xiv) Step – 14 : Examine the 

ethical issues and cater to them in your proposed survey (xv) Step – 15 : Make an “Action-Plan” showing the time 

line for various activities (xvi) Step – 16: Do a Pilot testing (xvii) Step – 17 : Inform the Community About the 

Survey (xviii) Step – 18 : Organize and execute the fieldwork (xix) Step – 19 : Analyse the data : Analysis of data in 

a survey should be very simple and meaningful. Remember that the main users of analysed results would be the non-

medical administrators and the community themselves, hence the analysis should be kept very simple, interesting, 

and meaningful, while at the same time not omitting any detail. The simplest and best is to make 2 X 2 tables, bar 

charts, line diagrams and spot maps. Give proper headings and legends to the tables and figures and always indicate 

the percentages in the tables. (xx) Step – 20 : Writing the survey report. 

19.49.4. The next broad issue which we deliberated upon in this unit was that of “Screening for Diseases”. One  of  

the  priority  duties,  not  only  of  a  public  health  physician  but  for  all  medical  personnel  is  to  ensure  an  early  

diagnosis  and  treatment  , through “screening for diseases”. Screening  has  been  defined  by  the commission  on  

chronic  illnesses  as  “the  presumptive  identification  of  unrecognized  defect  or  disease  by  the  application  of  

tests,  examinations  or  procedures  which  can  be  applied  rapidly,  to  sort  out  apparently  well  persons  who  

probably  have  a  disease,  from  those  who  probably  do  not.   

19.49.5. Screening for important diseases is undertaken in the community, using a screening  test. A good screening 

test should have the following qualities :- (i) Valid   :-  It should be “accurate”, i.e,  should  measure correctly what 

it is required to measure, (in other words, it should correctly identify as positive those who have the disease and 

correctly identify as negative those who do not have the disease). (ii) Yield  :-  It  should  give  enough  number  of  

cases  to  commensurate  with  the  expenditure  and  inputs  involved. Yield  will  depend  on Sensitivity  of  the  

test, and prevalence  of  the  disease (If  screening  is  applied  to  a  high  risk  group,  the  yield  will  be  better). 

(iii) Practical  :-  the  test  should  be  easily  administered  by  even  persons  with  ordinary  training,  should  be  

innocuous,  acceptable  and  should  give  fairly  quick  results. (iv) Reliability: - The ability of any diagnostic test to 



give consistent results on repeated applications is reliability. It would be affected by variations which can occur due 

to observers, subjects, instruments or techniques, as per details already discussed in an earlier unit on measurement 

errors 

19.49.6. Validity is primarily measured in terms of sensitivity, specificity and predictive values 

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

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

(b) 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  

(c) 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 + b  

(d) Negative Predictive value (NPV, PV): - This is the probability that a person who has tested negative really 

does not have the disease.  

 

 

 

19.49.7. Screening tests can be Serial (sequential)  or  parallel (simultaneous)  screening  tests.  Two  screening  tests  

can  be  applied  in  serial  (sequentially) one  after  the  other, by taking people who test positive on the first test for 

the second test .  In  fact  the  same  test  (eg,  ELISA  for  HIV)  can  also be  done  two  times  in  serial.  This 

procedure  will  greatly  increase  the  specificity and positive  predictive  value, but lead to decline in net sensitivity. 

Similarly  two  tests  can  applied  in  parallel  (simultaneously) and  the  person  can  be  considered  as  +ve  if any  

one  or both of  the  tests are  +ve  which leads to an increase in net sensitivity but a decline in net specificity. 

19.49.8. Considerations before launching a screening programme :- (After Wilson & Jugner). Screening in public 

health settings should only be launched after carefully considering various aspects, as summarized in box-19.2.,  in 

the main text. Detection  of  cancer  of  uterine  cervix  using  “pap  test”  is  a  procedure  which  meets  all  these  10  

criteria.  The  test  is  based  on  the    assumptions that, firstly, a  high  proportion  of  cancer  cervix  detected  in  situ  

would  progress  to  invasive  cancer  over  time; secondly, most  cancers  remain  in  situ  long  enough  for  screening  

at  reasonable  intervals  to  detect  a  high  proportion  of  cancer  cases; and, thirdly, carcinoma  in  situ  is  highly  

curable. Other  diseases  which  are  amenable  to screening  include  breast  cancer,  Hypertension,  Anemia  during  

pregnancy,  Diabetes  Mellitus,  growth   screening  in  children,  CHD  screening  in  high  risk  groups,  

phenylketonuria  among  new  born  etc. 

True negatives 
= 

TN 
or 

d 

Total –ve on test FN+TN c+ d  



19.49.8. While planning a screening program for the general community or within the hospital, we need to work 

with a sequential checklist as follows: (i) Do  a  “situational  analysis”  (ii) Undertake a “Resource  analysis” (iii) 

Decide  whether  it  is  worthwhile  and feasible  to  screen  for  the  disease(s)  in  question - these considerations 

are very important before launching a screening programme. The important questions that we must ask ourselves at 

this stage are :-  

a. Is  the  disease  proposed  to  be  screened  an  important  health  problem? 

b. What  are  the  high  risk  groups  for  the  disease & its  prevalence  in  these  groups? 

c. Is  a  suitable screening  test  available, and  can  be  administered  to  the  subjects  at  a  place  near  

their   home  (say  within  5  kilometers)?  

d. Will  the  screening  test  be  acceptable  to  the  clientele?  

e. Have  the  “diagnostic  characteristics” (sensitivity,  specificity  etc)  of  the  screening  test  been  worked  

out  authentically?  

f. Is  a  confirmatory  test  available?  Will  you  be  able  to  administer  it  to  all  those  who  are  positive  

on  screening  test?  

g. Are  you  sure  that  there is  a  proper,  proven  modality  of  treatment  for  the  disease  you  are  going  

to  screen?  

h. Will those  finally  diagnosed  be  able  to  “afford” this  treatment?  Or,  will  you  be  able  to  provide  

treatment  out  of  governmental   funds? 

19.49.9. After undertaking the steps outlined above in para (iii) (a to h), the subsequent steps to be undertaken are as 

follows: (iv) Identify  the  high  risk  groups  (v) Collect  your  logistics  together (vi) “Standardize”  your  

personnel,  instruments  and techniques (vii) Ensure  community  participation (viii) Give  proper  publicity (ix) 

Conduct  the  screening  programme (x) Evaluate  the  screening  programme.   

19.50. Glossary. 

 Survey: A survey can be defined as an epidemiological investigation undertaken to examine certain selected  

features of a community, with a view to work out the frequency (either incidence or prevalence),  of one or more 

diseases or health related phenomena, and their distribution according to selected person, place and time related 

variables, by obtaining information from a sample drawn from the population of interest.  

 Cross sectional Surveys :- A survey in which all subjects are examined only once for the variables of interest, and 

the results refer to a given point of time (though, as clarified earlier in the chapter on incidence and prevalence, the 

actual survey may take a lot of time depending on the number of subjects and the number of variables being 

studied). A cross sectional survey would therefore give “prevalence” of the condition being studied.  These surveys 

have the advantages that they give quick results and are less resource intensive. Most of the public health issues 

related to planning and evaluation of hospital and health services can be answered by cross-sectional surveys. The 

disadvantage is that they do not measure incidence, and may not accurately answer issues related to cause and 

effect relationship. They are also not appropriate if the disease being examined is either a rare disease or else it 

lasts for a very short duration because in such exigencies, most cases of the disease may not be noticed by a cross-

sectional survey. 



 Longitudinal surveys :- The essential feature which differentiates longitudinal survey with a cross sectional one 

is that each subject is followed forward for a defined period of time, and during this defined period of follow up 

each subject is examined at least twice, to see the “change” that has occurred as regards the phenomena of interest 

over the period of time. These surveys measure the “incidence” and give a better insight into “cause and effect 

relationship”.  The major disadvantage is the requirement of considerable resources as well the time required to 

follow up, before we can answer an issue.  

 Variables of study . In a survey, having specified the research question and objectives of the survey, we would 

list out all the variables on which measurements would be made. Specify the variable which is of maximum interest. 

This is known as “primary outcome variable” or “major endpoint”. The primary outcome variable is important 

since issues like sample size calculation and subsequent analysis hinges around this primary variable. One should 

be sure to study all the variables in the proposed survey. But each additional variable costs money and effort for 

it’s measurement; at the same time if we do not include any particular variable and realize later on that we actually 

required that data, nothing can be done at that later stage. Hence, survey objectives and variables of study must be 

decided with great diligence, after thorough reading as well as discussed with experts before finalizing.  

 Reference  and actual (study) populations :- Reference population (also called as universe or target population) 

is the large collection of humanity to which the findings of the survey will be generalized. On the other hand, actual 

study population is that subset of the reference population from where the actual study sample is drawn. For 

example, while doing a survey on prevalence of anaemia, the reference population could be defined as “all the 

people living in rural areas of the state”, while the actual study population could be hypothetically defined as “all 

people living in the Community Development Block No.45”. It is important to explicitly write down the reference 

and the study populations for the survey. 

 “Action-Plan” showing the time line for various activities :-  Action plan is a chart on which we note down 

your various activities which we will undertake sequentially, and the time-table, according to which we will start 

and finish each activity. 

 Pilot testing. It is an essential part of any survey, wherein all methods and techniques, including interview 

technique, clinical measurements, laboratory and other diagnostic procedures are conducted on a small sample of 

subjects and problems encountered are noted. If any defects are noted, the same should be rectified by way of re-

training of workers or required improvements in the equipment. Number of subjects in the pilot study are about 5 

to 10% of the total sample size calculated to be studied finally. 

 Screening  has  been  defined  by  the commission  on  chronic  illnesses  as  “the  presumptive  identification  of  

unrecognized  defect  or  disease  by  the  application  of  tests,  examinations  or  procedures  which  can  be  

applied  rapidly,  to  sort  out  apparently  well  persons  who  probably  have  a  disease,  from  those  who  

probably  do  not.  A  screening  test  is  not  intended  to  be  diagnostic.  Persons  with  positive  or  suspicious  

findings  must  be  referred  to  the  physicians  for  diagnosis  and  necessary  treatment”.  

 Lead  time  bias  :-   Lead  time  is  defined  as  the  interval  between  the  point  a  condition  is  detected  through  

screening  and  the  time  it  would  normally  have  been  detected  due  to  appearance  and  reporting  of  signs  

and  symptoms.  If  early  detection   has  no  effect  on  the  course  of  disease  then  it  will  be  like  giving  the  



patient  a  few  more  years   of  sickness  and  apprehension  rather than  health!  (eg,  HIV detection). In  such  

cases,  it  is  possible  that  screening,  through  earlier  detection, will  advance  the  time  of  diagnosis  without  

delaying  time  of  death,  thereby  increasing  the  “diagnosis – to – death - time” and tend to show  “increased  

survival”  among  the  screened  group  as  compared  to  the  group   not  given  screening  test, though  in  reality  

there  would  be  no  increase  in  survival. 

 Length  bias  :-   It  has  been  observed  that  cases  detected  through  periodic,  early  detection programs,  

tend  to  have  longer  preclinical  stages  then  those  missed  out  by  screening  but  self  detected  between  

examinations.  This  preclinical  stage  is  defined  as  the  interval  between  the  time  a  screening  test  is  capable  

of  detecting  disease  and  the  time  the  patient  seeks  care  as  a  result  of  experiencing  symptom  detected  

patients.  Thus,  the  length  bias  tends  to  spuriously show  a  better  survival  among  screen  detected  cases. 

 Self  selection  bias  :-  If  the  group which is offered (and the other which is not offered the screening) are not 

constituted by random allocation but rather  on  the basis of self  selection  (volunteers)  it  is  possible  that  such  

volunteers  may  be  more  health  conscious,  educated  and  more  likely  to  give  up  associated  risk  factors;  

hence  survival  in  such  a  screened  group  is  likely  to  be  better,  not  due  to  screening  but  because  of  

associated  factors. 

 Wilson & Jugner’s & WHO criteria for bringing a disease under screening. The following (or most of them should be 

fulfilled, before we start thinking of launching a screening program for that disease: (i) The  condition  should  be  an  important  

health  problem. (ii) There  should  be  an  acceptable  and  effective  treatment. (iii) Facilities  for  confirming the diagnosis  and  

for treatment  should  be  available. (iv) There  should  be  recognizable  latent / early  symptomatic  stage (v) There  should  be  

a  suitable  screening test  or  examination  available. (vi) The  test  should  be  acceptable  (vii) The  natural  history  of  the  

condition,  including  development  from latent  to  apparent  disease,  should  be  adequately  understood. (vii) There  should  

be  an  agreed  policy  regarding  whom  to  treat  as  patients. (ix) The  cost  of  case  finding  (including  final diagnosis  and  

treatment)  should  be  economically  balanced  vis-a-vis  the expenditure  on  medical  care  as  a  whole. (x) Case  finding  

should  be  a  continuing  process  and  not  “once  and  for  all”  project. 

 Prescriptive screening: To  ensure  early  detection  of  a  disease  among  individuals,  so  that  prompt  treatment  

may  be  instituted;  e.g.,  screening  for  cervical  cancer,  breast  cancer,  hypertension  etc.     

 Prospective screening: To  protect  the  community  from  disease  that  the  person  being  screened  has;  eg,  

screening  the  blood  units  for  HIV,  

 Employment Screening: For  entry  into  certain  forms  of  occupations  (armed  services,  industries,  etc.)  with  

a  view  to  “weed  out”  those  who  are  unfit,  or  whose  existing  health  status  may  be  adversely  affected  by  

occupational  conditions. 

 Validity   :-  It means that the test should be “accurate”, i.e.,  should  measure correctly what it intends to. It is 

measured through sensitivity, specificity and predictive values (positive and negative).  

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

 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). 

 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. 



 Negative Predictive value (NPV, PV): - This is the probability that a person who has tested negative really does 

not have the disease.  

 Yield  :-  It  means that the screening should  give  enough  number  of  cases  to  commensurate  with  the  

expenditure  and  inputs  involved. Yield  will  depend  on Sensitivity  of  the  test, and prevalence  of  the  disease 

(If  screening  is  applied  to  a  high  risk  group,  the  yield  will  be  better). 

 Practical  :-  the screening  test  should  be  easily  administered  by  even  persons  with  ordinary  training,  should  

be  innocuous,  acceptable  and  should  give  fairly  quick  results. 

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

would be affected by variations which can occur due to observers, subjects, instruments or techniques, as per 

details already discussed in the chapter on measurement errors. The methods for improving reliability have also 

been mentioned in the same chapter 

 Serial (sequential)  and  parallel (simultaneous)  screening  tests  :-  Two  screening  tests  can  be  applied  in  

serial  (sequentially) one  after  the  other, by taking only those people who test positive on the first test for the 

second test .  In  fact  the  same  test  (eg,  ELISA  for  HIV)  can  also be  done  two  times  in  serial.  This 

procedure  will  greatly  increase  the  specificity and positive  predictive  value, but lead to decline in net 

sensitivity. Similarly  two  tests  can  applied  in  parallel  (simultaneously) and  the  person  can  be  considered  

as  +ve  if any  one  or both of  the  tests are  +ve  which leads to an increase in net sensitivity but a decline in net 

specificity. 

19.51. Self-Assessment Test. 

Q.1.  Give a draft plan for planning, conducting and evaluating a cervical cancer screening programme in a CHC area 

covering a rural population of approximately 1 lac. 

Q.2. Enumerate the steps involved in a cross-sectional survey on an important disease in your community OR on an 

important patient related problem occurring in your hospital. 

Q.3. Write Short Notes On :-  (a) Biases in screening  (b) Requirements of a screening test (c) Criteria for undertaking 

screening for diseases in a population (d) Longitudinal versus cross sectional surveys (e) Methods of presenting data 

from a survey. 

19.52. Suggested References / Reading Material. 
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19.53. Answers to Check Your Progress. 

1. d;   2. No;   3. b-c-e-d-a;   4. a;   5.a;    6.c;   7. a;   8. a;   9.c;   10. d.; 11 (c);  12.  3.5% approx;  13. (b);  14-b,  15-

a,  16-b,  17-c,   18-a,  19-a,  20a,   21-a,   22-b. 


