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10.1. Introduction. The most important component of any epidemiological and medical research activity is to ensure 

the correctness of measurements – because what we measure would translate into the results that we will get. This is 

the same situation as indicated by a famous acronym called “GIGO” – garbage in, garbage out. We should realize that 

the most outstanding statistical analysis will be rendered useless, if someone can prove that the very process of 

“measurements” in our research work was faulty; hence the overriding importance of this Unit.  

 The term “Measurement” can be defined as:  “A process, crucial to the correct conduct of any epidemiological or 

medical research work, in which we assess the “value” of a variable of interest and record it in “quantifiable” terms, 

either on a qualitative or on a quantitative scale. A correct measurement process should correctly identify the variable 

being measured, the statistical scale on which the value will be recorded, clear specification of an accurate and standard 

technique of measurement, description of the correct instrument to measure it and identification of the correctly trained 

person for making the measurement”. Broadly, there are 3 major components of the measurement process, namely, (i) 

the basic measurement process which includes validity and reliability of measurements (ii) Bias, which is a systematic 

error, and comes up due to differential methods of treating the two (or more) groups being compared, while selecting 

these two (or more) groups, or while making measurements on them, and (iii) confounding in which the association 

which has been shown to occur between two variables is explained away (i.e., thrown into a “confusion”) by a third 

variable. 

 In this unit, we will, accordingly, divide the deliberations into 3 parts. First part will deal with the basic 

measurement process, second part with bias (systematic error), while the third part will deal with confounding and 

effect modification. 

10. 2. Objectives. After reading this unit you should be able to clearly understand: 

10.2.1. The importance of making accurate measurements in epidemiology and medical research. 

10.2.2. Methods of making measurements in epidemiology and medical research. 

10.2.3. Validity (accuracy) of measurements. 

10.2.4. Reliability (repeatability, precision) of measurements and methods of statistically assessing reliability. 

10.2.5. Steps for ensuring correctness of basic measurements. 

10.2.6. Bias (systematic error) and its types (selection and information bias and their sub-types). 

10.2.7. Random and Non-random misclassification. 

10.2.8. Steps in prevention of bias. 

10.2.9. Confounding – its definition and meaning, and ways in which it can occur in epidemiology / research. 

10.2.10. Methods of control of confounding during planning and analysis stage. 

10.2.11. Effect modification and its assessment.  

Part – 1: Measurement Process, Validity & Reliability. 



10.3. What is meant by “Measurements” and “Instruments”? The very basis of any scientific activity, be it medical 

research, clinical practice or any other discipline is to make measurements. There are two basic points which we must 

understand at this juncture :-  

a) At every step in our clinical practice – whether asking the history of a symptom, looking for a clinical sign or 

reviewing the investigations, we are in fact making ‘measurements’. When we ask our patient regarding “history 

of smoking”, we have made a ‘measurement’, treating the variable ‘smoking’ on a dichotomous scale of 

measurement (smoker / non-smoker). Of course, most of the times we are not conscious of the fact that we are 

making ‘measurements’. We usually tend to refer to the process of making measurement when the process is 

explicit, eg, measuring the enlargement of liver in mid-clavicular line, in centimeters. 

b) We often tend to refer to instruments as only the ‘physical instruments’ (as sphygmo-manometers, ECG machine, 

reagents and so on). However, in the process of medical research any implement we use to make a ‘measurement’ 

is referred to as an instrument. Thus, the questionnaire used to record the history of certain exposures like tobacco 

use and knowledge regarding a disease, is also an ‘instrument’. 

10.4. What all variables should be measured?  Before proceeding to make any measurements, we must decide as 

to what all variables we would be measuring, and the ‘scales’ on which we would measure them (continuous, ordinal, 

dichotomous etc.). In general we should list out the following categories of variables related to our research objects :- 

a) The exposure variable (s) 

b) The outcome variable (s) 

c) The potential confounding variables and probable effect modifiers. 

For example, in a study proceeding with the research objective of studying the association between tobacco use and 

oral cancer, the variables of study would be : 

Exposure variable :- Tobacco use 

Outcome variable :- Oral cancer 

Potential Confounding Variables and possible effect modifying variables :- Age, Sex, alcohol use, oral hygiene, dental 

malformations and genetic background. 

10.5. Specifications to be made when starting a measurement process. Now, measurements of the variables listed 

in the above 3 categories should be :-  

a) Adequately specific. For example., if our exposure variable of interest is ‘tobacco smoking’, we must obtain 

‘in depth’ information about various aspects of tobacco smoking like type (cigarette, beedi, cigar, pipe etc.); 

filtered / non filtered; size of cigarette / beedi; frequency, duration and amount of tobacco smoked, etc. 

b) Adequately sensitive. For example if the exposure variable is “tobacco”, we must obtain ‘in-width’ 

information about various types of tobacco use as chewing in betel, other forms of chewing, pan masala, 

smoking, snuff etc (and not only confine of smoking). 

c) Clear decision about what information is to be recorded. As a general guideline, for each of the exposure, 

outcome, confounding and effect modifying variables of interest, the following information should be 

collected.  



(i) When did it first begin (e.g., the age when tobacco use first started or the age when the earliest 

symptoms of oral cancer were first noticed). 

(ii) When did it finally end (if at all) 

(iii) How was it distributed during the intervening period, i.e.,   

 - Whether it existed / occurred in a periodic form (off & on) or was continuous throughout  

 - Severity during each period 

 - Total duration / duration of each period (if periodic)  

10.6. The methods of making ‘measurements’ in research. While the methods used for making measurements in 

epidemiologic research may be extremely varied, it is possible to classify them into 5 broad groups as follows :-  

1. Verbal or written replies given by the subjects, including clinical history taking. 

2. Direct observation by investigators. 

3. Reference to various types of records. 

4. Direct measurements made on subjects (including clinical exam and pathology samples). 

5. Direct measurements made on environment. 

10.6.1. Verbal or written replies given by the subjects .  The commonest and the most important method of 

obtaining data regarding exposure and confounding \ effect modifying variables is by this method. This method 

basically uses a ‘questionnaire’ or a “case-sheet” in which the information given by the subject is filled up by the 

subject himself or by the investigator; accordingly this method can be used in two broad forms :  

a) When the information is filled up by the investigator :- This includes the face-to-face (personal) interview 

technique and the telephonic interview method. The face-to-face interview method is very common as well as 

important method in medical research; it is covered in an exclusively separate Unit, later on, alongwith the 

various aspects of developing “Questionnaires”. The telephonic interview technique has been much studied in 

the developed countries. However, at present, its scope for usage in medical (especially public health) and 

epidemiologic research in developing countries is limited. In recent times, it is being used for getting 

information from discharged patients regarding their experience in the hospital. 

b) When the information is filled up by the subject :-  This is what is known as the “self’ administered questionnaire 

technique”. The commonest method is to send the questionnaire to the selected subjects by post (mailed 

questionnaire). Mailed questionnaire has a slight advantage when it comes to replies on sensitive issues like 

sexual activity, apparently because the respondent is not embarrassed by the presence of interviewer. However, 

the absence of interviewer itself can be a disadvantage too, in that there is nobody to explain or guide the 

respondents. The drop out rate in mailed questionnaire is also likely to be high. The mailed questionnaire 

technique does hold promise but needs to be tried out and further evaluated in developing countries. 

10.6.2. Direct Observations by Investigators :- The method is often of value in assessing the behavioral patterns, 

eg., the investigator may observe the hand washing practices of food handlers or laboratory personnel, rather than 

interviewing them. Direct observation as method of collecting information has its advantages and disadvantages :-  

Advantages :-  

- More objective than interview. 



- Not prone to errors of memory / recall on the part of the subjects. 

- Can be used to obtain information about “low impact behaviors” (behavior that is not likely to lead to 

any important consequence, as “how many glasses of water do you drink in a day”, as such behaviors 

may not be generally remembered by the subjects).  

- Allows for substantial amounts of details. 

Disadvantages :-  

- The subject may become aware of being observed and thus change his behavior; for this reason, one 

should observe in a clandestine manner. 

- Can be applied to get information about present behavior only and not of past behavior. 

- Can be applied to get information about ‘frequent’ behaviors only. 

- Likely to suffer from error due to inadequate sampling of time periods, or biased sampling of time 

periods (eg, for hand washing by food handlers, if we observe only for the period when they are actually 

cooking the meals, we would record very low frequency of hand washing); hence the time of observation 

should be proper and also of adequate duration.  

- Cannot be used for highly personalized behavior patterns as sexual activities. 

- Requires high level of training f observers, hence may be expensive at times. 

10.6.3. Collection of information by reference to records :- Records are compilations which have not been 

specifically compiled for subsequent measurement of exposure, or confounding variables. Usually, the following types 

of records are used to obtain information in medical research, and epidemiology :-  

a) Clinical and other health related records of subjects :- This includes hospital case sheets, prescriptions and 

investigation records available with subjects; and health records of individual employees maintained by industries.  

b) Administrative records :- Such records may be used for individual subjects, e.g. disciplinary records, or records of 

various occupational or climatic conditions where the subject has lived that may be available with the employer. Such 

records may also be used to get an overall idea about an entire community, eg., sales of alcohol in a city and correlating 

the same with occurrence of road accidents in the same city. 

c) Environmental records :- Records maintained by environmental officers regarding levels of air or water pollutants, 

or by meteorological departments regarding rainfall, barometric pressure etc., and by industries regarding level of 

various suspected physical / chemical agents can be used to measure the levels of suspected exposure and confounding 

variables. 

d) Personal, non health related records :- At times such records may be gainfully utilised for making measurements. 

They can be of 2 broad types :-  

(i) Not maintained by the subjects :- For example., the wine credit chits signed by the subjects in pubs 

/ bars of the clubs may be used to measure the alcohol intake. 

(ii) Maintained by the subjects :- For example, the daily diaries written by the subjects in the past may 

be used to get information regarding diet, physical exercise, minor illnesses and other life style 

factors.  Diaries maintained by subjects may be used for another purpose also – “validation”. 

Suppose we want to develop a questionnaire regarding frequency of food items usually consumed 



by the subjects. Now, we would like to be sure that the responses given by our subjects in the food 

frequency questionnaire (FFQ) are really correct; in other words we would like to ‘validate’ the 

FFQ. What we can do is to ask a selected sample of subjects to maintain a diary and record each and 

every item consumed by them over a period of 15 days and hand over the diaries to us. Subsequently 

after about 3 months we would give them the FFQ, which we desire to validate and ask them to 

mention the details of items that they consumed 3 months back. Thereafter, the replies on the FFQ 

are compared with the records in the diaries, and correlation is worked out statistically. 

10.6.4. Direct measurements on Subjects : - This source of making measurements and obtaining information is very 

commonly used. This includes the following :-  

a) Clinical examination of the subjects. 

b) Biological samples obtained from the subjects for investigations as blood, serum, biopsy material etc. 

c) Special investigative procedures other than biological samples, as ECG, Radiological investigations, etc. 

One point worth mentioning is that if a medical researcher feels that his work involves cooperation with another 

medical speciality he should either co-opt a specialist of that speciality in his work; or, at least, get trained himself in 

undertaking that particular clinical or investigative procedure. This is for the reason that quality control becomes very 

important when such procedures are being used. Ideally, quality control involves a systematic scrutiny in consultation 

with specialists in clinical and laboratory methods for performing procedures, collection / storage / analysis of 

specimen and interpretation of results. The operations manual should contain entire details of these procedures and 

the sample collectors should be, in turn, trained in these aspects. If clinical data is being collected by younger Doctors, 

they should be specifically trained in the particular clinical procedures, under the principal worker. 

10.6.5. Measurements made on the Environment :- Environmental measures are increasing in interest with the 

development of ‘environmental epidemiology’. These measures of environmental agents include physical, chemical 

and biological components or contaminants of :-  

- The general environment (air, water, soil etc.) 

- The local environment (home, workplace etc). 

- The personal environment (food, drinks, clothes, drugs etc) 

To select the particular variables to be measured (e.g., nitrates, nitrites, Arsenic, coliforms, spore formers and so on 

in water), the investigator should initially make a complete ‘inventory’ of the entire possible chemical / physical / 

biological agents that can be present in that particular area’s environment, say, in air, water or food etc. Thereafter, 

one has to decide as to what all variables out of the inventory should be measured depending on the study objectives. 

As regards methods of sampling the environment, two broad strategies can be adopted : 

a) Measurements at fixed points (static sampling) :- Samples drawn from within the general environment and inferring 

individual exposure from the concentration of contaminants measured in these parts of environment covered by each 

sample. 

b) Measurement of the immediate and continually changing environment of individual subjects :- By some form of 

personal sampling as dosimeter worn by radiology department personnel, or direct drawing of samples from the food 

served on plates to the subjects.  



It is always advisable that the researcher proceeding to make environmental measurements discusses the methods (of 

collecting and dispatching the samples, establishing the control levels etc) with experts in the field of environmental 

epidemiology.  

10.7. The “Correctness” of measurements :- Apparently, the most important thing in any research work is to ensure 

“correctness” of measures; this would involve two facets.  

10.7.1. Validity (Accuracy). This means that the measurements which we are making and recording should 

correctly measure what we really intend to measure. For example, if we desire to measure ‘anemia’, then visual 

examination of nails and eyes (palpebral conjunctiva) may not be very ‘valid’ process, while measurement of 

Hb% would definitely be. This aspect is called as ‘validity’ (syn. “accuracy”). Any systematic departure, in the 

process of making measurements, wherein we start measuring something different from what we actually intend 

to measure leads to a loss of validity. The detailed discussion on these aspects is presented subsequently in this 

Unit. At times we may not be able to use the most accurate method of measurement. In such cases, we would 

have to ‘validate’ our actual method of measurement with some standard (commonly called the ‘gold’ standard) 

method, and see how much the two methods agree with each other.  

10.7.2. Reliability. This means that in addition to the measurement mechanism being valid, it should also give 

consistent results when repeated application are made. This is called “reliability” (Syn. Repeatability, 

consistency, replicability, precision).  

A measurement process may be reliable but may not be valid.  E.g., if the HCl for measuring Hb has been inadvertently 

diluted to N/20 instead of the correct dilution of N/10, the  results will give consistent results when repeated 

measurements are made (i.e., reliable) but will not be `valid’, being deviated by a factor  of  2 from  the reality.  

10.8. Elaboration on Reliability :-   As we have said, reliability in an important issue to be ensured during 

any research.  Reliability would be compromised in the following situations :- 

(a)  Due to observer :- This can occur  due to “between observer variations”  (2 different data collectors can produce 

different results from a medical interview or even BP measurement on the sam subject) or may be due to “within 

observer variations”  (same interviewer can get different values of BP on 2 different occasions using the same 

sphygmomanometer and patient). 

(b)  Due to subjects  :-  Again this may be due to “within the subject variations”  (circadian-rhythm, mood fluctuations) 

or “between the subjects variations”  (biological variations - no two human beings are alike). For example, blood 

pressure measured for the same subject by the same nurse using the same instrument may show different values 

on two different occasions. 

(c)  Due to instruments and techniques  :-  Different BP instruments or different techniques (recumbent or sitting 

position) will produce different BP values.  

Reliability can again be of two forms :-  

i) Test – retest reliability : It means consistency of measurement results when the same method of 

measurement is used by the same observer on the same subjects at two different occasions. (Naturally, the 

two tests should be fairly well separated from each other in time). Standardisation of instruments and of 

techniques of making measurements will improve the “test-retest” reliability.  



ii) Inter – Observer reliability: The consistency of measurement results made on the same subjects by two 

different observers. Good training of the workers and a well written protocol regarding the correct method of 

making measurement will obviously improve the inter observer reliability. 

10.9. Statistical Assessment of Reliability. The methods of statistically assessing reliability are as follows :-  

1) For variables measured on a continuous scale 

 In test – retest reliability, we undertake a one way analysis of variance (ANOVA) (ANOVA is 

described in a subsequent Unit) and then finally calculate the intra – class correlation (“R”) by 

the equation : 

 

R = 

MS (between) – MS (within) 

MS (between) + (K – 1) X MS (within) 

  Where “K” is the number of times measures have been made, and MS is “Mean Squares” which is 

calculated as a part of ANOVA calculations. 

    

 For Inter – observer reliability, we do a two way analysis of variance (Two way ANOVA), and 

subsequently calculate the reliablility coefficient (R) as  

    

 

R = 

S2 (Subjects) 

S2 (Subjects) + S2 (Observers) + S2 (error) 

Wherein S2 (error) = MS (error ), as Obtained from ANOVA 

    

 

S2 (Subjects) = 

MS (Subjects) - S2 (error)  

No. of Observations 

 

 

S2 (Observers) = 

MS Observers - MS (error)  

No. of Subjects in One sample 

  The value of ‘R’ can range from 0 to 1. The nearer it is to 1, more reliable the method is  

  likely to be. 

2) For variables measured on a categorical (dichotomous) scale. For example we may be desirous of undertaking 

a study on pulmonary TB, with AFB on sputum smear microscopy as the method of measurement. Let us say 

we are using Laboratory technicians to examine the sputum slides after training given to them by 

microbiologist. For doing an Inter observer reliability the assessment (between the microbiologist and Lab 

technician), we took 320 stained slides and each slide was examined by both of them. The results are as 

follows: -  

Microbiologist’s Diagnosis 

 Lab 

 Technician’s  Positive   Negative  Total 



 Positive   21 (a)   (b) 11   (p1) 32 

 Negative  37 (c)   (d) 251   (q1) 288 

 Total   58 (p2)   (q2) 262   (n) 320 

 

(a, b, c, d, p1, p2, q1, q2, and n are used for notation) 

Now, the observed agreement (O) 

 

 

 = 

Where both agree at Yes  +  where both agree at No 

Total Subjects  

    = (a + d)/ n  

 

= (21 +  251) / 320 = 0.85                     

     

           And, agreement which was, in any case expected due to ‘chance’ (E) 

 

 = 

(p1 + p2)  +  (q1 + q2) 

(n x n) 

                                          

(32 X 58)  +  (288 x 262) 

 

= 

                   

0.754 

 320 x 320   

  

 Now, Kappa Coefficient (K) 

 

= 

                                          

O – E  

 

= 

                 

0.85 – 0.754 

 

= 

                    

 0.388 (or, 38.8%) 

 1 – E   1 – 0.754   

         

 Where, “O” = agreement as observed in our sample, “E” = agreement which is expected due to chance. The 

value of Kappa coefficient (K) will be between O and 1 (in our example it is 0.388). If  it is 0, it means that the two 

measurements agree simply because of chance, while if it is 1 it means that the two measurements agree perfectly. In 

the above example, we would conclude that the observed agreement between the 2 observers of assessing AFB 

positivity is 38.8% of the way between a ‘perfect agreement’. Nearer the Kappa coefficient is to 1 (or, 100%) better 

the agreement between two observers, or methods of measurement, is likely to be.  

10.10. The Causes of “Error of Measurement” :- It is important for an epidemiologist and a medical researcher to 

know the various causes of errors of measurement. By using them as a checklist he/she can take preventive measures 

to ensure an error-free study. 

a) Errors in the design of instrument 

 Defective physical instruments / reagents. 

 Defective wording / phrasing of question in a questionnaire leasing to misunderstanding. 



 Lack of coverage of all sources of exposure / confounders in the questionnaire / records / direct 

observations.  

 Time period assessed by the instrument is not the time period of interest (eg., carbon monoxide in 

expired air would require measuring the smoking pattern a few minutes back, but not the smoking 

pattern over past 10 years).    

b) Errors in the protocol for the use of instruments 

 Failure to specify, in the protocol, sufficient details regarding the methods of using the instrument.  

 Failure to standardize the instrument initially and periodically during the entire study period.  

c) Poor execution of the study protocol  

 Improper clinical examination / investigative methods / pre-laboratory and laboratory procedures in 

handling the subjects or specimens. 

 Failure of data collectors to follow the same protocol in the same manner for all subjects. 

 Improper / inadequate training of data collectors in making measurements. 

 Influence of the interviewer’s personality on subject response. 

d) Limitations due to subject characteristics  

 Recall / Memory problem – poor or excessive recall. 

 Tendency to under report socially undesirable behavior (and over report socially desirable ones, 

as physical exercise).  

 Interference due to physical characteristics (eg., difficulty in palpating liver in very obese 

subjects). 

 Appearance in the study group of subjects which are quite different from the population of 

interest (ie. Sample is not representative).  

 Short term (eg., day to day diurnal) variations in subjects. 

e) Other Sources  

 Some other special sources of measurement error  are dealt specifically under the particular study 

designs (case-control, cohort and experimental designs, subsequently in different Units) and should also be 

gone through to obviate measurement errors. 

10.11. Important steps to reduce measurement errors. It is imperative that any medical researcher should 

meticulously plan out his measurements, so  that they are  valid and reliable. One must always remember that the 

backbone of any research is the accuracy of measurements and not the complex statistics. In general, the researcher 

should undertake the following steps to ensure correctness of basic measurements:- 

 Clearly write down the research question in adequate detail. 

 Identify the “variables” in his study, in respect of which, the measurements are going to be made. This 

should be written down as “Exposure”, “Outcome” and “Confounding / control” variables. 

 Now, write down clear details of what measurements should ideally be made for each of these variables. 

This is done by going through the published evidence and consultation with experts. For example, if one 



of the outcome variables is  IHD, the ideal (gold standard) measurement would be either coronary 

angiography, or a combination of  Echo-cardiography and post-exercise / post-stress ECG. 

 Now, write down how you are actually proposing to measure this variable in your study and whether it is 

scientifically acceptable. How near does it come to the gold standard, in terms of sensitivity and 

specificity (for detailed description of sensitivity / specificity, see Unit on diagnostic test studies, later on). 

Most of the times the measurement process actually being used may not be ( rather cannot be) the gold 

standard itself. For instance, in a field / community based research on IHD, it may not be at all possible to 

do coronary angiography on such healthy, free living subjects. In such case, one may decide to use a 

combination of symptoms with resting ECG as evidence of coronary insufficiency.  

 Next, discuss with the experts whether the methods of measurements you are planning for each of the 

variables is scientifically sound / accepted by eminent organisations / has already been done by some 

eminent workers earlier ? For example, a combination of symptoms and resting ECG, using the laid down 

Minnesota code criteria, is often used for healthy, population based subjects for evidence of IHD in 

epidemiological research work and has been duly accepted by WHO and used in earlier large scale 

community based epidemiological studies. 

 Now, write down a detailed “protocol” on how, exactly this measurement is going to be made, e.g., how 

the ECG will be recorded, who will record it, and how it will be read. 

 Next, write down how “quality control” will be ensured. For example, one may specify that a random 

sample of the positively and negatively read ECGs will be reviewed by a cardiologist for independent 

evaluation and quality control. 

 Now, see the equipment, reagents etc., which will be used for measuring this variable. Are they accurate? 

standardise them, initially and periodically in between the study, against some standard machine. 

 Clearly write down the process of how the measurement will be made. 

 If you are getting measurements made by different research assistants / data collectors / nursing staff, then 

train them centrally in the process of making the measurement, test them and certify them. Further, as the 

research work progresses, keep checking their performance. If you are yourself making the measurements, 

it is good to yourself get trained and certified under some expert. 

 Use the standard definitions and write them down at the planning stage itself. As far as possible, these 

should be those which are given by some standard organization (e.g., hypertension to be defined as per the 

WHO or JNC – VIIII criteria, or Rheumatic fever as per Jones criteria, etc.), or else should have been 

already used by other eminent workers in their earlier research work.  

Part – 2: Bias In Epidemiology & Medical Research 

10.12. Bias: Definition. Bias is also known in epidemiological and research parlance as “systematic error” and is 

defined as “ a process in which the epidemiologist systematically departs in equally (or similarly) treating the two (or 

more groups) which are being compared, either at the point of selection of these two groups (selection or sampling 

bias) or while making measurements on (or obtaining information from) these groups (measurement or information 

bias). Thus, the essential consideration in having an “Unbiased” study is that whenever we are making comparisons 



between two or more groups as regards a possible exposure – outcome association (i.e., a possible cause and effect 

relationship), i.e., conducting an analytic study, the two or more groups being compared should be treated absolutely 

similarly, while we are selecting them or making measurements on them.  The moment we systematically depart from 

this basic principle and start treating these two groups in a differential manner, while selecting the subjects for these 

groups or while making measurements on the subjects of these groups, bias will occur. 

10.12.1. Bias versus Measurement Error. As explained in detail in the first part of this unit, error of measurement 

refers to the state when the very basic measurement has been undertaken wrongly. Any measurement should be valid 

and reliable; if it is not, then measurement error will occur. For example, if we want to measure the prevalence of 

diabetes mellitus in our subjects, we should undertake a proper fasting and 2-hours blood sugar estimation using the 

laid down standard technique, using correct auto-analyser and by properly trained technician. On the other hand if we 

start measuring diabetes by asking the question from our subjects that “do you find ants coming on to the urine you 

have passed”, apparently our basic measurement process is wrong and we are not measuring correctly what we actually 

intend to measure. Thus a basic error of measurement can occur in any type of study, whether a descriptive study 

which studies only one group of subjects (i.e., a hypothesis generating study), or analytical study which makes 

comparison between two or more groups of subjects, i.e., a hypothesis testing study. Bias, also known as systematic 

error will occur when we treat the two or more groups being compared in a differential manner, either while selecting 

the subjects in these two groups or while making measurements on subjects in these two groups. Thus even if the basic 

measurement process is correct, bias can still occur if we apply different methods or standards of measurement on the 

two groups being compared. It is also apparent, therefore, that “bias” can occur only in an analytical (hypothesis 

testing) study and not in a descriptive study (hypothesis generating study) because it is only in an analytical study that 

we compare two or more groups, while in a descriptive study we study only one group of subjects. 

10.12.2. Illustration of Bias with an example. Let us start the discussion on bias with the example of a clinical trial, 

in which we gave a new drug, `A’ to a group of patients with headache while the standard existing drug `B’ was given 

to another group.  After analysing  the data we finally concluded that drug `A’ was better in relieving headache than 

drug `B’.  Such conclusion might have been correct, but may also have occurred because of the following possible 

extraneous reasons:- 

(a)  We might have selected subjects who were mentally robust in gp `A’, or weaklings in gp `B’. 

(b)  The severity of headache in gp `A’ as such was lesser than gp `B’. 

(c)  The subjects, knowing that we (their treating physicians) were studying the good effects of drug `A’ were too 

willing to please us, without our knowledge, by reporting results which they thought would “please” us. 

(d)  The in-charge nurse, knowing our hypothesis, ensured a high level of drug intake (compliance) in gp `A’. 

(e)  Gp `A’ was assessed in detail by a highly experienced professor, while the task of assessing gp ‘B’ was left to 

inexperienced final year undergraduate students. 

(f)  Our questions regarding relief from headache were ambiguous -  we were actually asking them “how are you 

feeling?” 

(g)  A much larger number of subjects in Gp ‘B’ who actually finally got relief, also got them discharged before our 

assessment and so were not available for the final evaluation (selective loss to follow up).  



Similarly, many more causes of judging, spuriously, that drug `A’ was better can be thought of. One of the most basic 

requirement in any scientific process is to measure correctly what we actually want to measure.  In our above example, 

we had actually intended to measure “the difference in relief from headache” as caused by drugs `A’ and `B’.  

However, at a number of points we systematically departed from the correct state, making measurements which were 

different than what we really intended to, and this happened because we systemically differentiated between the 2 

groups (‘A’ and ‘B’) while either selecting the subjects of these groups pr while making measurements on them. This 

is an example of bias. 

10.13. Bias versus Chance  :-   Our results from the sample studied may correctly reflect the real state of affairs 

that we wanted to measure, or they may be incorrect, as per following permutations and combinations. 

(a) They may be correct in the following two ways :- 

(i)  They are correct, both as far as our sample is concerned and also applicable to our population of interest 

-  this is the desirable state. 

(ii)  They are correct as far as our sample is concerned, but may not be applicable to our population of interest 

because our sample was not representative.  This is what we call the problem of loss of external validity 

or loss of generalisability. 

(b)  They may be incorrect in the following two ways :- 

(i) Are absolutely correct as far as the sample studied is concerned but are incorrect for the total reference population, 

simply because of a matter of chance, i.e., differences that occur from sample to sample.  E.g.,  seropositivity rate for 

HIV as exists in the whole population may be 1% (the real state). However, our sample may show it as 0.7%; the next 

sample may show it as 1.1% due to `random error’ or `sampling error’.  From our `p’ value, we get an idea about the 

extent that the phenomena of “chance” is responsible for producing the results that we are getting from our sample. 

We have already discussed these aspects in Unit – 9. 

(ii)  Are not correct even for the sample itself, i.e., what we conclude from our sample is itself different from the real 

state of affairs that in fact existed in that very sample (e.g., the example  of drug `A’ in relieving headache).  This is 

the problem of “Lack of internal validity” or “SYSTEMATIC ERROR” or “BIAS”. 

10.14. How does loss of validity (i.e., “Bias”) occur?  Remember that  validity will be compromised and bias will 

occur if at any point, while either selecting the subjects or else while making measurements on them, we tend to 

systematically depart (consciously or, as happens most of the times, unconsciously), thereby treating the two groups 

being compared in a differential manner.  Thus, bias can occur at two points. Firstly, it may occur if the two (or more 

groups of patients or subjects) that we intend to compare, are selected in a differential manner. This is called 

“Sampling” or “Selection” bias. Secondly, it can occur if while recording the information / making measurements, 

we tend to treat these two groups differentially. This is known as the “Information” or “Measurement” bias.   Validity 

can thus be compromised in the following ways (Exhibit – 10.1) 
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The  extremely important thing regarding bias is that while the effects of “chance”  (Random variation or sampling 

variation as described in Unit -9)  and “confounding” (see next part of this unit) can be assessed quantitatively (by `p’ 

value and adjusted estimates respectively),  assessing bias quantitatively becomes extremely difficult in the usual 

settings of clinical research.  Bias, therefore, has to be visualized during the planning stages and steps taken to prevent 

it,  otherwise, the study would be severely criticized. As said above, bias can occur while selecting the subjects or 

while getting information from them.  Thus, very broadly, there can be two types of biases:  selection bias and 

information bias. 

10.15. Selection bias  :-  Selection bias is a systematic error resulting from the way the subjects are either selected in 

a study or else due to selective losses to follow up, of subjects. In a case control study, the major source of selection 

bias is the manner cases or controls or both are selected and the extent to which the presence (or absence) of exposure 

may influence such selection. On the other hand in cohort and experimental studies, the major source of selection bias 

is non-response / withdrawal from the study / losses to follow-up. In a cross-sectional study (as also in a case control 

study), the primary source of selection bias is “selective survival”, because only those who are alive can be included 

in such studies. The following are the ways in which selection bias can occur :- 

10.15.1. Self selection bias / Volunteers induced bias  :-  In a study of leukaemia, the  incidence among 100 subjects 

who were present at the time of a nuclear explosion, 82 were traced by the investigator and 4 of them had leukemia  

(incidence 4/82  = 5%).  The other 18 reported by themselves after hearing of the study and there were 4 cases in this 

group also  (incidence 4/18  =  22.5%). Thus the incidence among “self reporters”  or volunteers was 4½ times! In 
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general, as far as possible, avoid volunteers in any research study since they may be systematically very different from 

the usual population. 

10.15.2. Berksons’ bias  (hospital selective admission bias )  :-  this can be a problem in case-control studies. It 

occurs because patients with two concurrent diseases or health problems are more likely to be admitted to a hospital 

than those with a single condition. Thus such patients with multiple health problems will tend to be over-represented 

in the hospital population as compared to the source population. For example, people who have both peptic ulcers and 

also smoke are more likely to be admitted to the hospital than people who have only one of them. A case control study 

trying to evaluate the relationship between smoking and peptic ulcers may therefore find a much stronger association 

between the two than would really exist in the general community. Another form of hospital admission related bias is 

the fact that patients who are in the severe part of the spectrum of disease are more likely to be admitted than the mild 

forms and these severe forms of the disease may be selectively more related to the possible exposure. Thus, an initial 

case control study found a strong association between high fever and febrile seizures in children, just because children 

with high fever actually fall into the severe spectrum of the disease (“fever”) and these children are more likely to 

have had seizures. In fact, subsequent community based studies (which, naturally, examined all the forms, mild, 

moderate and high fever) found no strong evidence of association between initial fever and seizures.   

10.15.3. Incidence-prevalence bias (Syn  :  Survivorship bias, Neyson’s bias )  :- This is a major issue in case-

control and  cross-sectional studies. For example, a case control study to evaluate the protective effect of  physical 

exercise on heart attack (Myocardial Infarction, MI) was undertaken by taking cases of MI and healthy controls and 

asking them about the history of regular physical exercise.  Surprisingly, a large no. of both the cases and controls 

give a history of regular physical exercise; the study concluded that regular physical exercise does not protect against 

MI. The conclusion was, in reality, a biased one.  We know that 25% to 33% of the cases of acute MI die within the 

first 3 hours.  Only those who live get admitted to the hospital and are available as cases.  Now, regular physical 

exercise may be an important factor in helping the person to overcome the acute  myocardial episode.  Thus, out of 

the cases of MI, many of those who did not undertake regular exercise died, while the ones who did exercise were the 

ones who lived to give such a history.  It becomes imperative, therefore, in a case control study especially, to see 

whether the factor under study is likely to be associated with increased mortality or survivorship. 

10.15.4. Healthy worker effect :-  A comparison between health status of army and civilian population may show a 

better health status of the soldiers; one of the important reasons may be because of the initial medical examination 

during which the `unfit’ persons are excluded and only `healthy workers’ are included in the army. Therefore, the 

basic dictum of selection and comparisons in research should be to “compare likes with likes” – “compare apples with 

apples and not with oranges”. 

10.15.5. Exposure related bias.  This is a special type of Berkson’s bias. For example, in a study of the association 

between exogenous oestrogen intake and uterine CA, Cases of endometrial Ca were selected from a hospital and 

controls were all other Gynaecological cases from the same hospital who did not have endometrial Ca. Now, those 

women who take exogenous oestrogen are in any case more likely to be admitted to hospital (since such oestrogens 

are known to cause increased frequency of uterine bleeding and hence more liability to be admitted and detected to be 

having Ca as compared to ladies who do not take oral oestrogens).  Thus if the hospital admission probability is 



different among those who have and those who do not have the suspected cause,  such a selection bias can occur.  This 

is specially liable to occur in case control studies. As another example, such an exposure related selection bias was 

viewed with concern in a case-control study that found an association between use of dietary supplementation with L-

tryptophan and “Eosinophilia-Myalgia Syndrome” (EMS). The main criticism was that the initial press publicity about 

a suspected association may have resulted in a preferential diagnosis among known users of L-tryptophan as compared 

to non-users. Thus the estimate of risk (OR) obtained from such studies may have overestimated the true effect of risk. 

10.15.6. Bias due to loss to follow-up.  This is a special problem in cohort and experimental studies. If subjects drop 

out / are withdrawn / die before assessment of outcome / do not respond later on / cross over to the other treatment 

modality in between the follow up phase, then it is also possible that those who were lost to follow up could have been 

systematically different from those who continued. 

10.15.7. Bias due to selection of inappropriate control group.  This is another major issue in case control studies. 

The basic dictum that should be followed in a case-control study is that the controls should be derived from the same 

source population from which cases have come and that the controls should also be equally at risk (i.e., have equal 

opportunity of being “exposed” to the suspected risk factor) as the cases. As an example, in a study evaluating the risk 

that oral contraceptive use may carry for development of cervical cancer, if a number of subjects in control group, 

(i.e., women who do not have cervical Ca) are those who have had their tubectomy / hysterectomy done or have been 

using IUD, then this group, in any case, does not have equal opportunity to the exposure variable (use of OCs) , as 

compared to the cases.  Take the example of another case-control study which desired to assess the risk associated 

with non-use of condoms (exposure) with the development of STD (outcome). In a hurry, the investigator selected 

cases from a Sexually Transmitted Diseases (STD) clinic and also controls from the same STD clinic who were found 

to be free of STD after evaluation, at this clinic. However, many of these controls may not have developed STD 

probably because they had sex partner who did not himself / herself had STD, and had no chance of exposure (to STD) 

whether they used condom or not. Hence the right choice of control group in this research would have been to take 

people who were known sex partners of persons known to be having STD but were themselves found clear of STD, 

while cases should have been those who had known STD persons as sex partners and were detected to be having STD.  

10.16. Information (Measurement)  bias  :-  Information bias is a systematic error that arises because of incorrect 

information while making measurements on one or more variables in the study. As said earlier, it may occur, firstly, 

when the basic measurement process is incorrect (Wrong instrument, wrong technique, wrong definitions, and so on), 

as described in details in part-1 of this unit. Secondly, it would occur even when the basic process of making the 

measurement is correct but the measurements are made in a systematically “differential fashion” between  the two (or 

more) groups being compared. This will result in a “misclassification” of either the “disease / outcome” status or 

“exposure” status, or even both of them. Information bias is likely to occur in the following ways:- 

10.16.1. Recall bias  :-  This is a major problem in case-control as also in cross-sectional studies.  The fact that a 

person has become diseased, he or she is more likely to recall the possible exposure; eg., in a study of X-ray exposure 

during pregnancy and subsequent congenital malformations in children, mothers of malformed children are likely to 

recall more and thus give more history of X-ray exposures. 



10.16.2. Detection bias  :-  This is more of a problem in prospective  studies.  Those who are exposed to the factor of 

interest may also be more liable to be subjected to diagnosis and hence detection of the disease of interest.  Eg., in a 

follow up study on the question whether smoking is the cause of emphysema,  we would take a group of smokers and 

another group of non-smokers (both groups free of emphysema at the start of follow-up) and would follow them for a 

defined period of time to see for development of emphysema. Now, because of various other problems (cough, IHD, 

dyspnoea etc.), smokers are more likely to report sick to a healthcare facility and hence more likely to be diagnosed 

as emphysema. 

10.16.3. Observer’s (Interviewers) bias  :-  If the interviewer is aware as to which group is having the particular 

exposure (in a follow up study)  or the disease (in a case control study) then he/she would be more inclined  

(subconsciously) to interrogate/examine that particular group more exhaustively, to prove the research question. 

10.16.4. Exposure related bias  :-  In a case control study on whether tobacco use is associated with oral cancer, 100 

cases of oral CA were picked up from a large teaching hospital.  The controls were cases of peptic ulcer from the same 

hospital from whom CA was excluded.  Now, tobacco use is likely to be associated with both, oral cancer as well as 

peptic ulcer.  Hence a large proportion of both cases as well  as controls will give a history of  tobacco use and we 

will wrongly conclude that tobacco use is not particularly associated with oral CA.  

10.16.5. Hawthorne Effect. This is a peculiar type of bias which  was first observed in industries, that if the workers 

come to know that they are being “observed” by somebody, they tend to change their behavior into a more positive 

type. In medical research this type of bias can occur in certain observational studies which involve clandestine 

observation, e.g., studies on hand-washing practices by health care workers.  

10.17. Misclassification :-  Any bias, especially measurement bias, will lead to “misclassification”. When, in the 

process of selection or obtaining information, the subjects are wrongly classified as regards the disease (or, exposure 

status), it is called misclassification.  Such misclassifications can be of two types  

10.17.1. Non differential misclassification ( Random misclassification )  :-  When the misclassification on one axis  

(i.e., either exposure or disease) is not dependent on the other axis (i.e., disease or exposure).  Take for example, a 

study on the association between laryngeal CA and alcohol use.  Let us say about 10% of the alcohol users are likely 

to say that they are non users.  We will thus record a lower percentage of alcohol users but this will be in both the 

groups  i.e., whether laryngeal CA cases or controls.  Thus, while our study will `misclassify’ subjects on the axis of 

`exposure’ (i.e., alcohol use), such misclassification will not be dependent on whether the persons  so misclassified 

were cases or controls (i.e., axis  of disease). 

10.17.2. Differential (non random) misclassification :-  As contrary to non differential misclassification, here  the 

misclassifications on one axis is dependent on the other axis.  Thus, in the above-mentioned example on smoking and 

emphysema, more of the smokers (exposure axis) will be diagnosed as emphysematous (disease or outcome axis), 

simply because more of the smokers will report to health  are facility for different health problems and will be subjected 

to diagnostic work-up.   Thus the misclassification (excess detection) along one axis (i.e. ̀ outcome’)  will be dependent 

on the other axis  (i.e., `exposure’). 

10.17.3. Misclassification of “Disease” (i.e., “Outcome”) status can occur in the following ways :-  



(a) Incorrect Diagnosis. This will occur due to limited knowledge about disease process; complex 

diagnostic process; lack of access to the latest / state of art technology; clinical or laboratory diagnostic errors; disease 

may be in the subclinical stage at the time when the diagnostic procedure was applied; and, differential detection when 

more intensive assessment is done who are having the exposure or are having symptoms related to the exposure (see 

example of smoking – emphysema above). 

(b) Wrong means of obtaining the disease status. This will occur when disease status is obtained solely 

on the reporting of the subjects themselves; obtaining disease diagnosis from records which may be wrong or 

erroneous; using incompetent persons to make the diagnosis; asking from the subjects of symptoms which could have 

occurred in the very distant past or were ambiguous. 

10.17.4. Misclassification of “Exposure Status” may occur in the following ways :-  

(a) Imprecise measurement process (wrong instruments, wrong questionnaires, wrong interview technique, 

wrong methods of observation, poorly trained investigators).   

(b) Inaccurate reporting by subjects (recall bias as discussed earlier, subconsciously over or under-reporting, 

deliberate over or under-reporting due to social implications, or differential reporting by the subjects if they are aware 

of their exposure status). 

(c) Bias due to the interviewers / data collectors.  This is a major issue if the interviewer or data collector is 

aware of the exposure status in a experimental or prospective study or is aware of the disease status in a case-control 

study. In such cases, it is well known that the investigator would probe much more to extract more information from 

the exposed group or else from the diseased group. Blinding of both, the subjects as well as the data collectors towards 

diseases / exposure status goes a long way in prevention of this bias. 

(d) Incorrect records / Incorrect coding of exposure data. This is quite likely to occur in those research works in 

which the information is obtained from records, as medical case sheets. Thus one should be careful in this regards and 

also try to obtain data from different sources rather than simply relying on a single type of record. 

Without going into much details, it is still better to have a `non differential misclassification’ (random 

misclassification) since the effect of the former is to shift the effect to the null value; hence, significant OR or RR in 

presence of “non differential misclassification” would have, in any case, been significant. On the other hand, a 

differential misclassification will shift the estimate of effect (OR or RR) towards any side, either towards or away the 

null value and we will not be able to predict which side the real effect would actually be. 

10.18. Checklist for Prevention of Bias. The most important issue in the methodology of any medical research work 

is to ensure internal validity and reliability.  The following check list will help in preventing bias in most of the “usual” 

settings of clinical and health research. In addition, also go through the check-list that has been given towards the end 

of the previous section of this Unit, for prevention of errors of measurement.    

1.  Standardise the method (technique) of making any measurement.  Preferably use a standardised technique as 

recommended by a standard professional body (e.g., WHO, American Heart Assn etc. )  or a standard text book.  

Write down the detailed technique in an “operations manual”. 

2.  Train all the observers/ interviewers/ data collectors centrally about the technique, test them and certify them.   If  

you are yourself the sole data collector, get trained centrally and certified. 



3.  Standardise your instruments against some standards.  e.g., standardise your BP instruments with that  of a 

physician.  Remember that questionnaires are also instruments.  Write them properly  (see subsequent Unit on 

questionnaires). 

4.  If possible, take repeated measures (e.g., 3 readings of BP). 

5. As far as possible, use the questionnaires and other scales which have already been used and standardised 

(e.g., Jones criteria; quality of life questionnaire; MPQ etc.).  

6.  If possible, make “unobtrusive” measures so that subjects remain unaware; eg., a study on alcohol consumption 

may be done by going through wine bills rather than asking the subjects. 

7.  As far as possible ensure blinding - definitely in an experimental design; even in a case control study or cohort 

study, the observer can be “blinded” to disease or exposure status. 

8.  If  possible,  do not tell your research hypothesis to the subjects (helps preventing recall bias).  In addition, if 

possible, try and take information about exposure from other sources, in addition to the subjects. 

9.  In a case control study, ensure that the controls come from the same “source” population from where cases have 

come; and that cases and controls have the same “selection factors” for getting admitted to that particular hospital. 

10. In a follow up study, take a well defined population to avoid loss to follow up. 

11. Try selecting two or more than 2 “groups” of controls in a case control study (e.g., one from hospital and another 

healthy group); try and take different categories of diagnoses if selecting hospital controls. 

12. In cohort or experimental studies (follow up)  specify clearly the future dates of examination and examine all 

subjects of both groups at the pre-decided dates using “similar” methods of history taking, physical examination 

and investigations, and make arrangements that losses to follow up are minimized. 

13. In a case control study, use the correct time frame for recording exposure (e.g., for a study between pneumonia 

and cold exposure, the time frame should be 6 days and not 6 months). 

14. See, in a case control study, specifically for - 

(a)  Is there any possibility of “survivorship” bias ? 

(b)  Is the disease such that the initial symptoms may have led to a change in exposure? (eg, initial dyspeptic symptoms 

of gastric CA may cause the patient to give up tobacco)  

(c) Did the controls have a reasonable chance of being exposed to the factor of interest? (hysterectomised women 

in any case do not have a `chance’ of exposure to OC, so do not keep them in controls in an OC  -  TE  study)  

(d)  Is it possible that controls also had a high possibility of being exposed (the example of using peptic ulcer controls 

in oral CA - Tobacco study.). 

15. In any type of study, see the “entire spectrum” of the outcome disease -  e.g., in IHD, also see in addition to MI, 

angina, sudden death and a symptomatic ECG changes;  in cong.  malformations, see all types of system/organ 

malformations. 

16. In an experimental design -  must “Randomise”. 

10.19. Check your progress – 1. 



1. In a dialysis unit, when we test the water from our RO plant for total suspended solids, which of the following types 

of method of measurement does this belong to: (i) Verbal or written replies given by the subjects, including clinical 

history taking (ii) Direct observation by investigators (iii) Reference to various types of records (iv) Direct 

measurements made on subjects (including clinical exam and pathology samples) (v) Direct measurements made 

on environment. 

2. Which of the following is NOT a synonym of “Reliability” : (a) Repeatability (b) Validity (c) Consistency (d) 

Replicability (e) Precision.  

3. In a case control study to study whether exposure to X-rays during pregnancy is associated with increased 

occurrence of congenitally malformed newborns, mothers of children born with congenital malformations and 

mothers who had delivered normal children were asked about the history of having been subjected to X-rays during 

that particular pregnancy. Many more of the mothers who had given birth to malformed newborns gave an 

affirmative answer, possibly because the mothers whose children had suffered were likely to remember more each 

and every event that had occurred during the pregnancy. This is an example of: (a) Recall bias (b) Incidence – 

prevalence bias (c) Berksonian bias (d) Hawthorne effect (e) loss to follow up bias. 

4. In a factory, lighting was increased in the work areas, so that workers could see more and their productivity would 

increase. The productivity increased but it was because the workers thought that with increased lighting, the higher 

managers would be observing them better, whether they are working adequately or not, and this led to increased 

productivity from the workers. This is an example of: (a) Berksons bias (b) Neysons bias (c) Hawthorne effect (d) 

loss to follow up bias (e) Recall bias. 

5. When the misclassification along one axis (either along the axis of exposure or axis of outcome) is NOT dependant 

on the other axis, such misclassification is called as (more than one answer may be correct): (a) lack of Precision 

(b) Random misclassification (c) Non-random misclassification (d) Differential misclassification (e) Non-

differential misclassification. 

Part – 3 : Confounding 

 10.20. Introduction to confounding. You are going through the “International Journal of Quackery”, and get 

interested in an article entitled “Mentronidazole caused Jaundice”. You get interested since such side effect of 

metronidazole has not generally been reported. You start browsing through the abstract which says “we gave a drug, 

sold under the trade name of “Palezole” (Pharmacological contents: Metronidazole 400 mg per tab and permitted color 

(Amaranth) used) to 100 patients of clinically diagnosed giardiasis. 80 out of the 100 patients started passing deep 

yellow colored urine. We, therefore, conclude that metronidazole causes jaundice in 80% of the patients”. 

Apparently, you won’t agree with the findings. The research is outright unscientific. You write a letter to the 

Editor and bring to his notice that the study conspicuously lacks “Internal Validity” – The researchers were trying to 

measure “jaundice” and for this they should have adopted the correct methodology (serum bilirubin, Liver function 

tests, etc.); What they have actually “measured” is something very different, i.e., yellow colored urine which is no 

scientific criteria of jaundice. The authors reply promptly to your letter in the very next edition. ‘We are sorry, we 

actually wanted to study “yellow urine” and not “jaundice” as the outcome’. They give a revised conclusion – 

“Metronidazole is a cause of yellow colored urine”. Should that satisfy you ? Or not yet ? Does metronidazole lead to 



yellow colored urine ? Not a very usual observation in clinical practice. Is it something other than metronidazole, 

which, occurring along with metronidazole (but remaining unnoticed) is causing the yellow coloration of urine ? Is it 

the “Amarnath dye” used in the tablet “Pale – zole” ?   

 We have now reached a dilemma. That yellow colored urine – is it because of metronidazole per se or it is 

only because of the particular dye used in the tablet “Pale – zole”. Now, what has happened is that the observed 

association between an exposure or cause (Metronidazole) and the outcome or effect (yellow urine) has been thrown 

into a confusion by a third variable – the dye. At this juncture if we have to prove that metronidazole, (and not the dye 

in the tablet) causes yellow urine, we will have to select another group of 100 patients who are also getting 

metronidazole but in a tablet which does not contain the yellow dye and make the interpretations as follows :-  

Group I: 100 Patients get metronidazole in a tablet which also contains the Amaranth dye (Pale–zole tablets).  

Group II: 100 Patients get metronidazole in a tablet which does not contains the Amaranth dye.              

 Now, if yellow colored urine occurs in both the groups (i.e., whether dye is present or not) then it is an effect 

of metronidazole (and not because of the dye). On the other hand, if this happens only in Group-I which is getting the 

dye) but not in Group-II, we would conclude that the outcome or effect (yellow coloration of urine) is due to the dye 

and not due to metronidazole. 

 The above hypothetical instance is the example of a very common and also one of the most important issues 

that occur in health sciences research – CONFOUNDING. It is the state when the observed association between an 

exposure (eg., metronidazole) and a outcome (eg. yellow urine) is “explained away” by a “third” variable (eg. dye in 

our example). This creates a confusion or a nuisance.  The above example also tells few more things. The third 

variable i.e., the “dye” has created this confusion, i.e., confounded the observed relationship between Metronidazole 

and yellow urine because :  

(i) It is associated with the exposure, i.e., metronidazole, being present in the same tablet. 

(ii) It is independently associated with the outcome, i.e. it can cause yellow urine independent of 

metronidazole. 

(iii) It is different or unequally distributed in the 2 groups – more of the dye users will be found in the group 

which is consuming metronidazole and producing yellow urine as compared to the other group which is 

not having yellow urine. 

(iv) The association of dye with metronidazole as well as yellow urine is “indirect” (i.e., independent). In 

other words, it does not lie in direct chain of causation; i.e., it is not that consumption of metronidazole 

leads to consumption of dye and finally to yellow colored urine; consumption of dye can occur 

independently of consumption of metronidazole. 

10.21. Characteristics of a Confounding variable. Thus, for a variable, to qualify as a “confounder”, it should have 

the following properties: 

(i) It should be associated with the exposure of interest. 

(ii) It should be (independent of the exposure), related to the outcome of the interest. 

(iii) It should not be in the direct chain or link between the exposure and outcome; its associations   with 

exposure and outcome are indirect and independent. 



(iv) It is “differentially distributed” in the two groups being compared. 

 

              CONFOUNDER 

 

EXPOSURE                                                             OUTCOME 

 

10.22. Importance Of Confounding In Research. The phenomena of confounding is of great importance for any 

researcher. Medical literature is replete with examples when a particular factor has been proved to be a risk factor or 

causal factor for disease simply because the effect of third variable (the confounder) was not thought of, thereby 

making the entire research work invalid. See this following hypothetical example: 

 A study was done to see whether consumption of alcohol is a risk factor for oral CA. 100 cases of oral CA 

and 100 healthy subjects were asked regarding the history of alcohol consumption during past 15 years. The results 

are presented in the table 10.1 below : 

Table – 10.1 : Association between oral cancer and alcohol consumption 

 History of      Oral Cancer 

 Alcohol  ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   80   20    100 

 Absent   20   80    100 

 Total   100   100    200 

 

Since the above is a case-control type of study, we can calculate the odds ratio (refer to Unit-5) as : 

 

OR    = 
80 X 80 

 =     16 
20 X 20 

 

Thus, we would conclude that the risk of getting oral cancer is 16 times higher if a person drinks alcohol. 

 Any of our friends would object against our findings, saying that this observation is false due to the 

confounding effect of tobacco use because tobacco use is related to the outcome (oral cancer); it is also related to the 

exposure (alcohol) since it is a known fact that people who drink more often are the ones who use tobacco; the 

relationship of tobacco with both alcohol as well as oral cancer is independent and not as a direct link of causation 

like alcohol ---- > tobacco use ---- > cancer. 

 Apparently with the above objection, the only way left for us is to make two “strata” (in the same way as 

made 2 strata in our earlier example – a strata of persons consuming the “Amaranth” (yellow coloured) dye and another 

of persons not consuming the dye). Well, in this case, we will divide our data into 2 groups – the group which uses 

tobacco and another which doesn’t use tobacco. Now, by simple reasoning, if the risk of cancer due to alcohol remains 

high in both the strata, i.e., the risk is there whether a person uses tobacco or not, we would conclude that the risk is 



not due to tobacco but due to alcohol itself. On the other hand, if the risk is not evident in both the strata, then we 

would conclude that there was a “confounding” due to tobacco; alcohol, by itself does not carry any risk. Let us see 

what happens when we dissect our hypothetical data into two strata (Tables 10.2 and 10.3): 

Table-10.2: Stratum – I : Tobacco Users 

 

 History of      Oral Cancer 

 Alcohol  ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   60   15    75 

 Absent   20   05    25 

 Total   80   20    100 

 

OR    = 
(60 x 05) 

 =     01 
(15 x 20) 

Table-10.3: Stratum – II : Non-Users of Tobacco  

 

 History of      Oral Cancer 

 Alcohol  ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   05   20    25 

 Absent   15   60    75 

 Total   20   80    100 

 

OR    = 
(05 x 60) 

 =     01 
(20 x 15) 

 

 Surprisingly, we notice that after making adjustments for the use of tobacco as above, the odds ratios in both 

the stratum fall down to one in each. i.e., there is no risk of cancer due to alcohol. Now, apparently the entire observed 

association between alcohol and oral cancer (OR = 16) was only because of confounding effect of tobacco. We found 

that alcohol, by itself, has no risk. Had we not done this adjustment for confounding we would have drawn a wrong 

conclusion that alcohol causes oral cancer. 

 The phenomena of “differential distribution” also becomes more apparent from the above 2 strata tables. We 

would appreciate that a very large number of cancer patients who consume alcohol are tobacco users (60 out of 80, 

i.e. 75%) while only a very few cancer patients who consume alcohol are non-users of tobacco (5 out of 20, i.e., 25%). 

10.23. Difference Between Confounding And Bias :- Truly speaking, confounding is a special form of bias, since 

bias, by definition, is a state which tends to produce a systematically incorrect estimate of the relationship between an 



exposure and an outcome and, which, precisely occurs in confounding. However, an important difference between 

bias and confounding is that all the causes of bias in any study have to be identified and prevented during the design 

/ planning of the study; if this has not been done, nothing can be done (at least it is extremely difficult) during analysis 

stage to remove or adjust for the bias that has occurred. On the other hand the slight advantage with confounding is 

that while all those variables which can confound the relationship between exposure and outcome in our study (called 

the potential confounding factors; PCF) must be identified before starting the study, however, once identified, we can 

control for their confounding effect either during design / planning stage (matching, randomization, restriction – see 

below) or else, we can collect the data on these variables during the study and adjust for their “confounding effects” 

during analysis (see later). However, what remains extremely important is that whether we are taking action during 

planning or during analysis stage, all the PCFs must be identified and, if the adjustments are going to be in the stage 

of analysis, the data on them must be recorded. 

10.24. How To Identify The PCF :- Now, since all the PCF must be identified before the actual study, one must work 

meticulously on this issue from the very time he/she is working on the issue of developing the research question itself. 

In fact, while reading and discussing in-width / in-depth, regarding the research question, one must very specifically 

start identifying what are the exposure and outcome variables of interest and what are all the PCF which can confound 

this relationship between exposure and outcome because of their independent and indirect relationship with both the 

exposure as well as the outcome variables. The following steps should be taken :- 

(a) Firstly, be aware, always, of the phenomena of confounding; and to the fact that there could be a large number 

of PCF in any exposure            outcome study. For instance, if we are doing a study on the association between 

alcohol consumption and IHD, a long list of PCF will come up – tobacco smoking, obesity, physical 

inactivity, hypertension, consumption of rich and fatty diet, male sex, cumulative effect of age, genetic 

background, etc, just to name a few, all of which are likely to be associated, independently, to both, alcohol 

consumption (exposure) and IHD (outcome). 

(b) It is during the step of “Read into the subject” while developing the research question, that one really identifies 

most of the PCF. Various text books, specialized books, works done in the field by other workers etc., will 

give a lot of idea about what all variables can be PCF in the study. 

(c) Ask the experts in the particular especially especially those who have done studies in this field about their 

views as well as what their “intuitions” are regarding PCF.  

(d) Your own “intuitions” and observations from clinical practice may help in identifying or at least suspecting 

some particular variable as PCF, which other workers may have missed out. 

(e) Finally conduct a couple of “brainstorming” sessions with your colleagues for identifying the PCF – quite 

often this helps. 

Control of Confounding :-Once the confounding variables have been identified, action must be taken to prevent or 

adjust for their effect. Such actions can be taken at 2 different points during the conduct of a study – at the stage of 

planning and, secondly, during the stage of analysis. 

10.25. Control of confounding during planning (designing) stage:- This can be achieved by any one or more of the 

following steps:-  



10.25.1. Randomisation: - If a group of subjects is divided into two, using random methods of allocation (see 

sampling methods described in an earlier Unit), the 2 groups will be similar to each other in all respects. The beauty, 

therefore, is that the 2 groups will be similar to each other not only in respect of all “known PCF” (as age, sex, blood 

groups and so on) but also in respect of those factors which may be “confounders” but we are not aware of them (e.g. 

HLA type etc.). The singular drawback of randomization is that it can be done only in an experimental design (e.g., 

drug trial, vaccine trial etc.); however, it is not applicable to most of the cause-effect studies that we do in clinical and 

epidemiological practice (you cannot “randomize” people into 2 groups, telling one group to “smoke” and the other 

“not to smoke”; or randomize and tell one group to develop cancer and the other not to develop cancer)! How random 

allocation helps in controlling confounding is simple – we know that a confounder exerts its effect because it is 

unequally distributed in the two groups being compared. Now, it is the inbuilt power of random allocation that the 

two groups formed by random allocation are exactly similar to each other in respect of all confounding and non-

confounding variables, and hence there will be no “unequal distribution” of the confounding variable in the two 

groups. 

10.25.2. Restriction: - we can also so plan our study that the subjects having the particular confounding variable (s) 

are not taken up at all, e.g., in a study of the possible association between physical inactivity and IHD, young age (< 

35 years) and female sex may be the PCF. In this case we may restrict our study to “only males more than 35 years of 

age”. The difficulty with restriction is that one tends to exclude out a lot of potential subjects, thus increasing the cost 

and effort of the study; secondly, the effect of the variables on which restriction has been done cannot be studied – 

e.g., in this example, the role of female sex and younger age cannot be studied. Such evaluation often becomes 

especially important in study of “effect modification” (see later). Thirdly, the generalisability of the study is 

compromised; e.g., in this example, the study results will not be applicable to females and younger persons. 

10.25.3.Matching: - We said earlier, that a confounding variable exerts its nuisance effect due to “unequal 

distribution” in the 2 groups. It stands to simple reasoning, therefore, that if the groups could be made “equal” in 

respect of the confounder, the nuisance effect can be nullified. As explained above, this is the basic principle in control 

of confounding through randomisation and once again this is also the basic principle behind the very commonlty used 

term in medical research – “Matching”. Let us say we are doing the above mentioned study on alcohol and oral CA. 

Now, once we identify tobacco use as a confounder, what we can do is that for every case of oral CA, we would take 

a healthy person as control who has the same tobacco use as that of the case, i.e., if the case is a tobacco user, we take 

the control also who is tobacco user and vice-versa. The final result will be that we will have equal number of tobacco 

user cases and controls as well as equal number of non-user cases and controls in our study and any relation between 

alcohol and oral CA will now be due to alcohol, without any confounding due to tobacco. 

 Pair Matching. The above method in which we match “one for one” (i.e., for every subject or case we take 

a control who is similar to that case in respect of the confounding variable), is called as “Pair-Matching”. This method 

suffers from certain practical difficulties – if we are matching for 3 or 4 variables (e.g., tobacco use, age in terms of 

10 years interval and sex) then finding a “one to one” similar subject in respect of all these 3 variables may become a 

logistically difficult, often impossible task. Secondly, the methods of analysis of data which has been “pair-matched” 

are different, using the special methods after Mc-Nemar (details are presented in a later Unit). 



 Group or Frequency Matching. The second method of matching is to do a “group matching” or “frequency 

matching”. Suppose we want to match on the above mentioned 3 variables (tobacco use, age and sex). Let us say, out 

of 100 cases we have 25 cases as “40-50 years old female tobacco users”. We will then select out an equal number of 

controls, i.e., 25 healthy females who are 40-50 years old and tobacco users. While the estimates obtained after 

“frequency matching” are statistically less precise, it helps overcoming, to a large extent, the problems of logistics and 

subsequent analysis. 

  In general, it is advisable for the researcher engaged in usual clinical / health research not to lay too 

much stress on matching. “Frequency matching” can be done for the universal confounders, i.e., age and sex, and 

additionally for any particular confounder which can be easily matched. As regards other PCF, which have not been 

matched, data regarding them MUST be collected and later adjustment for their confounding effect may be made 

during analysis. 

10.25.4. Over-Matching: - At this juncture it is important to understand the term “over matching”. As we have seen, 

a confounder is one which is related to both exposure and outcome. However, if a variable is strongly related to 

outcome and possibly / weakly related to exposure even then it can be considered as a PCF and treated during planning 

or analysis (e.g., in study of the association between OC use (exposure) and TE (outcome), gross obesity and bed rest 

are strongly related to outcome (thromboembolism) but not to exposure (OC use) and hence can be considered as 

confounder and matching may be carried out. However, if a variable is strongly related to exposure but only weakly 

(or not at all) related to the outcome, it should not be treated as PCF, at least never matched, otherwise overmatching 

will result and the net result will be to show as if there is “no relation between exposure and outcome”. For example, 

in the study of association between tobacco use (exposure) and Buerger’s disease, religion is not related to Burger’s 

disease but strongly related to tobacco use in that certain religions strictly abstain from tobacco. If, in such a study, 

matching is done for religion, both the cases as well as non-cases will become “similar” as regards use of tobacco and 

we would conclude that tobacco use is not associated with Buerger’s disease.  

10.26. Adjustment during analysis: - If matching has not been done for a PCF (but the data on it has been collected), 

adjustment for its confounding effect can be done during analysis by any of the following methods: -  

10.26.1. Standardisation: - This method is more often used by field epidemiologists in comparing large 

population groups. It is not much used in the usual settings of clinical and health research. Details are given in 

a subsequent Unit. 

10.26.2. Stratified Analysis: - The logic of stratified analysis has been presented earlier when we described that 

we would make 2 strata one with the confounder, and one without the confounder. If the risk in individual strata 

is the same as overall risk, then there is no confounding, as in the following hypothetical example of a study of 

the association between OC use (exposure) and TE (outcome) (Table – 10.4). 

Table-10.4: Association between Oral Contraceptive (OC) use and Thromboembolism (TE) 

 OC Use      Thromboembolism 

               ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   12   222    234 



 Absent   28   2294    2322 

 Total   40   2516    2556 

 

Overall (crude) OR    = 
12 x 2294 

 =  4.43 
222 x 28 

However, considering that age (less than or more than 35 years may be a confounding variable, a stratification was 

done, and the results are shown in Tables 10.5 and 10.6: -  

Table – 10.5: Stratum – I : Age less than 35 years 

 

 OC Use      Thromboembolism 

               ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   08   204    212 

 Absent   20   2120    2140 

 Total   28   2324    2352 

OR    = 
08 x 2120 

 =  4.16 
204 x 20 

Table-10.6: Stratum – II : Age more than 35 years 

 

 OC Use      Thromboembolism 

               ---------------------------------------------------------------------- 

    Present   Absent    Total   

 Present   04   18    22 

 Absent   08   174    182 

 Total   12   192    204 

   

OR    = 
04 x 174 

 =  4.83 
18 x 08 

 

 Since, the risk in the 2 strata (4.16 and 4.83) is almost similar to the overall risk of 4.43, we can conclude 

that there was hardly any confounding due to age. On the other hand, if the odds ratios in the strata are very different 

from the overall OR (eg. in our very first example of alcohol-oral CA study were the overall OR was 16 but the stratum 

OR after adjusting for tobacco was 1 each), we would conclude that there is confounding. 

10.26.3. Adjusted estimates (Mantel Haenszel) in stratified analysis 



 Let us slightly deviate from medical discussion and see a common problem of life. Let us say, I gave an 

examination to 40 of my students and out of which, the student (Name: “A”) who stood first got 90 marks out of a 

maximum of 100. When the results were announced, some of the other students objected by saying that “A” got so 

many marks for various reasons like: (i) he was a favored student of mine, (ii) that I know his parents well, and (iii) 

that he was good in extra curricular activities. 

 Now, let us take a pragmatic look at the entire situation. Even if I agree to the three reasons given by some 

of the students, it is definitely not that “A” got 90 marks only because of these 3 reasons. After all, he would have still 

got marks because of his own capabilities and academic performance. Therefore, in such a situation, I would take a 

practical look as follows: -  

   

Possible marks obtained by “A” because of: -  

(i) Being a favored student     -  05 

(ii) Mine having known his parents    -  10 

(iii) Having been good in extra curricular activities  -  07 

 Total        22 

 

Marks still due to “A” for his academic capabilities = 90 – 22 = 68. 

 Thus, even after making due ‘adjustments’ for the various other reasons, the adjusted, independent academic 

performance of “A” is 68 marks. These 68 marks are irrespective of (i.e., after having duly adjusted for) various other 

reasons like favored student etc. 

  This is exactly what quite often, the interest of the researcher is – not simply to see whether there was 

confounding or not but to actually work out the actual risk, in terms of RR or OR, after “adjusting” for the confounding 

effect eg., in the OC-TE example above, while the results indicate that there was slight confounding due to age, the 

risk being 4.16 times in younger women and 4.83 times in older women, we would like to have a “summary” figure 

which gives us the overall risk of TE due to OC use, after adjusting for the confounding effect of age on this 

relationship. This is what we call the “Adjusted RR” or “Adjusted OR” or “Mantel Haenszel adjusted RR/OR”, which 

is worked by a special statistical procedure. Let us say in this example, the overall (crude) OR was 4.43; the OR in the 

2 stratum was 4.16 and 4.83 respectively and the Mantel Haenszel adjusted OR works out to 4.35, we would conclude 

that the risk of TE among women who use OC, after duly adjusting for the confounding effect of age, is 4.35 times. 

In other words, OC use carries a risk of TE by 4.35 times, irrespective (independently) of whether the lady is less than 

or more than 35 years of age.  

 Once the Mantel Haenszel adjusted estimate has been calculated, the researcher is satisfied that the adjusted 

estimate of risk that has now been calculated is the “net” risk of the exposure variable (eg. OC use, or alcohol) in 

causing the outcome (eg., TE, or oral cancer), after removing whatever confounding effect was being exerted by the 

PCF for which the stratified analysis has been done (eg., age group, or tobacco use). 



 Method of calculating Mantel Haenszel adjusted estimate is described in detail in a subsequent Unit. In 

addition, statistical packages like EPI-Info would easily do these calculations (described in a subsequent Unit). What 

is more important is that the medical researcher should understand the scientific background of stratified analysis. 

10.26.4. Multiple regression analysis in the control of confounding: - While stratified analysis is very effective in 

control of confounding during analysis, however if there are a large number of confounding factors, then a large 

number of strata will have to be made and the individual figures in the individual strata will become very small, often 

zero. This is the limitation of stratified analysis. In such cases one has to resort to regression analysis. In very common 

terms, the results of estimates (reflected as Beta co-efficient) obtained from regression analysis are “adjusted” for the 

confounding effects and hence represent the net effect of that particular variable. For example, in a study of the 

association between smoking and IHD, and with a number of PCF like age, alcohol, obesity, physical inactivity, rich 

fatty diet, if the OR of smoking, after doing a multiple logistic regression is 2.8, it indicates that the “net” risk of IHD 

due to smoking, after adjusting for the confounding effects of all the other variables is 2.8 times. For understanding / 

planning a multiple regression analysis you must consult a Biostatistician / Research methodologist well in advance. 

However, in general, you should know that such regressions are of three types: -  

(i) Multiple Logistic Regression: - Done when the outcome is recorded on a dichotomous scale; e.g., if the 

outcome is IHD – present or absent. 

(ii) Multiple Linear Regression: - Done when the outcome is recorded on a continuous or numerical-discrete 

scale, e.g., if the outcome is serum cholesterol or number of children. 

(iii) Proportional Hazards or Cox Regression Model. Done when the outcome is dependent on “time” and 

often undertaken in situations of “survival analysis”. 

10.27. Effect Modification: Have a look at the following hypothetical data on the study of association between 

physical exercise and Myocardial Infarction (Table 10.7): - 

Table-10.7: Association between regular physical exercise and myocardial infarction (MI)  

 Physical Exercise   MI cases  Controls  Total 

 Undertaken   380   532   912 

 Not Undertaken   352   314   666 

 Total    732   846   1578 

OR    = 
380 x 314 

 =  0.64 
532 x 352 

 

The OR of 0.64 indicates that physical exercise is protective; the risk of MI is about 2/3 among those who undertake 

regular physical exercise. However, it was felt that sex may be an important confounding variable; hence the data was 

subjected to stratified analysis on sex as follows (Tables – 10.8 and 10.9): -  

Table – 10.8: Stratum – I: Males  

 

 Physical Exercise   MI cases  Controls  Total 



 Undertaken   282   416   698 

 Not Undertaken   288   224   512 

 Total    570   640   1210 

   

OR    = 
282 x 224 

 =  0.53 
416 x 288 

Table-10.9:  Stratum – II: Females  

 

 Physical Exercise   MI cases  Controls  Total 

 Undertaken   98   116   214 

 Not Undertaken   64     90   154 

 Total    162   206   368 

   

OR    = 
98 x 90 

 =  1.19 
116 x 64  

 The above situation is much different from that of simple confounding. The protective effect of physical 

exercise is much more marked for males (OR = 0.53) and not apparent for females (OR = 1.19). In other words, the 

protective effect of physical exercise on MI seems to be favorably modified by male sex; or in other words, there is 

an interaction between male sex and physical exercise. As regards, protective effect on MI, we would interpret that 

physical exercise and male sex interact with each other in such a way that the protective effect is much more than 

simple addition; the effect seems to “multiply”. 

 If ORs in various strata are very different from each other, then it is not confounding which is of interest; 

what would interest the researcher in such exigencies is that a possibility of “effect modification” or “interaction” 

exists and which must be further explored. Further enquiry into such instances would open up a lot of more knowledge 

into physio-pathological mechanisms of such interactions.     

 Though statistical tests are available to work out whether the various strata odds ratios are significantly 

different or not (eg., Woolf’s test for interaction), for all practical purposes the clinical researcher should take a 

decision by simple “eyeballing comparison” of the various stratum odds ratios and take decision regarding possibility 

of effect modification based on clinical and health significance of the setting / research question. Method of 

undertaking the Woolf’s test is described in a subsequent Unit. In addition, the test can be easily carried out using the 

EPI – INFO statistical package. 

10.28. Guidelines for Ascertaining “Effect Modification” (Multiplicative Interaction). The general guidelines for 

assessing confounding / effect modification in a data are as follows: -  

Step 1 – Do an overall analysis, without considering the confounding variable and calculate the RR or OR. This 

is the crude RR (or OR). 



Step 2 – Break up the data into strata on the basis of the confounding variable. Calculate the RR/OR in each 

stratum. This is called stratum specific RR (or OR). 

Step 3 – See whether the various “stratum specific RR (or OR)” are “quite different” from each other. This 

decision is basically a clinical judgment.   

Step 4 – Now, there are two situations that can happen: -  

(a) The stratum specific risk estimates are quite different from each other. If this be so, then consider 

effect modification as a possibility. If required confirm it statistically by Woolf’s test. Forget about 

confounding and Mantel-Haesnzel estimate; draw clinically sensible conclusions regarding the 

possible causes of this effect modification (interaction). 

(b) The stratum – specific odds ratio are not much different from each other. If this is so, then effect 

modification may not be the possibility and consider confounding as follows. 

Step 5 – See whether the stratum – specific RR (or OR), which, though are quite similar to each other (and hence 

there is no effect modification) are quite different from the crude RR/OR. If this is also not so (i.e., 

crude as well as stratum specific estimates are quite similar to each other) then there was no 

confounding and the crude RR/OR can be taken as a correct estimate by itself. 

Step 6 – However, if the stratum specific RR (or OR), though similar to each other, are quite different from crude 

RR (or OR), then there is a potential confounding. Calculate the Mantel-Haenszel adjusted estimated 

to get a net, independent estimate of RR (or OR) after having adjusted for the confounding variable on 

which the strata have been made, as explained earlier. 

   In multiple regression analysis, the effect modification/interaction is assessed by introducing cross product 

(multiplication) terms in data and seeing for the value of their beta co-efficient in the results. For example, in a 

regression analysis, the terms will be introduced as a separate variable “(physical exercise * sex)” by multiplying the 

value of physical exercise (1 = undertaken, 0 = not undertaken) with the corresponding values of sex (1 = male, 0 = 

female) for the same subject. If the results show an OR of 0.4, it will indicate that if male sex and regular physical 

exercise are present together, the joint effect would be to produce a risk of MI which is only 40% as compared to the 

risk for a female who doesn’t exercise. 

10.29. Check your progress – 2. 

6. When the effect of two variables, in bring about the outcome, multiplies when both these variables are present as 

compared to when only either of them is present, this situation is known as: (a) Random misclassification bias (b) 

Non-random misclassification bias (c) Effect modification (d) Confounding (e) Lack of external validity. 

7. If the outcome variable being studied is dichotomous (binary) and the effect a large number of confounding variables 

is to be adjusted statistically during analysis, the best method for statistical analysis will be: (a) Standardisation of 

rates (b) Mantel-Haenszel stratified analysis (c) Multiple linear regression (d) Multiple logistic regression (e) Cox 

regression analysis. 

8. In a study to see whether use of oral contraceptive pills can cause cancer of uterus, which of the following will NOT 

be a confounding variable: (a) tobacco smoking (b) confinement to bed (c) gender (d) obesity (e) increasing age. 



9. Woolf’s test is a statistical procedure used for assessment of: (a) Amount of random misclassification (b) Amount 

of non-random misclassification (c) Agreement between to observers (d) Adjusted Odds ratio or Adjusted Relative 

Risk (e) Effect modification. 

10. Which of the following is NOT a characteristic of “confounding” variable: (a) It is related with the exposure 

variable (b) It is related with the outcome variable (c) It does not lie as an intermediate variable in the chain of causation 

between exposure and outcome variable (d) It is equally distributed between the two groups being compared (e) It is 

unequally distributed between the two groups being compared.  

10.30. Summary. 

 The most important component of any epidemiological and medical research activity is to ensure the 

correctness of measurements – because what we measure would translate into the results that we will get. The 

term “Measurement” can be defined as” “A process, crucial to the correct conduct of any epidemiological or 

medical research work, in which we assess the “value” of a variable of interest and record it in “quantifiable” 

terms, either on a qualitative or on a quantitative scale. A correct measurement process should correctly identify 

the variable being measured, the statistical scale on which the value will be recorded, clear specification of an 

accurate and standard technique of measurement, description of the correct instrument to measure it and 

identification of the correctly trained person for making the measurement. Broadly, there are 3 major 

components of the measurement process, namely, (i) the basic measurement process and errors which can occur 

while making these basic measurements (ii) Bias, or systematic error, and (iii) confounding. 

 The first major consideration in measurement process is that all the measurements being made should be (i) 

Valid (Accurate) which means that the measurements which we are making and recording should correctly 

measure what we really intend to measure; and (ii) should have Reliability ((Syn. Repeatability, consistency, 

replicability, precision), which means that it should also give consistent results when repeated application are 

made. Reliability would be compromised in the following situations :- (i) Due to observer :- This can occur  due 

to “between observer variations”  since different data collectors can produce different results or (ii) “within 

observer variations”  (same interviewer can get different values 2 different occasions using the same instrument 

and patient), (iii) Due to subjects  :-  Again this may be to “within the subject variations”  (circadian-rhythm, 

mood fluctuations) or “between the subjects variations”  (biological variations - no two human beings are alike). 

For example, blood pressure measured for the same subject by the same nurse using the same instrument may 

show different values on two different occasions, and (iii) Due to instruments and techniques  :-  Different BP 

instruments or different techniques (recumbent or sitting position) will produce different BP values.  

 It is imperative that any medical researcher should meticulously plan out his measurements, so  that they are  valid 

and reliable. One must always remember that the backbone of any research is the accuracy of measurements and 

not the complex statistics. In general, the researcher should undertake the following steps to ensure correctness 

of basic measurements:- (i) Clearly write down the research question in adequate detail. (ii) Identify the 

“variables” in his study, in respect of which, the measurements are going to be made. This should be written down 

as “Exposure”, “Outcome” and “Confounding / control” variables. (iii) Now, write down clear details of what 

measurements should ideally be made for each of these variables. This is done by going through the published 



evidence and consultation with experts. (iv) Now, write down how you are actually proposing to measure this 

variable in your study and whether it is scientifically acceptable. (v) Next, discuss with the experts whether the 

methods of measurements you are planning for each of the variables is scientifically sound / accepted by eminent 

organisations / has already been done by some eminent workers earlier (vi) Now, write down a detailed “protocol” 

on how exactly this measurement is going to be made. (vii) Now, see the equipment, reagents etc., which will be 

used for measuring this variable. Are they accurate? Standardize them, initially and periodically in between the 

study, against some standard machine. (viii) Clearly write down the process of how the measurement will be 

made (ix) If you are getting measurements made by different research assistants / data collectors / nursing staff, 

then train them centrally in the process of making the measurement, test them and certify them. (x) Use the 

standard definitions and write them down at the planning stage itself. As far as possible, these should be those 

which are given by some standard organization as WHO, or else have been already used by other eminent workers 

in their earlier research work.  

 Bias is also known in epidemiological and research parlance as “systematic error” and is defined as “a process in 

which the epidemiologist systematically departs from equally (or similarly) treating the two (or more groups) 

which are being compared, either at the point of selection of these two groups (selection or sampling bias) or 

while making measurements (measurement or information bias) on these groups. Thus, the essential consideration 

in having an “unbiased” study is that whenever we are making comparisons between two or more groups as 

regards a possible cause and effect relationship, i.e., conducting an analytic study, the two or more groups being 

compared should be treated absolutely similarly, while we are selecting them or making measurements on them.  

The moment we systematically depart from this basic principle and start treating these two groups in a differential 

manner, while selecting the subjects for these groups or while making measurements on the subjects of these 

groups, bias will occur. 

 Thus even if the basic measurement process is correct, bias can still occur if we apply different methods or 

standards of measurement on the two groups being compared. It is also apparent, therefore, that “bias” can occur 

only in an analytical (hypothesis testing) study and not in a descriptive study (hypothesis generating study) 

because it is only in an analytical study that we compare two or more groups, while in a descriptive study we 

study only one group of subjects. 

 Bias can be broadly of two types, depending on the point at which we systematically depart from treating the 

two groups being compared in an equal manner. Thus, it may be selection (or sampling bias), whose subtypes 

are: (i) Self selection bias / Volunteers induced bias  (ii) Berksons’ bias  (hospital selective admission bias ) (iii) 

Incidence-prevalence bias (Syn  :  Survivorship bias, Neyson’s bias ) (iv) Healthy worker effect (v) Exposure 

related bias (vi) Bias due to loss to follow-up, and (vii) Bias due to selection of inappropriate control group. 

Secondly, it can occur at the point of making measurements (measurement or information bias), which includes 

the following sub-types: (i)  Recall bias (ii) Detection bias (iii) Observer’s (Interviewers) bias (iv) Exposure 

related bias, and (v) Hawthorne Effect.  

 The effect of bias is to cause a “misclassification” of subjects studied. Such misclassification can be of two 

types: (i) Non differential misclassification (Random misclassification ) which occurs when the 



misclassification on one axis  (i.e., either exposure or outcome) is not dependent on the other axis (i.e., outcome 

or exposure), and (ii) Differential (non random) misclassification -  As contrary to non differential 

misclassification, here  the misclassifications on one axis is dependent on the other axis.   

 Confounding is a special type of bias. It is the state when the observed association between an exposure and a 

outcome is “explained away” by a “third” variable. This creates a confusion or a nuisance. For a variable, to 

qualify as a “confounder”, it should have the following properties: (i) It should be associated with the exposure 

of interest. (ii) It should be (independent of the exposure), related to the outcome of the interest. (iii) It should not 

be in the direct chain or link between the exposure and outcome; its associations   with exposure and outcome are 

indirect and independent and, (iv) It should be “differentially distributed” in the two groups being compared. 

 Control of confounding can be in the stage of planning the study or at the stage of analysis of data. However, 

what is very important is that all the potential confounder variables should be clearly identified at the time of 

study by thorough reading and discussion with the experts  and in case adjustment is planned to be done at the 

stage of analysis, then data on all these variables should be meticulously collected. The methods of control of 

confounding during planning (designing) stage are: (i) Randomization (ii) Restriction, and (iii) Matching, while 

the methods at the analysis stage are : (i) Standardization of rates (ii) Stratified Analysis, and (iii) Multiple 

regression analysis  

 Effect modification is a special situation of confounding in which the exposure and confounder variables interact 

with each other in such a way that the effect on outcome is much more than simple addition; the effect seems to 

“multiply”. If RRs or ORs in various strata are very different from each other, then it is not confounding which 

is of interest; what would interest the researcher in such exigencies is that a possibility of “effect modification” 

or “interaction” exists and which must be further explored. Further enquiry into such instances would open up a 

lot of more knowledge into physio-pathological mechanisms of such interactions.     

10.31. Glossary. 

 Measurement: A process, central to the correct conduct of any epidemiological or research work, in which 

we assess the “value” of a variable of interest and record it in “quantifiable” terms, either on a qualitative or 

on a quantitative scale. A correct measurement process should correctly identify the variable being measured, 

the statistical scale on which the value will be recorded, clear specification of an accurate and standard 

technique of measurement, description of the correct instrument to measure it and identification of the 

correctly trained person for making the measurement. 

 Error of measurement: A situation wherein we depart from the laid down scientific process of making 

measurements, as described in preceding definition. 

 Validity: Also known as “accuracy”, is the situation when we correctly measure what we actually intend to 

measure. Any deficit in the laid down measurement process, as described in the above definition, or else due 

to systematic error (bias) or due to confounding will render the measurement process invalid. 

 Reliability: Also known as replicability, repeatability, consistency and precision, is defined as the ability of 

the measurement process to give consistent results when repeated applications are made. Reliability is 

compromised due to variations within the subject (intra-subject variations), variations within a particular 



observer or between two different observers (intra or inter observer variations) or due to using different 

instruments or techniques for different subjects. In a  

 Kappa Coefficient: A statistical estimate of the degree of agreement between two observers. It is an estimate 

of reliability of measurements which are recorded on a qualitative scale. 

 Bias. Also known as “systematic error”, is the error which occurs when we systematically treat, in a 

differential manner, the two (or more than two) groups being compared, either at the point of their selection 

(sampling or selection bias) or at the point of making measurements (measurement or information bias). 

 Random (Non-differential) misclassification. When the misclassification of subjects due to bias along one 

axis (exposure or outcome) is independent of the other axis (exposure or outcome). In case of such a bias, 

the estimate from the study (i.e, the OR or RR calculated from the study), though biased, will be deviated 

towards the null value and hence if the estimate is statistically “significant” it will definitely be significant 

despite the bias having occurred. 

 Non-random (Differential) misclassification. When the misclassification, along one axis (exposure or 

outcome) is dependent on the other axis. The statistical estimate calculated from such a biased study will be 

deviated towards either side of null value and hence more difficult to draw conclusions. 

 Random error. Also known as sampling error, sample to sample error or “chance”, it is the error which is due 

the operation of pure chance or luck, in getting results from the sample studied, which may be different from 

the real value which exists in the reference population; or the differenr resuts which are likely when repeated 

samples are studied from the same reference population. It is statistically calculated as the “p-value” at the 

end of the study. 

 Error of generalizability. Also known as “loss of external validity”, it is the error which occurs when the 

sample studied is not representative of the reference population and hence the results from the sample cannot 

be generalized to the reference population.   

 Confounding error. The error, in which the observed relationship between the observed association between 

the postulated exposure and outcome variables is thrown into a confusion due to the operation of a 

confounding variable. 

 Confounding variable. It is a variable which is related to the exposure variable, as also related to the outcome 

variable independent of its relation with the exposure variable, but does not lie in the direct chain of causation 

between the exposure and outcome variable. It exerts its confounding variable because it is “differentially” 

distributed in the two groups being compared. 

 Stratified analysis. A method of statistical analysis to control for the effect of a confounding variable, by 

dividing the data into strata, one having the confounding variable and the other strata not having the 

confounding variable, and calculating stratum specific estimate of the effect (Relative Risk or Odds Ratio). 

Thereafter, using the Mantel-Haenszel technique, an “adjusted” estimate of the RR or OR is calculated which 

gives the estimate of risk or effect after having adjusted for the effect of the confounding variable. 

 Effect modification. Also called as “multiplicative interaction”, is a situation when the presence of two or 

more variables multiplies the effect than would be expected either of the two variables is present.  



10.32. Self-Assessment Test. 

1. Discuss, with suitable medical examples, the various types of “Errors” which can occur in epidemiology and 

medical research. 

2. Define Bias in epidemiology and medical research. Discuss the various types of bias with suitable examples. 

3. Offer a detailed checklist for preventing measurement errors and bias in epidemiology and medical research. 

4. Define “Confounding”. Discuss the various steps in prevention of confounding. 

5. Write short notes on: (a) Validity and reliability of measurements (b) Kappa coefficient (c) Differential and non-

differential misclassification (d) Stratified analysis in adjustment of confounding (e) Effect modification (f) Random 

error versus systematic error. 

10.33. Suggested Readings/Reference Material. 
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2. Epidemiology – An Introductory Text. Author : Kenneth J Rothman. 2nd Ed, 2012. Oxford University Press, 

London. ISBN : 978019975455. 

3. Epidemiology. Author : Leon Gordis. 5th Ed, 2014. Publishers: Saunders & Elsevier. ISBN: 9781455737338. 

4. Hulley SB, Cummings SR, Browner WS, et al. Designing Clinical Research. Lippincott, Williams & Wilkins & 

Wolters Kluwer, Philadelphia. 3rd Ed, 2007. 

10.34. Answers to Check Your Progress. 

1. (e). Direct measurements made on environment, since this is a part of sampling of RO water, which is a part of 

environment. 

2. (b). Validity is an entirely separate term which means that the measurement process actually measures correctly 

what we intend to measure. The other 4 terms are synonyms of reliability, which means that the measurement 

process gives consistent results when repeated measurements are made. 

3. (a). Recall bias. This is because there was a differential recall between the two groups of mothers, with the mothers 

who had delivered malformed children recalling more about the past events. It is type of “information 

(measurement)” bias since the two groups being compared (mothers with malformed children and those with 

normal children) are giving measurements in a differential manner. 

4. (c). Hawthorne effect. In fact Hawthorne bias draws its name from this incident only. 

5. (b) and (e). Both the terms (random misclassification and Non-differential classification) are synonyms. 

6. (c). Effect modification. 

7. (d). Multiple logistic regression. If a large number of confounding variables have to be adjusted for, in the 

analysis , then standardisation of rates and stratified analysis will not be appropriate since they can dael with one or 

two confounders at a time. Multiple regression analysis is the correct procedure in such a situation. Since the 

outcome is dichotomous (binary), multiple logistic regression will be the correct procedure. 

8. (c). Gender. This is because uterine cancer only occurs in women (only women have uterus) and oral pills are also 

used only by women. Thus the study will automatically be “restricted” to only female gender and hence gender will 

not be a confounding variable.  



9. (e). Effect modification. For assessment of random and non-random misclassification, there is NO definite 

statistical procedure available. For agreement between observers it is the “Kappa coefficient”, while for adjusted OR 

/ RR it is Mantel-Haenszel stratified analysis. 

10. (d). “It is equally distributed between the two groups being compared,” is NOT a characteristic of 

 a confounding variable. In fact, a confounding variable  exerts its confounding effect because  it is unequally 

distributed among the two groups being compared and one of the methods of preventing confounding is to  make the 

two groups equal in respect of the confounding variable, by either matching or by random allocation. 


