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13.1. Introduction. The sequence in logical deductions in epidemiological and medical research work takes a well defined 

path of firstly, developing appropriate research questions, studying a disease or phenomena of interest to describe the 

phenomena and to generate hypothesis regarding a suspected cause and its postulated effect, followed by undertaking 

comparative (analytical) studies to test the hypothesis so developed, comparing two or more groups and finally accepting or 

rejecting the hypothesis. It therefore becomes essential to understand the scientific sequence of logic which underlies the 

proving (or disproving) of the “cause and effect relationship” (or the exposure and outcome association). This will be the 

subject of deliberations in the first part of this unit. 

 Once we have understood the scientific sequence and logic in developing a cause and effect relationship, the next 

issue is to have a broad understanding of the various types of research (or epidemiological) “designs” that are available to us 

for executing our proposed study. They are known as epidemiological / research  “design” or “typology” or “method” or 

“architecture”. Broadly, they may be descriptive studies in which we do not proceed with any preformed hypothesis but rather 

study only one group of subjects with a view to describe a disease or any other health related phenomena of interest in terms of 

its frequency (incidence or prevalence) and its distribution according to various variables related to person, place and time. At 

the end of a descriptive study we generate one or more hypotheses, which we need to prove or disprove by subsequent 

analytical studies. On the other hand, analytical studies start with a specific hypothesis, proceed by assembling and comparing 

two (or more) groups of subjects (a group with the exposure and another without it; or else, a group already having the 

outcome and the other not having the outcome). At the end of the analytical study, findings are analysed by statistical 

procedures of hypothesis testing as well as calculation of the magnitude of the effect (in terms of Relative Risk or Odds Ratio) 

and we finally accept or reject the hypothesis. Broadly, analytical studies can be either “interventional” (also called 

“experimental” studies) in which the epidemiologist deliberately divides a group of subjects into two, intervenes by giving the 

exposure to one group and with-holding it from another group and thereafter follows up the two groups to comparatively 

analyse the occurrence of outcome in the two groups. The other type of analytical studies are “observational” in which the 

investigator does not create the two groups but it is the nature which itself creates the two groups – one already having the 

exposure and the other not having it or else, one group already having the outcome and the other not having it. These details of 

various types of epidemiological (research) designs are discussed in Part – 2 of this unit. 

 Finally, Part-3 of this unit deals with the details of the steps involved in planning, designing, conduct and analysis of 

a descriptive study. Hypothetical examples have been provided to make the details understandable. 

13.2. Objectives. After reading this unit you should be able to:- 

13.2.1. Understand the concepts and logic involved in the sequence of establishing a “cause and effect” relationship. 

13.2.2. Understand the criteria forwarded by Sir A B Hill in establishing a cause and effect relationship. 

13.3.3. Understand the architecture and classification of various types of epidemiological (research) designs and the 

indications, merits and disadvantages of each. 

13.3.4. Identify as to which particular design is best suited to answer the research question proposed to be studied. 

13.3.5. Plan, design, conduct, analyse and interpret a “descriptive” epidemiological (research) study. 



Part – 1: Cause And Effect Relationship 

13.3. Definition of “cause & Effect” Relationship.  Except  in  the  limited  situations  of  describing  a  phenomena  of  

interest,  most  of  the  times  epidemiology and medical research  is  directed  towards  finding  out  the  “causal”  association;  

eg.,  “Is  smoking  a  cause  of  IHD  ?”  This  is  called  as  study  of  “cause-effect”  relationship;  it  is  also  equivalently  

called  as  “exposure-outcome”  relationship.  A  “cause  and  effect”  (or  exposure  and  outcome)  relationship  can  be  

defined  as  “an association between two variables in which an alteration in the frequency or quality of one variable is 

followed by a corresponding change in the other”;  e.g.,  if smoking  is  a  cause  of  Lung cancer,  increase  or  decrease  in  

smoking  should  lead  to  a   corresponding  change  in  the  disease  occurrence. At this point, at the expense of repetition, let 

me also bring out that the term “cause” is also synonymous with “exposure”, “predictor” and “independent” variable, while the 

term “effect” is synonymous with the terms  “outcome” “disease” and “dependent” variable. 

13.4. The  process  of  establishing  a  “cause  and  effect  relationship :-  Establishing  a  cause  and  effect  

relationship,  i.e.,  this  particular  ‘exposure’  is  the  cause  of  that  particular  ‘outcome’  needs  epidemiologic  research  on  

the  lines  of  ‘hypothesis  testing’. i.e., an analytic study, as described subsequently in this unit. Once  the  investigator  

proceeds  with  a  “cause  and  effect”  hypothesis  and  conducts  a  study,  the  final  evaluation of whether an  “exposure-A”  

(eg.,  smoking)  as  a  cause  of  the  “outcome – B”  (eg.,  Buerger’s  disease)  consists  of  a  sequence  of  steps  as  follows:- 

13.4.1. Step – 1 : Is the study “Valid”?:-  Has  the  study  been  done  using  correct  methods ? Has  the  investigator  

‘measured’  what  he  or  she  really  wanted  to  ‘measure’ ?  Has  the  validity  and  reliability  been  preserved  in  the  study  

and  there is  no  bias ?  In  other  words,  we analyze whether the  results  of  the  study  are  accurate (valid) and  not  

“spurious” (invalid). 

13.4.2. Step 2a: Is the association due to “chance”?  :-   Now, do  the  statistical  results  indicate  that  the  ‘exposure’  

and  ‘outcome’  are  significantly “associated” ?  In  this  step,  the  investigator  ensures,  through  statistical  tests  of  

significance  and  95%  CI,  that  the  differences / associations  observed  in  his  sample  are  not  simply  due  to  matter  of  

“chance”  or,  in other  words,  variations  that  could  occur  when  different  samples  from  the  same  whole  population  are  

drawn  (“chance”  or random  variations or  sampling  variations), as has been dealt with in an earlier unit on hypothesis 

testing for differences between means / proportions 

13.4.3. Step 2b: How much was the power of the study?  :-  If  the  statistical  results  show  that  the  statistical  

relationship  is  not   significant,  we  must  still  give  consideration   to  the possibility  that  a  real  association  might   have  

been  missed  out  due  to  low  power  of  the  study  i.e.,  a  high  Beta  (type II)  error  consequent  to  a   small  sample size. 

Hence,  before  finally  denouncing  the  association  as  “not  statistically  related”, we  must  back-calculate  the  “power”  of  

the  study;  in  case  it  is  found  that  the  power  was  inadequate  (say  less  then  80%  for  the  usual  research  settings),  the  

investigator  should  suggest  additional  studies  using  larger  sample, (or  else,  a   “meta-analysis” type  of  study). Further 

details of calculation of “power” are dealt with in a subsequent unit. 

13.4.4. Step 3: Is there any indirect relationship (Confounding)? :-   If  the  tests  of  step  2  show  that  the  

relationship  is  “statistically  significant”  the  investigator  should  now  evaluate  as  to  whether  this  relationship  is  due  to  

‘indirect  relationship’   with  a  third  variable;  in  other  words,  the  investigator  should  undertake  analytic  procedures  for  

control  of  confounding  as described in an earlier unit of errors of measurement, confounding and bias. 

13.5 Step-4: Evaluation on Hill’s criteria  :-  Once  it  has  been  demonstrated  in  step  3  that  the  exposure-outcome  

relationship   is  not  due  to  confounding  (i.e.,  holds  good  even  after  adjusting  for  confounding  variables),  the  

investigator  should  now  test  this  postulated  “casual”  relationship  on  the  following  criteria  of  “casual  association” as 

enunciated by Sir AB Hill:- 

(a) Temporality  :-  The  absolute  requirement  for  any  postulated cause  and  effect  relationship  to  hold   good  is  

to  demonstrate  that  the  suspected  cause  (exposure)  preceded  the  effect  (outcome).  For example,  for  smoking  to  be  a  

cause  of  IHD,  a person should start smoking  before  the  onset  of  IHD. 



(b) Strength  of  association  :-   The  “strength  of  causal  association  is   shown   by  relative  risk  (RR)  or,  

odds  ratio  (OR);  higher  the  RR  or  OR, (i.e., farther the RR or OR from the value of “1”),  more  is  our  confidence  

regarding   the  casual  association.   

(c) Consistency  :-   Whether  a  number  of  different  studies  conducted  by  different  investigators  at  various  times  

in  different  geographical  areas  on  different  populations  have  indicated  similar  “cause  and  effect”  association  as  

regards  our  exposure  and  outcome  variables.  Eg.,  smoking – lung  Cancer (CA)  association  has  been  consistently  

demonstrated  in  various  countries,  religions  and  sex  etc. 

(d) Biological  gradient  :-   Usually,  increasing  dose  of  exposure  should  be  associated  with  increasing  

occurrence  of  outcome;  eg.,  with  increasing  consumption  of  tobacco,  the  occurrence  of  IHD  rises.  This  is  also  called  

“dose-response  relationship”.  However,  the  investigator  should  remember  that  not  all  casual  associations  would  

demonstrate  this  phenomena;  eg.,  the association  between  Diethystilboesterol (DES)  consumption  by  mothers  and  

vaginal  CA  in  their daughters  many  years  later  does  not  exhibit  this  ‘gradient’  phenomena,  possibly  due  to  a  

phenomena  called  “sufficient  dose  for  maximum  effect”. 

(e) Biological  plausibility  :-   Does  the  cause-effect  association  “stand  to  reasoning”  i.e.,  commensurate  with  the  

already  known  and  accepted  facts.  However,  here  too  the  researcher  must  note  that  biological  plausibility  is  a  

relative  phenomena  based  on  present  day  knowledge  of  the  state  of  affairs;  what  we  think  nonsensical  today  may  be  

accepted  as  correct   tomorrow,  e.g..,  in  the  mid  19th  century  when  Semmelwis  recommended  hand  washing  by  

medical  students  and  teachers  before  attending  obstetric  units,  his  recommendations  were  dismissed  by  medical  

fraternity  as  “doesn’t  stand  to   reasoning”  but today we know that he was so correct.     

(f) Experimental  evidence  :-   An  evidence,  in  the  laboratory  or  in  human  subjects,  based  on  deliberate  

introduction  of   the  cause  (exposure),  thereby  demonstrating  that  the  outcome  (effect)  occurs  in  the  group  which  has  

been  subjected  to  the  exposure  and  not  in  the  other  group.  Here  again  it  should  be  noted  that  such  experimentation  

on  human  subjects  may  be  often  impossible;  (e.g.,  we  cannot  deliberately  tell  a  group  of  human  beings  to  smoke  

and  the  other  group  not  to  smoke  and  watch  them  for  the  development  of  lung  CA).  However,  basic  laboratory  

proof  (e.g.,  microscopic  demonstration  of  histological  changes  in  the  respiratory  tract  of  animals  subjected  to  tobacco  

smoke  or  in  tobacco  using  humans)  may  further  strengthen  our  belief  in  a  “causal”  association.   

(g) Other  criteria  :-   Like,  ‘analogy’.  (e.g.,  if  one  drug  can  

cause  congenital  malformations,  others  can  also  do  so);  ‘specificity’  (i.e.,  

one  cause,  one  effect)  and  ‘coherence’  (findings  should  not  conflict  with  

the  known  natural  history  of  the  disease)  have  also  been  forwarded  to  

finally  test  a  casual  association.  However,  in  general,  criteria  mentioned  in  

step  (a)  to  (c)  are  most  important;  (d)  to  (f)  may  lend  additional  support  

to  the  causal  reasoning  while  those  mentioned  in  (g)   may  also  be  

considered. 

 

 

Part – 2: Architecture of Epidemiological /Research Designs (The epidemiological method) 

13.6. Overview of architecture of research designs. The various aspects covered in the various units, till now, dealt with the 

basic, fundamental principles, a knowledge of which is essential for any type of medical research. However, once the correct 

research question has been asked and due consideration has been given to the various basic principles dealt with earlier, the 

researcher has to select out the particular type of research design, most suitable for his / her research question. The present and 

the subsequent units would deal with the designing, planning, conduct and analysis of the important types of designs; this 

aspect is also called the “epidemiological method”. As described earlier in the chapter on hypothesis testing, any researcher 

would be, very broadly, doing one of the following 2 types of exercises: -  

Sequence of establishing a “cause and effect 

relationship” from a epidemiological study 

 Is the Internal validity maintained? Any measurement 

errors? Any Bias? 

 Are the results statistically signoificant? Or, is it that they 

may be due to chance?  

 Any indirect association (confounding)? 

 Test for Hill’s criteria of causal relationship :- Strength of 

Association (magnitude of RR); temporal relationship; 

consistency; plausibility; dose-response relationship; 

experimental evidence; Analogy; Coherence; Specificity. 



a) We may be simply ‘describing’ a phenomena of interest, expressing it in terms of a measure of health or disease (as 

mean, median or proportion). In such instances, the researcher does not start with a ‘performed hypothesis’ regarding 

cause and effect relationship (i.e., this particular ‘exposure’ leads to that possible ‘outcome’). It is only after such a 

‘descriptive study’ has been completed that the researcher, based on the results of the study, develops one or more 

hypothesis regarding causal association. Such studies are called the “DESCRIPTIVE STUDIES”. 

b) The second general situation is that the investigator may be proceeding with a “preformed hypothesis” regarding a 

cause  effect (i.e., this ‘particular exposure or cause’ leads to that particular ‘outcome or effect’). In other words, 

the investigator proceeds to investigate his hypothesis of cause-effect relationship between a possible exposure and 

postulated outcome. These studies are called “ANALYTICAL STUDIES”. 

HEALTH SCIENCES RESEARCH 

ARE YOU HAVING A PREFORMED HYPOTHESIS ON- 

CAUSE (EXPOSURE)  EFFECT (OUTCOME) RELATIONSHIP 

 

   

 

    No           Yes 

 

 

DESCRIPTIVE DESIGN        ANALYTICAL DESIGN 

13.7. Descriptive Studies. As started earlier, on a number of occasions the researcher does not have any preformed hypothesis 

regarding a cause-effect hypothesis. His object is, rather, to describe certain clinical or health related phenomena and, at the 

end of the study, to develop some sort of hypothesis regarding a possible cause-effect relationship, which can be further 

subjected to evaluation by analytical studies. In epidemiology and medical research, the various settings in which the 

investigator may undertake descriptive studies are: -  

a) Describing certain health related variables and their “distribution” e.g. mean serum cholesterol among patients of IHD 

or among healthy people, and the distribution of serum cholesterol according to age, sex, time of day etc. 

b) Describing the “natural history of disease” (e.g. progress of untreated HIV +ve / AIDS patients) or “natural history of 

a health related phenomena” (e.g. growth and development among children). 

c) To describe the load of a disease (e.g. prevalence of TB in a community) or a health related factor (e.g. prevalence of 

smokers) or to describe the available health services, usually with a view to plan the health services. 

d) To describe the occurrence of a disease (e.g. ‘incidence’ of poliomyelitis among children) or a health related 

phenomena (incidence of death among patients who suffer from cervical cancer, or incidence of smoking among 

teenagers who were initially non-smokers, over a calendar year). 

e) To describe the occurrence of an interesting clinical or health related “episode” or a collection of such “episodes” 

(e.g. description of a case of a given disease, presenting with atypical symptoms or a few interesting cases of a new 

disease, called as “case reports” and case series” respectively). 

 A descriptive study gives a strong suggestion that a causal association may be present but dosen’t prove it. For 

example, a descriptive study which follows up for a year, those children who develop sore throat, may describe that the 

incidence of acute glomerulonephritis among children developing sore throat was found to be 10%. This gives a strong 

indication that sore throat may be causally related, as a precursor, to glomerulonephritis; however for proving such an 

association one has to do an analytic study by comparing the incidence of acute glomeronephritis in two groups – a group 

having suffered from sore throat and another that did not. Thus, a descriptive study does generate hypothesis; however to 

prove the hypothesis analytical studies are required. 



13.8. Analytical studies. In contrast to descriptive studies, in analytical studies, the investigator proceeds with a ‘preformed 

hypothesis’ regarding a “causal exposure”. A large number of health research questions are answered by undertaking 

analytical studies. The various settings in which the medical researcher proceeds to establish a relationship between exposure 

and an outcome can be demonstrated by following examples: -  

 Suspected Exposure  (Study objective -  Postulated outcome   

     Evaluation of): 

 

1. Tobacco smoking   (RISK FACTOR)  Lung CA 

2. Transverse Ear lobe crease  (RISK MARKER) I.H.D. 

3. Appearance of malena  (PROGNOSIS)  Survival in viral hepatitis 

4. Use of pap smear   (DIAGNOSIS)  Chances of detecting cervical CA 

5. Treatment with    (TREATMENT)  Better control of hypertensive  

 “ACE inhibitors”      state. 

6. Giving measles vaccine  (PREVENTION)  Reduced changes of suffering 

        from measles. 

 

13.9. Explaining the logic behind analytical studies. The key word in analytical studies is “COMARISON”. This 

comparison is undertaken between two groups of subjects in either of the following ways. For the sake of explanation, let us 

use the following notations: -  

EXPOSURE: - Denoted by E. Besides “exposure”, it is also called as “cause”, “predictor” or “independent” variable in 

medical research and epidemiological parlance. Those subjects who are having the postulated exposure are denoted by E + and 

those who do not have the exposure are denoted by E -. 

OUTCOME or DISEASE: - This is denoted by “O” or “D”. Besides, it is also called as “dependent” or “effect” variable in 

medical research and epidemiological parlance.  The subjects with the outcome of interest, or developing it, are denoted by D+ 

(or by O+) and those who do not have / develop it are denoted by D- (or by O-). For example, in a study on the possible 

association between “lack of dietary fiber in diet” (Exposure) and Colonic Cancer (CA) (Outcome), those who are eating low 

dietary fiber diet would be denoted by E+ and those having adequate intake by E-; while those with colonic cancer would be 

denoted by D+ and those without it as D-. This would lead to a permutation and combination which can be depicted in the 

following 2 x 2 table (Table – 13.1):  

Table-13.1 : 2 X 2 table showing notations for Exposure-outcome relationship 

Status of Exposure 

(“E”) 

Status of Disease (“D”) (or Outcome, “O”) Total 

Having (or developed) the 

Disease or Outcome (D+ or O+) 

Not having (or Not developed) the 

Disease or Outcome (D- or O-) 

Having the 

Exposure (E +) 

E + O + 

 (a) 

E + O - 

(b) 

All having the 

Exposure (a + b) 

Not Having the 

Exposure (E -) 

E – O + 

(c) 

E – O – 

(d) 

All Not having the 

Exposure (c + d) 

TOTAL All having the outcome 

(a + c) 

All Not having the outcome 

(b + d) 

Total subjects 

studied 

(a + b + c + d) 

 

The above notations are explained as follows: 



a = Those subjects who have both the exposure as well as the outcome (E+ D+); e.g. those colonic CA patients who consume 

low fiber diet. 

b = Those subjects who have the exposure but not the outcome (E+ D-); e.g. those subjects who consume low fiber diet but do 

not have (or do not develop) colonic CA. 

c = Subjects having the outcome but not the exposure (E- D+); e.g. subjects who have colonic cancer but consume adequate 

fiber in diet. 

d = Subjects who neither have the exposure nor the outcome (E-D-); e.g. those subjects who do not have colonic cancer and 

consume adequate amount of fiber. 

Now, “comparison” of the two groups in any analytical study can be made in either of two ways: -  

a) Either we take a group with the exposure (E+) and another without it (E-); we also ensure that at this starting point, 

none of the subjects, whether O+ or O- have colonic cancer (i.e., all are D- at the point of start). We now follow them 

up for a reasonable period of time and observe how many in each group have developed the outcome (D+); e.g. we 

can collect two groups of subjects, all free of colonic CA, one group eating low fiber diet and another eating high 

fiber diet, follow up both these groups for 15-20 years and see how many in each group develop colonic CA. The 

comparison would then be made between “those who develop the outcome out of total exposed” (i.e., (E+D+) ÷ All 

E+ (i.e.,  (a) ÷ (a+b)) and “those who develop the outcome out of the total not exposed”. (i.e., (E-D+) ÷ All E- (i.e, 

(c)÷(c+d). This can be demonstrated as 

  Criteria for Comparison  =  (E+D+) (i.e, a) ÷ All E+ (i.e, a+b)) 

               (E-D+) (i.e, c)  ÷ (All E -) (i.e., c+d) 

     In case the resulting figure from this comparison is “much more than expected due to simply by 

chance” (the “simply expected due to chance” being defined by statistical tests, for the difference in means or 

proportions), we would conclude that the exposure is definitely associated with (or, carries a high risk of) the outcome. 

b) The second way of doing comparative analysis could be to collect a group of subjects who have already developed 

the outcome (D+) and another group of subjects who do not have the outcome; and then interrogate (or examine) all 

the subjects regarding history (or current presence) of exposure (E+ or E-). For example, we may take a group of 

patients suffering from colonic CA (D+) and another not suffering (D-) and take the history of low dietary fiber 

intake during last 15-20 years from all of them. In this contingency the comparison would be made between “those 

with the outcome having the exposure” (i.e. (E+D+) (i.e., cell a) ÷ (All D+) (i.e., a+c) and “those without the disease 

having the exposure (i.e. (E+D-) (i.e, cell b) ÷ (B+D) (i.e, b+d). The comparison thus would be 

(E+D+) (i.e, cell a) ÷ (All D+) (i.e., a+c) 

(E+D-) (i.e., cell b) ÷ (B + D) (i.e, b+d) 

  If the result is much more than ‘expected simply due to chance’ we would conclude that an association exists 

or, the exposure carries a risk of the outcome. 

Discussion on Individual type of designs. Once the methods of “comparison” of the two groups, as explained above, have 

been understood, we can now proceed with the broad settings in which individual type of analytical studies can be undertaken. 

13.10. Experimental / Interventional design (synonym : clinical trial). The most scientifically reasonable setting 

would be, apparently, when the researcher collects a group of subjects in which neither the exposure nor the outcome have 

occurred. i.e., all subjects are initially “E-D-“. Now the researcher “randomly allocates” these subjects into two groups, since 

such random allocation (or “randomization”) would ensure that both these groups are exactly similar to each other in all 

respects. Having created such two such exactly similar groups, now one group is deliberately given the exposure (i.e., it 

becomes E+D-) and the other group is not given the exposure (i.e., continues to be E-D-). The investigator now follows up 

both these groups over a reasonable period of time to see how many in each group become D+ and makes the comparison as  

(E+D+) / (All E+)  

(E-D+) / (All E-) 



Or, in notational form as: {(a) ÷(a+b)} ÷{(c) ÷(c+d)}. A flow chart is presented in Fig 13.1 below. This type of research 

design is called the “EXPERIMENTAL” or “INTERVENTION” design. 

          E+O+ 

 

        Investigator Removes already  E+O- 

   E+ or O+      E+O- 

 

         Keeps   Randomly    E-O+ 

        (E-O-)   allocates E-O-    

   

       Follow up and 

Sample of         examine for outcome E-O-   

subjects  
13.11. Hypothetical example of Interventional Study. As a hypothetical example, let us say, we want to study whether 

it is worthwhile to give isoniazid chemoprophylaxis to children who are close contacts of open cases of pulmonary TB. For 

undertaking an experimental study, we would take a random sample of, say, 100 children, out of the study population of, say 

1000 children who are close contacts of open cases of pulmonary TB. We would now examine all these 100 children and 

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

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

in our study. Now, we would ‘randomly’ divide these 90 children (say by drawing lottery chits or tossing a coin) into 2 groups 

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

tablet containing calcium, having shape, size, taste, colour and dosage exactly the same as for isoniazid). The two groups A & 

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

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

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

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

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

Incidence in exposed 

Incidence in non exposed 

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

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

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

13.12. Advantages of Interventional Design. This design is scientifically the most suitable because: -  

13.12.1. Since it is the investigator who decides (on a random basis) and allocates the exposure, the possibility that “subjects 

might have taken up the exposure due to natural selection factors which may also be related to the outcome” is ruled 

out. For example, if we compare a group of children who have been already given measles vaccine (exposure) with 

another group who have not taken measles vaccine and follow them up to see the occurrence of measles in each 

group, the possibility would exist that children who have been already been given measles vaccine were also possibly 

the ones who belonged to better socioeconomic status, better housing, better nutrition, less overcrowding etc. and 

hence the lower occurrence of measles in this group may not be due to vaccine per se, but possibly because of the 

other factors. However in an Experimental (Intervention) design, the investigator will firstly take in only those 

children who have still neither been given measles vaccine nor developed measles (E-D-), (excluding those who have 

already been given the vaccine (E+) or who have already suffered from measles (D+)). Secondly he would “randomly 

allocate” this E-D- subjects into 2 groups, one will be getting the vaccine (E+D-) and another will not be getting it (E-

D-); Since the division is by “randomization” (see unit on sampling methods) both the groups will be exactly equal to 

each other in respect of all other factors (like socio-economic status, nutrititional status, housing etc). Hence no 

objection of the type as mentioned earlier can be forwarded against this design. 
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13.12.2. Since the outcome has been excluded from both the groups to start with, (the investigator takes only E-D- to start the 

study) and then both the groups are followed up over a period of time for the development of outcome (D+ or D-), 

one is definite that exposure preceded the outcome; i.e. the absolute requirement of “temporality” for a cause effect 

relationship is fulfilled. 

13.12.3. Since the exposure status (E+ or E-) has been recorded by the investigator herself at the start of the study, there is no 

possibility of ‘recall bias’ which could have happened if the investigator was asking the history of “exposure” from 

the subjects who have already developed the outcome (D+ or D-). 

13.13. Disadvantages of Intervention Design. This type of research, while being scientifically most sound, suffers from the 

outstanding problem that when studying “Risk factors”. “Markers” and “Prognostic factors” it is impossible for the 

investigator to randomize the subjects into two groups, one getting the exposure and the other not; e.g. in a study of the 

association between cigarette smoking (exposure) and Lung CA (Outcome) it is impossible for the investigator to “randomly 

allocate” the subjects into 2 groups, and subjects of one group being told to smoke while subjects of other being told not to do 

so. However, for any study directed to answer the questions about “treatment (therapy)” or “preventive procedure”, the 

experimental design must be used since the subjects can be randomized into 2 groups, provided it is ethically correct do so. 

13.14. The Cohort Design . In case it is not possible to “randomly allocate” the subjects into the two group, what we can do 

is that we can select out two groups at the start of the study, one having the exposure (E+) and other not having the exposure 

(E-). Now, those subjects, in both the groups, who already have the outcome (D+) at this point of starting the study are 

excluded, so that we have two groups, one having the exposure but not disease (E+D-) and the other neither having the 

exposure nor the disease (E-D-). The groups are followed up for the required period of time, and comparisons are made 

between (E+D+) / All E+) and    (E-D+) / All E -) as for an experimental study. A flow chart is presented in fig.13.2. 
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 For example, to see the association between smoking and lung cancer, we can take a group of smokers (E+) and 

another group of non-smokers (E-). We would undertake an initial medical examination and exclude anybody who already 

has lung cancer. Thus, we will have two groups to start with, one of smokers not having lung CA (E+D-) and another of non-

smokers not having long CA      (E-D-). We would now follow up these two groups for the relevant period of time, say 20 

years, and see the incidence of lung cancer in each group, thereby calculating the Relative Risk (RR). 

13.15. Advantages of Cohort Design. The advantages of this design, called “COHORT DESIGN” are the last two mentioned 

for experimental design, i.e. temporal association is sure and recall bias is minimized. The main scientific drawback of this 
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study is that is lacks the effect of “equal distribution due to random allocation” and hence the problem of “natural selection 

factors related to both exposure and outcome” may be forwarded. For example, our critics may object by saying that the 

association of smoking and lung cancer as observed by us may not be real one but possibly because of certain genetic 

markers, a person starts smoking and because of the same genetic markers, the person may be more susceptible to lung CA, 

whether he smokes or not. In other words, there is a potential for confounding by non-tangible factors. (However, if we can 

show that there is consistency, biological plausibility and dose – response relationship, which are some essential features of a 

“cause-&-effect relationship”,  such objections become more of theoretical value only).  

 Hence, as far as effects of therapeutic regimes or preventive measures are to be seen, the experimental design is to be 

taken up since random allocation can be undertaken. However, for study of “risk factors”, “risk markers” and “prognostic 

factors” the cohort study remains the choice. In fact, for “prognostic factors”, this is the only possible design.  

13.16. Disadvantages of Cohort Design. This design has disadvantages too. Firstly, if the period of follow up is very long, the 

medical fraternity has to wait for years before the final conclusions can be drawn. Secondly, if the outcome is rare, the 

investigator needs to follow up a very large number of subjects to get a reasonably adequate number of subjects who develop 

the outcome. Thirdly a large number of subjects may be lost to follow up / die / drop out during the period of follow up 

leading to “loss to follow up bias”. Fourthly, such study is very costly and time consuming, requiring a lot of men, material 

and money. 

13.17. The Case – Control Design. The problems of a “cohort study” can be sorted out by the method we mentioned in 

making the second type of comparison between the two groups. What we can do is that we can start by selecting a group of 

subjects who have already developed the outcome (D+) and another who have not developed the outcome (D-) and ask the 

history of exposure, or assess the current presence of exposure, (E+ or E-) from all the subjects 

 The comparison is made as     (D+E+) / (D+) 

          (D-E+) / (D-) 

  A flow chart is presented in fig. 13.3. 
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The comparison is then made as: 

      (O+E+) / (Total O+) 

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

      (O-E+) /  (Total O-) 

13.18. Advantages & Disadvantages of Case Control Design. The above situation is what we call a very special type of 

study, the “case-control” design. Intuitively, this study design appears very appealing. However, it suffers from a large 

number of outstanding problems: -  
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 The very direction of the arrows are ‘reversed’; in other words this study, involves a reversal of “scientific reasoning” 

which should normally proceed from “exposure to outcome” as in an experimental or cohort design. 

 The fact that the investigator has not recorded the exposure (E+ or E-) himself but is dependent on the history given 

by the subjects leads to a high possibility of “recall bias”. 

 Since the investigator has not started from the exposure and followed up subjects till the outcome (as happens in a 

experimental or cohort study) one is not sure whether exposure really preceded the outcome, i.e. “temporality” is not 

guaranteed, e.g. an association between poverty (postulated exposure) and mental illness (suspected outcome) if 

concluded by such a design, may not necessarily be because poverty led to mental illness but may be because  after 

suffering from mental illness, persons may become poor. 

 What the investigator starts with in such a design are the subjects who are present with a given outcome, i.e. living 

with the outcome of interest but not those who have already died because of the outcome. The possibility of 

“survivorship bias” is, therefore, high. 

 The problem of “natural selection” also remains high as in cohort study. However, it may be mentioned that if all the 

potential confounding factors (PCF) are identified and data about them has been recorded, this problem can be 

overcome to a large extent (through not completely eliminated) in a case control or a cohort study. 

  The case control design has its own advantages also. It is very good for studying the risk factors of a rare 

diseases (in contrast to a cohort design) because cases of a rare disease can be picked up from a general / specialized 

hospital. It does not need any (prolonged) follow up efforts. It is cheap and logistically simple. It becomes the method of 

choice when we are doing an initial evaluation of a hypothesis (called as “fishing expedition” in epidemiology) for “risk 

factors” and “risk markers”. It becomes a particularly good method if the exposure is not likely to change over time and 

can be objectively ascertained (e.g. blood group, race, religion, sex, seropositivity for certain infections etc). Finally, it is a 

fine method in clinical settings because the cases of the disease of interest are readily available to the clinical researcher. 

Two central issues in a case control study: One must remember that while the case control method is a very convenient as 

well as useful method in clinical research settings for the reasons explained above, there are two major assumptions which 

should hold good for the Odds Ratio, calculated as a measure of risk from a case control study, to be a valid estimate of 

risk. These 2 assumptions are: (i) that the disease / outcome being studied is not common in the population (i.e., the 

incidence of the disease or outcome being studied is not more than 5% (ii) that the controls are derived from the same 

source population that gave rise to cases. This second assumption is very important and one should meticulously examine 

that the controls she is studying are actually coming from the same source population from which cases have originated, 

otherwise the study will become biased.  

13.19. Cross-Sectional Analytical Design. In a case control design, the researcher starts by collecting a group of subjects 

who have the outcome (D+). This he does in a hospital, or to a limited extent, at large OPDs. But if a disease is mild, or has a 

marked ‘gradient’ of mild, moderate and severe cases, a large number of cases will not be admitted in the hospital and hence 

will not appear in the case control study. In fact, the mild (not admitted) cases may be systematically different from the 

serious hospitalized cases as regards the exposure itself. For example, a hospital based case control study showed a high 

association between occurrence of subsequent epileptic fits / seizures (outcome) and history of febrile fits (exposure) and 

recommended that all children developing febrile seizures be put on anti-epileptic drugs. However, a large number of 

children who develop seizures (especially mild variety) are not admitted to the hospital. Hence, a community based study 

was organized which finally showed that there is no association.  

 In such settings therefore, instead of doing a case control design, the researcher takes a “sample” of subjects from a 

‘total population’. At this point he is not aware whether the subjects are having disease or not (as compared to a case control 

study, in which at the very start the investigator is aware whether the given subject has the disease outcome (i.e., a case) or 

does not have the disease (i.e., a control). Now, the investigator examines each and every subject for the presence / absence 



of outcome (D+ or D-) and exposure (E+ or E-) at the same point of time and hence gets the four groups E+D+, E+ D-, E-D+ 

and E-D- at a given point of time. This is what we call the “CROSS-SECTIONAL ANALYTIC DESIGN”. In addition to 

those diseases that have a wide spectrum of symptoms, the design is also quite useful when the investigator wants to see for 

correlation between the parameters which are not a cause of hospitalization; e.g. if we want to see whether waist 

circumference correlates well with blood pressure we will have to do such a cross-sectional study and not a case control one. 

 This study has a major advantage over the case control study in that one is sure that the non-diseased subjects 

(equivalent to controls in a case control study) are definitely coming from the same source population from which cases of 

the disease have been diagnosed, since the researcher starts his study with a “sample” of the reference population and 

diagnoses the diseased (as well as non diseased) from this sample; hence the Odds ratio calculated from a cross-sectional 

analytic study is less likely to be biased as compared to a case control study. The disadvantage of this study is that the cost 

and efforts are much more as compared to a case control study. 

13.20. The Diagnostic Test Assessment Design.       The analytical approach for the evaluation of a diagnostic test (which 

may be a pathological / radiological / microbiological procedure or even a “set of signs / symptoms”) in diagnosing a given 

outcome (or, disease) is slightly different. Firstly, in such a study the investigator must enunciate a “gold standard” against 

which his “diagnostic test” to be evaluated, will be validated. Secondly, each and every subject must be subjected to both the 

procedures (the gold standard as well as the test under study), thereby getting 4 categories of subjects. Let us say, we are 

evaluating the efficacy of pap-smear in diagnosing Cancer of Uterine Cervix (CA Cx), the gold standard being 

histopathological examination of biopsy specimen. We will then have the following setting as shown in Table – 13.2 below: -  

Table – 13.2. : General settings and notations for a diagnostic test evaluation study 

======================================================================================== 

Result of Pap smear                               Biopsy (Gold Standard) Results     

     CACx present   CACx absent  Total  

Positive     a    b  a + b 

Negative     c    d  c + d 

Total            a + c          b + d       a + b + c + d 

Here, cell 

A = Subjects who are having the disease (+ve by gold standard) and are also identified +ve by the test under consideration 

(True positive or TP). 

B = Do not have the disease but called +ve by the test (False positive or FP). 

C = Have the disease but called –ve by the test (False negative or FN). 

D = Do not have the disease and –ve by the test (True negative or TN). 

And, 

(A + B) = Total number found +ve by test (i.e. TP + FP) 

(C + D) = Total number found –ve by test (i.e. FN + TN) 

(A + C) = Total number actually having the disease, by gold standard (i.e. FP + FN). 

(B + D) = Total number not having the disease by gold standard (i.e. FP + TN)  

 The investigator now does not work out the statistical tests for associations and risk (i.e., RR, OR, tests for difference 

in means or proportions), but something different – he works out the validity (or accuracy) of the test under consideration by 

calculating the sensitivity, specificity, positive and negative predictive values and likelihood ratios, the details of which we 

shall discuss in a subsequent unit on Diagnostic test evaluation. 

13.21. Some Special Type Of Research Designs. The various types of research described in this UNIT cover the large 

majority of the various medical research situations. They are also referred to as the “Basic Epidemiological Designs”. 



 There are, in addition to the basic epidemiological designs, certain other special types of designs which can be used 

depending on the research objectives. Broadly these special types of designs fall into 2 categories: - (a) Incomplete designs  

(b) Hybrid designs 

13.22. Incomplete Designs: In an incomplete design, the actual data points are not truly related to each other. We shall clarify 

this with a hypothetical example, in which a study was done in a large state wherein the per capita per month alcohol 

consumption in respect of 35 districts in the state was worked out from the data obtained from the revenue department and 

was correlated with the vehicular accident rates per 1,00,000 population, based on data obtained from police department and 

hospitals. The results showed a clear correlation between the increasing alcohol consumption and vehicular accidents in 

different districts, with districts showing higher alcohol sales also showing higher accident rates and vice versa. These studies 

are called “Ecological” (syn “CORRELATIONAL” studies). The above design suffers from a scientific fallacy in that the 

above correlations are NOT for individual persons (i.e. individual data points) but rather overall for districts. It is quite 

possible that within each district, persons who consume alcohol may not be really the ones who are meeting with road 

accidents and vice versa. This objection, which cannot be clarified by this study, is called “Ecological Fallacy”. For 

clarifying this issue finally, one would have to resort to one of the basic designs, e.g. a cohort study, by identifying persons 

who drink (exposed) and those who do not drink (non-exposed) and follow up these two groups forward in time to work out 

the incidence rates (and thus the RR) of road accidents in these 2 groups. Despite the above scientific disadvantage, 

ecological studies do form an important method in initial stages of hypothesis testing. 

13.23. Hybrid Designs.  As the name suggests, a hybrid design combines the methods of two or more “basic designs”, thus 

making the methodology more strong and advantageous. The outstanding example of a hybrid design is “Nested case control 

study” which combines the advantage of a cohort and a case control study (see unit on case control studies later). Another 

example is “repeated cross-sectional analytic study” in which cross-sectional survey in respect of variables of interest (say, 

smoking habits, hypertension, etc) is done on samples drawn from a population of interest at periodic intervals (say, every 2 

to 3 years), thus getting a “rough” idea of the “change” (i.e. a surrogate measure of “incidence”) that may be occurring in the 

population of interest as regards these variables of interest. 

13.24. Various Terminologies used in description of types of epidemiological / research designs. The description of 

epidemiological (research) designs is given at different places in text books and published research works according to 

different terms, are explained as follows, for a clear understanding: -  

 Prospective and Retrospective - When the researcher starts from the point that only the suspected cause (exposure) has 

occurred but the outcome (effect) has not occurred and “FOLLOWS UP” the subjects from this point to a future point 

of time, it is a “prospective” (forward looking) study. The classical examples are an experimental study, cohort study 

and longitudinal descriptive study. On the other hand if the investigator starts the study at a point when both the cause 

(exposure) as well as the effect (outcome or Disease) have occurred, and he picks up cases who have already got the 

disease or outcome, asking them about the history of exposure in the past, it is a retrospective (backward looking) study. 

The example is a “case-control” study. 

 Observational and Interventional (Experimental): - When the investigator deliberately introduces the cause or exposure 

into a group of subjects and holds another group (in which he does not deliberately introduce the cause or exposure) as 

control, it is an “Interventional (experimental)” study. As the name suggests, all intervention (experimental) studies fall 

in this group. On the other hand, if the investigator does not deliberately introduce a cause (exposure) but simply 

“observes” the natural phenomena that are already occurring, it is an “observational” study. Such observational study 

may be “descriptive” (only one group, without any comparison group is studied with a view to describe a disease or 

health related condition and to finally develop hypothesis regarding possible cause and effect relations about that 

disease). On the other hand, such observational studies may be “analytic” in which two groups are present, one of which 

serves as the comparison group and hypothesis regarding cause and effect (developed by the descriptive studies) are 

“tested”. The difference between “observational analytic” and “experimental” study is that while in the latter it is the 



researcher who deliberately introduces the “cause” (e.g. drug, vaccine, procedure or program) into one group, in the 

“observational analytic” it is not the investigator who deliberately introduces the “cause” but rather it is nature which 

does it. 

 Descriptive and Analytic: - In a descriptive study there is only one group which is studied, there being no comparison 

group. A descriptive study does not start with a particular hypothesis. It only “describes” the disease or health related 

phenomena according to person, place and time, and finally culminates with development of one or more hypothesis 

regarding cause and effect relationships about that disease. Analytic study, on the other hand, has at least 2 groups – a 

group having the exposure (or having the outcome) and another group not having it, thus serving as comparison group. 

An analytic study starts with a particular hypothesis regarding cause and effect relationship and finally culminates in 

either proving or disproving the hypothesis. Examples are case-control study, cross-sectional analytic study, cohort 

study and experimental study. Thus, all experimental studies are necessarily analytic but the reverse is not true (analytic 

studies like case-control, cohort, and cross-sectional are “observational”, not experimental). Similarly all experimental 

studies are necessarily “prospective” but the reverse is not true (cohort design and longitudinal descriptive studies are 

also “prospective” but are “observational”, not “experimental”). 

 Longitudinal and Cross-Sectional: - A longitudinal study is the same as prospective study, in that all subjects are 

“followed up” from a defined point of time till another point of time in future. The essential characteristics of a 

longitudinal study are that firstly, all subjects have to be examined at least twice (once when the study is started and at 

least once more at the end of the follow up period). Secondly, since the longitudinal study finds out how many new 

cases of the outcome or disease of interest have occurred (numerator) out of those who were initially free of the 

condition but were at risk (denominator), over a defined time period of follow-up, it gives us the incidence. In contrast 

to a longitudinal study, in a cross-sectional study the subjects are examined only once (though the cross-sectional study 

may itself be conducted over a period of time, may be one or two years). Secondly, since the subjects are not examined 

at least twice, we cannot make out how many new cases of outcome or disease of interest have occurred over a period 

of time and hence we cannot calculate the incidence. What we get in a cross-sectional study is the number of persons 

who are present with the outcome or disease at that point of time (the point of time at which they are examined), out of 

the total subjects, thus calculating the prevalence. A longitudinal study may proceed with only one group of subjects 

(longitudinal descriptive) like longitudinal surveys or may have two groups one of which serves as the comparison 

group (longitudinal analysis. i.e. cohort design and the experimental deign). Studies on natural history of a disease or 

studies which follow up natural phenomena (as plotting the weight of children starting from birth till 60 months of age) 

are classical examples of longitudinal descriptive studies, while cohort studies and interventional studies are classical 

examples of longitudinal analytical studies. Similarly, a cross-sectional study may have only one group (cross-sectional 

descriptive studies like case series, community based cross sectional descriptive studies like prevalence surveys); or else 

the cross sectional study may have two groups, one of which serves as the comparison group (cross-sectional analytic 

studies, see earlier discussions in this unit); in fact, if very fine consideration is given, then “Diagnostic test studies” 

would also fall in the category of cross-sectional analytic studies). 

13.25. The Epidemiological (Research) Cycle. From the deliberations made in this chapter it would be adequately clear that 

the sequence to be followed regarding selection of the research design (epidemiologic method) is not an arbitrary selection but 

is a scientific sequence. To start with, a research question is selected. Now, if no hypothesis already exists (i.e. the area of 

research or epidemiologic study is a new, still unexplored one) then descriptive studies are undertaken which finally give us 

one or more hypothesis regarding the etiology, risk, prevention or treatment (i.e. a “cause and effect” hypothesis) of the 

particular disease or health problem. Now, proceeding with the hypothesis, the epidemiologist conducts analytic studies to 

prove or disprove the hypothesis and also opens up further epidemiologic questions. Thus, the epidemiologic (research) cycle 

continues: -  

       



Epidemiological 

             (Research)  Question 

   

 Analytic                  Descriptive 

 Studies                  Studies 

 

      Develop 

      Hypothesis 

  13.26. Strength Of Epidemiological (Research) Designs In An Ascending Order. The intrinsic, scientific ability of an 

epidemiological (research) design to study a cause and effect relationship (i.e. the strength to test hypothesis) can be graded in 

the following ascending order. The stronger the design that has been used in developing or testing a hypothesis, the more is 

our “faith” in the results of that study: -  

1. Descriptive Studies (To develop hypothesis) 

a) Case reports. 

b) Case series and hospital based cross sectional descriptive studies. 

c) Community based cross sectional descriptive studies. 

d) Hospital based longitudinal descriptive studies. 

e) Community based longitudinal descriptive studies. 

2. Ecological (correlational) studies. 

3. Case – control studies. 

4. Community based cross sectional analytic studies. 

5. Nested Case – control studies. 

6. Cohort design. 

7. Experimental design. 

a) Quasi experimental 

b) Randomized Controlled Blinded Trials. 

13.27. How to select the correct design for our proposed research work? Before we start a research work it is of great 

importance to select the most appropriate “research design” which can best answer our research question. For doing this, the 

following is the general sequence (it is also shown in form of an algorithmic flow chart in Exhibit-13.).  

First of all, read your research question and ask yourself the following question :  Am I interested in establishing an 

association between an exposure and an outcome variable ( as, whether a particular variable is being studied for it’s role as a 

risk factor for a disease, or a prognostic marker, or a treatment / preventive modality, or else as a diagnostic or screening 

procedure), OR, whether I am only trying to describe a phenomena. If my interest is only to describe a phenomena and not to 

study any “Exposure-outcome” or “cause-effect” relationship, then I should select the “Descriptive study design”. Some 

examples of situations when we would select out the descriptive design are 

 In asymptomatic HIV positive persons, how does CD4 cell count decline over time, till death (natural history) 

 What is the proportion of cases of acute MI out of the total hospital admissions in one year in my hospital; (load of a 

disease) 

 How many new cases of measles would occur in one year among infants in the community under my health care 

(incidence of a disease) 

 How does weight change occur among new-born over the next one year of life (course of a natural phenomena) 

 How many cases of adult hypertension or smokers are there in my community (prevalence of a disease) 



The above are just a few examples; the basic consideration is that if the focus in our research question is simply to 

make a description without any intention to make comparisons (and thereby, to prove a point regarding a cause (exposure) – 

effect (outcome) relationship), then the right design for us to do is a “descriptive” study. Depending on the issue at hand, the 

descriptive study could take the lines of either a case report (description of a single report of an unusual / interesting case), a 

case-series (description of signs, symptoms or course of disease in a number of cases of the same disease), or a “cross-

sectional descriptive (describing the prevalence of a disease in a community or the percentage of some signs  / symptoms in a 

given group of patients of a disease)’ or else a “longitudinal descriptive” study (incidence of a disease or such other outcome 

in a group of subjects or patients followed up over a period of time, or natural course of a disease or natural course of a  

physiological phenomena over a course of time).  

On the other hand, if we realize that our research question intends to make comparisons with a view to analyse some 

cause (exposure) – effect (outcome) relationship, i.e., we have some “preformed hypothesis” in mind saying “this is the cause 

of that” or, “this is better than that” then our choice of research design should be out of one of the “analytical” studies. Some 

examples are 

 Risk factors: Does presence of a transverse ear lobe crease (as compared to those who do not have it) indicate an increased 

risk for developing IHD? Or, are those with waist size 90 cms or more at higher risk of IHD (compared to those with 

waist < 90). 

 Prognostic factors: Does occurrence of multi-dermatomal herpes zoster in an asymptomatic HIV positive individual 

predict an earlier death (as compared to those asymptomatic HIV positives who do not develop herpes zoster or develop 

only uni-dermatomal). 

 Preventive factors:  Does administration of oral Doxycycline to medical & paramedical persons proceeding on flood relief 

duties, be useful for preventing leptospirosis (as compared to those who are not given Doxycycline). 

 Treatment: Is laparoscopic repair of hernia better (as compared to conventional open surgery). 

 Diagnosis: Does a combination of “cold intolerance and unexplained weight gain” diagnose hypothyroidism (as compared 

to when the gold standard of thyroid function test is given).   

Now, once we have decided that we should be using analytic design, the next question which immediately comes up is 

“which analytic design”? To further proceed, ask yourself the question “Do I intend to study the effect of either a preventive 

procedure (a chemoprophylactic drug or a vaccine or sera or even a health educational measure) or else the effect of a 

treatment (a new drug or operative procedure or even a ward procedure intended to improve the clinical management). If the 

answer is yes, the only design we can use is the Experimental i.e., Intervention design. It could take the form of a clinical trial 

(RCT) or a preventive trial or else a Community Intervention trial. 

  On the other hand, if the answer to the above question is No, then ask the next question “do I intend to study a 

prognostic factor, i.e., some variable which will help me predict the course of illness. If the answer is yes, the only design 

available to me is the “Cohort” design. 

 Now, if I am neither studying the effect of a treatment nor a preventive procedure nor a prognostic factor, ask 

yourself whether you intend to study the performance of a diagnostic test (pathological or radiological procedure or even a 

clinical diagnostic rule) as to how well it would diagnose a disease vis-à-vis the gold standard. If this what your research issue 

is, then select the “Diagnostic test evaluation design”. 

Finally, ask yourself whether you intend to study the role of a risk factor (or risk marker) in causing a disease. If this 

is the issue, then you can select either of the following two designs as follows : 

 If the disease you are studying is a rare one, enough number of cases of the disease will be available at your 

hospital, and the hypothesis being tested is relatively a new hypothesis (e.g., whether using mobile phones is a risk 

factor for leukaemia) then select the “Case-Control” design. 



 If the hypothesis you are pursuing has already been tested by a few case-control studies, or the “exposure” being 

studied is a rare one, or the disease appears in a reasonably short  period of time (so that most of the subjects can be 

followed up till the occurrence of disease) and the disease itself is not a very rare one, then select the “Cohort” type 

of design. In general, Paediatric conditions, Obstetric conditions, infectious diseases etc., meet this criteria well. 

13.28. Algorithmic flow chart for selecting the most optimum research design. The step-wise algorithm for selecting the most 

appropriate research / epidemiological design best suited for our research question is presented in Exhibit – 13.1. below: 

Exhibit-13.1. :  Algorithmic flow chart for selecting the most optimum research design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Check Your Progress – 1 

1. “An association between two variables in which an alteration in the frequency or quality of one variable is followed by a 

corresponding change in the other” is known as: (a) Cause and effect relationship (b) exposure and outcome relationship (c) 

predictor and outcome variable relationship (d) dependent and independent variable relationship (e) all of the above. 

Step – 1 :  Once again read  / re-examine your research issue in detail and ask yourself the following question 

Is my interest only to describe a phenomena and not to 

study any “Exposure-outcome” or “cause-effect” 

relationship? I do not have any specific hypothesis 

regarding the cause-effect relationship between an 

exposure and an outcome as efficacy of a treatment / 

preventive / diagnostic procedure, or a risk factor 

Am I interested in establishing an association between an exposure and an 

outcome variable ( as, whether a particular variable is being studied for it’s 

role as a risk factor for a disease, or a prognostic marker, or a treatment / 

preventive modality, or else as a diagnostic or screening procedure)? Am I 

proceeding with a preformed hypothesis about a cause – effect relationship? 

Examples 

 In asymptomatic HIV positive persons, how 

does CD4 cell count decline over time, till 

death (natural history) 

 What is the proportion of cases of acute MI 

out of the total hospital admissions in one 

year in my hospital; (load of a disease) 

 How many new cases of measles would occur 

in one year among infants in the community 

under my health care (incidence of a disease) 

 How does weight change occur among new 

born over the next one year of life (course of 

a natural phenomena) 

 How many cases of adult hypertension or 

smokers are there in my community 

(prevalence of a disease) 

 

Answer is “YES” 

Do a “Descriptive Study” 

Answer is “YES” 

Select the Analytic design. Now, Ask Yourself “Am I studying the 

effectiveness of a treatment modality or a preventive procedure  

Answer is YES. You should use the 

Experimental (Intervention) design 

Ask yourself : Will I be randomly 

dividing individual subjects or “groups 

/ aggregates” of humans 

Will be 

randomly 

dividing 

individuals 

Will be 

randomly 

dividing 
“groups’ 

RCT (Clinical 

trial) or else 

Preventive Trial 

(if preventive 

modality is 

being studied 

Community 

Intervention 

trial 

Answer is NO. Now ask yourself “ Am I 

studying the efficacy of a diagnostic 

procedure or the effects of a risk factor 

or a prognostic factor? 

Diagnostic 

procedure or 

a clinical 

algorithm to 

diagnose a 

condition 

Use 

Diagnostic 

test 

evaluation 

design 

 

Prognostic 

factor 

Cohort 

study 

Risk factor 

Use either cohort or 

Case-Control or Cross-

Sectional Analytic 

design. 



2. Out of all the criteria of casual association enunciated by AB Hill, the most essential rather indispensable criteria is: (a) 

Strength of association (b) biological plausibility (c) Temporality (d) specificity (e) dose-response relationship 

3. For evaluating the role of a risk factor in causing a very rare disease, the best design would be: (a) Experimental study (b) 

Case control study (c) cross-sectional analytic study (d) cohort study (e) descriptive study 

4. For studying the natural history of a disease, the research design to be used will be: (a) Longitudinal descriptive study (b) 

Cross-sectional descriptive study (c) longitudinal analytical study (d) cross-sectional descriptive study (e) Retrospective 

analytical study. 

5. Which of the following designs is NEVER prospective : (a) Cohort study (b) experimental study (c) longitudinal descriptive 

study (d) case control study (e) Study to assess the role of prognostic factors in a disease 

Part – 3: Descriptive Studies 

 A general outline of various types of epidemiological / research designs has already been provided in earlier parts of 

this unit. We will now take up a detailed discussion on the planning, design, conduct and analysis of Descriptive Studies. 

13.29. Definition of Descriptive Study. A descriptive study can be defined as one in which only one group of subjects are 

studied, without any comparison group, for describing the outcome or health related phenomena according to its frequency or 

such other summary figures (as mean or median), and its distribution according to selected variables related to person, place 

and time. It does not start with any particular hypothesis, but at the termination of such study, it may finally forward tentative 

guesses (hypotheses) about the possible causal role of certain factors in the outcome of the interest, but does not confirm such 

causal role because of the absence of a comparison group. 

13.30. Characteristics of a Descriptive Study. With the above definition, the characteristics of a descriptive study can be 

enunciated as follows: - 

a) They do not proceed to test a “pre-formed hypothesis” regarding an association between a particular exposure and an 

outcome. 

b) The study is done only on one group of subjects; there is no comparison group. 

c) The study proceeds, as its main objective, to “describe” the “mean value” of a health related condition, or a 

“proportion” (i.e. incidence or prevalence of a disease or health related condition) or, the natural history of disease or 

a health related phenomena; and in addition, the study also intends to describe the “distribution” of such means, 

proportions or natural progress of health related phenomena, according to variables related to “person” (e.g. age, sex, 

blood groups, etc.). “Place” (e.g. residential area) and “time” (e.g. seasons). 

d) Having described the means / proportions / progression of health related phenomena and the “distribution” of these 

health problems according to various characteristics of person, place and time, a descriptive study culminates by 

making suggestions / hypotheses about certain “cause and effect” relationships which can be further tested by 

analytical studies. 

13.31. Essential differences between a descriptive and an analytical study. It is important, at this juncture to understand the 

difference between a descriptive and an analytic study. The difference is, at times, so fine that it leads to confusion. The 

essential differences between descriptive and analytical studies are shown in Table – 13.3. below:  

Table – 13.3. Differences between descriptive and analytical study. 

 DESCRIPTIVE      ANALTTICAL 

1. Only one group is studied    1. At least 2 groups are studied for  

making comparison regarding association between an  

exposure and outcome. 

2. At the start of the study, there is no   2. At the start of the study there is a  

 Explicit hypothesis regarding cause-effect   definite hypothesis regarding an exposure 

 Relationship.        causing the outcome of interest. 



3. The study ends with development of   3. At the end of the study, it confirms or 

 possible hypotheses regarding cause and effect  rejects the hypothesis with which it 

 relationship but does not confirm or reject   started. 

 such hypothesis. 

 

13.32. Illustration of descriptive study with an example. Let us take the example of “essential hypertension”. In this area of 

broad interest we can proceed with the descriptive study design as follows: - We will take a sample of subjects from the 

general community or from our hospital OPD. We will now measure the blood pressure of the subjects (selected by a 

probability sampling method) by standard techniques and identify those who are having hypertension. We will also record the 

data on these subjects as regards age, sex, educational status, alcohol drinking habits, dietary habits and so on (i.e. selected 

variables to describe the person, place and time related distribution). Subsequently, we would analyze the data as follows: -  

a) Frequency of the outcome (i.e. hypertension): in terms of “prevalence” 

Prevalence    = 
No. of hypertensives detected 

X 100 
Total number examined 

     =  {(88) ÷  (1000)}X 100 = 8.8% 

 

b) Distribution of the outcome of interest: according to person, place and time related variable eg, 

  ======================================================= 

  Age group            No. of Hypertensive 

  ======================================================= 

  < 35 years    10 (11.36 %) 

  35 – 50 years    32 (36.36 %) 

  > 50 years    46 (52.26 %) 

  ======================================================= 

   Total    88 (100 %) 

  ======================================================= 

  ======================================================= 

  Sex 

  ======================================================= 

  Males     47 (53.41 %)  

  Females     41 (46.59 %) 

  ======================================================= 

   Total    88 (100 %) 

  ======================================================= 

  ======================================================= 

  Place of residence 

  ======================================================= 

  Urban    45 (51.4 %) 

  Rural    43 (48.86 %) 

  ======================================================= 

   Total   88 (100 %) 

  ======================================================= 

  ======================================================= 



  Drinking habits 

  ======================================================= 

  Drink alcohol    62 (70.45 %) 

  Teetotalers    26 (29.55 %) 

  ======================================================= 

   Total    88 (100 %) 

  ======================================================= 

Having described the “distribution” of the outcome of interest according to various variables related to person, place and time, 

we would make certain “guess works” as  

i) Hypertension is likely to be related to higher age since large percentages of hypertensive are from higher age groups. 

ii) Hypertension is also likely to be related to alcohol consumption since a large majority (more than 70%) of the 

hypertensives give history of alcohol consumption.   

iii) Hypertension is not likely to be related to sex or place of stay (rural / urban) since the percentage of males and 

females, or rural / urban dwellers, is almost the same among hypertensive. 

Now, the above conclusion gives us strong suggestions about the possible causal role of age and alcohol consumption; in other 

words, we have developed “hypotheses” regarding such cause and effect relationship. However, this is not the end of it – our 

point is not yet proved. So what if 70% of hypertensive drinks alcohol? Even 70% of normotensives may also be drinking 

alcohol – in such an eventuality the hypothesized casual role of alcohol in hypertension will not be proved. Therefore, for 

proving (or disproving) this point, we will have to carry this hypothesis (developed by our descriptive study), on to another 

type of study – the analytical study in which we will make comparisons as follows: -  

a) Either we will take up hypertensives and compare them with normotensives as regards alcohol consumption. This can 

be done by the case control or else by the cross sectional analytical method. 

       OR 

b) We will pick up a sample of alcohol consumers (presently normotensive) and other sample of teetotalers (presently 

normotensive) and follow them up for a reasonable period of time, to see the incidence of hypertension in each group. 

This is the cohort design. 

  Apparently, the commonest source of confusion, arises between a “Cross-sectional descriptive” (the above 

example of hypertension was of this typology) and a “Cross-sectional analytic study”; or else between a “longitudinal 

descriptive” and “longitudinal analytic (i.e. cohort)” type of studies. The differences are clarified as follows: -  

13.33. Cross – sectional descriptive and cross sectional analytical study. The above example of hypertension was that of a 

cross sectional descriptive study. It was cross sectional since all subjects were examined only once at a given point of time and 

not at least two times (as happens in a longitudinal study). Again it was “descriptive” since only one group (with the outcome) 

was studied.  Let us say, we had examined a sample of 1000 subjects, in the community and obtained 88 hypertensive 

mentioned above. Thus, at the same time we would have got 912 normotensives. Now, we could have simultaneously 

collected the data on various variables like age, sex, drinking and smoking habits etc. from all the subjects (hypertensive as 

well as normotensive). Thus, we would have got 2 groups – hypertensive and normotensive, and we could have compared the 

two groups as regards various variables hypothesized to be having a causal role, e.g. as shown in Table- 13.4. below: 

Table-13.4. : Distribution of subjects according to blood pressure status and alcohol consumption status 

Alcohol     Hypertensive   Normotensive   Total   

Consumption      

Drink     62 (70.45 %)   291  (31.91 %)   353 

alcohol 

Teetotalers   26  (29.55 %)   621  (68.09 %)   647 



Total    88  (100 %)   912  (100 %)   1000 

 And, finally, we could have drawn conclusions about the hypothesized role of alcohol in hypertension, by making 

comparisons between hypertensives and normotensives as regards alcohol consumption habits. This is a classical “population 

based, cross – sectional analytical study”. 

13.34. Longitudinal descriptive versus longitudinal analytical study.  Let us say we take a sample of 100 newborn, low birth 

weight babies and follow them up for 1 week (perinatal period) while they are admitted to the special care nursery. We will 

record the data on various person, place and time related variables for these children (e.g. birth weight, type of delivery, 

nutritional status and economic status of mother, season etc). Finally at the end of 1 week, as well as in between, we will 

examine these children for death or development of any other disease. We would then describe our data in respect of various 

person, place and time related variables, as shown in table – 13.5. below 

Table-13.5. : Showing results of 7 days follow up of children born with low birth weight.  

 ===================================================== 

 Health status of new born   Number of newborns who were  

 Over one week      born with low birth weight (LBW) 

 ===================================================== 

 Died       30  (30 %) 

 Had Infections but     35   (35 %) 

 Survived 

 Did not have      35  (35 %)  

 Infections 

 ===================================================== 

  Total      100  (100 %) 

 ===================================================== 

 We will finally develop the hypothesis that possibly low birth weight is a cause of poor perinatal survival. However, 

to prove (or disprove) this hypothesis we will have to take another group for making comparisons by following up another 

group of normal birth weight babies for 1 week and comparing the two groups for perinatal death. Thus, the former (in which 

we had only one group of L B W children who were followed up) is a longitudinal descriptive study while the latter (in which 

a comparison group was also present in the follow up) is a longitudinal analytical (i.e. a cohort) study.  

13.35. Types of descriptive studies.  Descriptive studies are of the following types: -  

a) Case reports and case series: - This type of study is based on reports of series of cases of specific treated or untreated 

condition without any specific comparison (control) group. In addition to describing the signs, symptoms or 

pathophysiological parameters in the series of patients, we may also work out “proportions” (e.g., percentage of cases that 

belong to a particular age group, sex, ethnic group etc.). However, we must remember that these proportions do not indicate 

risk since the denominator is still the number of cases and not the population at risk, e.g., in a case series of Sexually 

transmitted diseases (STD), we may find that 80 out of 100 cases (80 %) belong to a particular community. This should not 

be interpreted as that the risk for that particular community of getting STD is very high, since this may have happened 

because the particular community may be, as such, forming 80 % of the total population. This aspect must be kept in mind 

since it has been a common source of confusion and misinterpretation in medical literature. 

b) Cross sectional descriptive studies: - Such descriptive studies are done on a sample of the total population and may be 

community based or hospital based. They are mainly directed to work out the:-   

i) “Prevalence” of a factor of interest (e.g. prevalence of leprosy among general population, i.e., community based, or 

prevalence of nosocomial infection in renal units, i.e., hospital based). 



ii) “Mean” of a factor of interest (e.g. Hb% level in ladies in the community; or serum protein levels among patients 

admitted with open pulmonary TB). 

iii) Description of a “Pattern” (eg., pattern of antibiotic prescription in an Acute Medical Ward; or knowledge, attitudes 

and practices regarding contraceptives in a community). 

iv) As a surrogate for longitudinal descriptive studies: say, for weight charting of  children from birth till 5 years age, on 

a monthly basis, ideally, we should collect a group of (say 1000) children born recently, and follow them up for next 

5 years, recording their weight every month. This is the ideal, but often a difficult way (this is precisely an example of 

a longitudinal descriptive study).To overcome the problems of follow up, what we can do is that we can take a “cross 

sectional” sample of say, 100 children each of ages 1, 2, 3, ----- 60 months and weigh them; the average weights for 

each month could be used for making a growth chart as would have been done by a longitudinal study. Excellent and 

easy though it may look, the method has a flaw. The children whom we take up in such a study at different age groups 

are the ones who have survived to this age. It is quite possible that malnourished (under-weight) children might have 

been dying progressively more, and not reaching the next month of age. If this were true, the chart based on cross 

sectional study would show higher mean values as compared to a (more correct) chart based on longitudinal 

descriptive study. 

 In addition to describing the parameters (i.e. prevalence, mean or pattern) we would also study the 

distribution of such parameters according to various characteristics of person, place and time and then make certain 

hypothesis about causal association, which can be proved by analytic studies; if we find that 80% of nosocomial 

infections are occurring in a particular ward, we may form a ‘hypothesis’ that the infection control precautions like 

hand washing by nursing staff are poor in that ward; and we may then proceed to test this hypothesis by analytical 

studies. 

 In addition to developing hypothesis about causal association, cross sectional descriptive studies are of much 

value in assessing the load of disease, needs, resources, patterns of health utilization and knowledge / attitudes, and 

hence are of considerable importance for the health and hospital administrators, for the purpose of planning and 

evaluation of services. They also help in identifying the ‘target groups’, i.e. groups which have a high prevalence of 

disease or health related conditions (as high prevalence of alcoholism; low level of knowledge etc.) so that health care 

efforts can be directed accordingly. 

13.36. Case Series Vs. Hospital based Cross-sectional descriptive studies.  The distinction between a “case – series” and 

a “hospital based, cross sectional descriptive study” is also a very fine one. Let us say, we want to take up the issue of “HIV 

positivity in Herpes Zoster” as a descriptive study. Now, in a case – series we will keep taking up “all cases of Herpes Zoster 

who are HIV positive”, as they keep coming to our wards or OPD, keep collecting the information from them as regards the 

selected person, place and time related variables, and finally describe the cases according to these variables, e.g. we may 

describe the age distribution of our cases as shown in table-13.6. below: 

   Table-13.6. : Showing distribution of cases of herpes zoster with HIV, according to age 

   ========================================= 

   Age    Herpes Zoster Patients 

   Group (year)            with HIV positivity 

   ========================================= 

   35 – 44     18  (60 %) 

   45 – 54     8   (26.7 %) 

   >  55    4   (13.3 %) 

   ========================================= 

           Total   30  (100 %) 

   ========================================= 



 The above is a description of age distribution of HIV positives among Herpes Zoster patients. This is classically how 

a “case series” presents its findings. In does give a strong hypothesis that younger age may be associated with HIV positivity 

among Herpes Zoster patients. However, this presentation has a catch point which must be understood. It is quite possible that 

a large majority (60%) of the subjects described here, were from age group 35 to 44 years simply because the total number of 

Herpes Zoster patients in that age group were much more. In other words, the percentages (60%, 26.7% etc.) presented in a 

case series are not really true prevalence since they are not related to a true denominator; in fact they are calculated out of a 

figure (30 in this case) which itself should have been in the “numerator” for calculating the overall prevalence (of HIV 

positivity among Herpes Zoster). Such analysis is, therefore, often referred to as “numerator analysis”. 

 Now let us see how we would have dealt with the same issue if we were doing a hospital based, cross sectional 

descriptive study. We would have taken all the patients of Herpes Zoster (or a representative sample of them), did a serological 

testing and presented our result as shown in table- 13.7. 

Table-13.7. Distribution of herpes zoster patients according to age and HIV sero-positivity status 

Age group       Herpes Zoster Patients 

(Years) 

    Total tested  Positive for HIV  (c) as a % out of (b) 

 a)     b)   c)    d) 

35 – 44     20   18    90 % 

45 – 54     30   8    26.7 % 

> 55     50   4    8 % 

        Total           100   30    30 % 

 You would be able to make out the difference now. In the present hospital based cross sectional descriptive study, the 

cases of HIV positivity among Herpes Zoster (the “target condition” of interest in this study) have been related to a proper 

denominator base, by calculating the true “prevalence” of HIV positivity among Herpes Zoster patients according to the 

specific age groups. You can also make out the difference in percentages that have occurred (90%. 26.7% and 8% presently as 

compared to 60%, 26.7% and 13.3% in the case series). At this point one may carry the analysis further by “comparing” the 

two groups formed out of the Herpes Zoster patients (HIV +ves and –ves) as shown in table-13.8. below: 

Table – 13.8. : Distribution of herpes zoster patients according to HIV sero-status and age 

======================================================================================== 

Age group     Herpes Zoster Patients    Total 

(Years) 

     HIV +ve   HIV –ve 

35 – 44     18  (60 %)   2  (2.9 %)   20 

45 – 54     8   (26.7 %)   22 (31.4 %)   30 

>  55    4   (13.3 %)   46 (65.7 %)   50 

         Total   30  (100 %)   70 (100 %)   100 

 We can do a chi-square test in the above situation, as explained in earlier units. However, the important point to be 

noted is that while such “limited analysis” on the lines of hypothesis testing is quite possible in a cross sectional descriptive 

study (and it is often done), the study does not become a cross sectional analytic study for the basic reason that the study did 

not at all start with a specific hypothesis (that age is associated with HIV positivity in Herpes Zoster patients), and for this 

reason the entire planning and conduct of the study (including calculation of sample size and sampling techniques) were 

basically for a cross sectional descriptive study. Such “limited analysis” from a cross sectional (or, longitudinal) descriptive 



study only “strengthens” our hypothesis that we are developing from such a study but does not finally prove or disprove it; for 

“testing” this hypothesis we would have to go on to conduct a fresh, analytical study. 

13.37. Longitudinal descriptive studies: - In contrast to a cross sectional descriptive study, a longitudinal descriptive study 

follows up a single group of subjects over a defined period of time. These studies are more scientific then cross sectional ones 

but at the same time more costly and time consuming. These studies are undertaken for the following general objectives: -  

a) To see the incidence of a disease (e.g. the incidence of poliomyelitis among children in the community or the 

incidence of acute glomerulonephritis among children admitted in hospital for acute sore throat). 

b) To describe the ‘natural history of a disease’ (e.g. the clinical progression of cases of AIDS in hospital; or the 

progression of cases of viral hepatitis in a community). 

c) To describe a health related natural phenomena (e.g. the examples of weight charting of children given earlier). 

d) To study the ‘trend’ of a disease (e.g. to see whether the incidence of TB is rising or falling in a community). 

e) To study the ‘trend of a health related phenomena (e.g. to see whether the blood pressure of children from well to do 

families rises progressively; or whether the level of knowledge regarding prevention of AIDS is rising, falling or 

remaining stationary). 

 The basic difference between a cross sectional and a longitudinal descriptive study can be appreciated by the essential 

difference that in a cross sectional study the researcher examines every subject only once; while in a longitudinal study each 

subject is examined at least twice. For this reason, a cross-sectional study gives us the “prevalence” while a longitudinal study 

gives us the “incidence”. 

 Like their cross sectional counterpart, longitudinal descriptive studies can be hospital based or community based. For 

example, we may take a sample of patients of Hepatitis-B from our wards and follow them up for 1 month to see how the 

signs/symptoms progress (natural history) or the “incidence” of a particular complication (as acute fulminant necrosis) out of 

these patients, or the change in average value of a continuous variable (e.g. the change in mean values of SGOT & SGPT, over 

1 month). We can also do a longitudinal descriptive study in the community by selecting a sample of community members, 

finding out the cases of hepatitis among them and following them up; or more broadly, we may select a sample of the 

community initially susceptible to hepatitis-A, and follow them up for say 2 to 3 years to see how many develop hepatitis-A. 

The main point that the epidemiologist as well as any medical researcher must keep at the back of his mind is that (as earlier 

explained in cross sectional descriptive studies), community based studies will give a much clearer and unbiased view of the 

natural history of a disease since hospital based studies will always suffer from the bias which is related to hospitalization 

(mild cases will not be admitted; those who cannot afford to come to hospital will not be admitted; and so on). For this reason 

the hypothesis developed from hospital based longitudinal, or cross-sectional, descriptive studies should be, as far as possible, 

strengthened by undertaking a community based study. 

 As we said earlier, in all descriptive studies, the investigator ‘describes’ the “distribution” of the parameter of interest 

according to various factors related to person, place and time. The list of such factors would be unending and they are best 

decided by the investigator who is doing the study. However, in general, the following variables are often used to provide an 

idea of the distribution: -  

a) Person related: - Age, sex, ethnic group, religion, social class, income, education, occupation, marital status, tobacco 

use status, personality type, birth order, parity, family size, birth interval, maternal age, various biochemical factors as 

blood sugar, serum cholesterol, and so on and so forth. 

b) Place related: - International differences, national and regional differences, local differences, place of residence, place 

of work, rural urban differences, differences in natural habitat (as between desert areas, hilly areas and jungle areas).. 

c) Time related: - Day to day changes; seasonal changes; cyclical changes (over 2 to 5 years cycles); secular changes 

(over very long periods as decades); epidemic patterns (as common vehicle or propagated types). 

13.38. Steps in designing a descriptive study. When undertaking a descriptive study, one needs to go sequentially as per the 

following steps: 



1. Write down your research question and its background significance (e.g. seropositivity of HIV among voluntary blood 

donors at a blood bank). 

2. What are the variables you want to study? 

a) Main variables: - Name one or two variables which are of most interest to you, e.g. HIV seropositivity; any 

other STD. 

b) Other variables of secondary interest: - which you would like to study in addition to the main interest 

variables. Try to limit these to not more than 3 to 5 (e.g. other chronic diseases). 

c) What are the variables related to person, place and time according to which you will describe the 

“distribution” of the “main” and “secondary interest” variables: -  

i) Person related: - e.g. age groups (less than 20, 20 – 30, 30 – 40, more than 40); sex; socio-economic 

status; occupational status; history of needle sharing; marital status; frequency of visits to CSW; use of 

condoms; knowledge about HIV and STD etc. 

ii) Time related: - e.g. month wise detection of cases out of total tested. 

iii) Place related: - e.g. residence wise rural – urban differences of cases.    

3. Specify the ‘scales’ of measurements: - In respect of the each of the main variables & secondary variables and those 

person / place / time variables on which “distribution” is to be described; i.e., whether on continuous / discrete / ordinal / 

dichotomous / polychotomous scales. 

4. Define the ‘total’ and ‘actual’ (study) population: - For example, in the above study, the total population would be the 

voluntary blood donors in the country, while the actual (study) population would be voluntary blood donors in large 

hospitals in a particular district. 

5. Calculate the sample size and specify the sampling procedure: - Sample size is calculated by specifying the ‘p’, (or X 

and SD), in respect of the main study variables and the acceptable deviation (d). (Refer to Unit -12 on sample size and 

Unit-2 on sampling methods). If there are more than 1 main study variable, calculate size in respect of all the main 

variables and study the largest calculated sample size.  

6. Explicitly state any specific ‘inclusion’ or exclusion criteria: - E.g. you may make an exclusion criteria as “female blood 

donors will be excluded”. 

7. Give a detailed thought to your methods of ‘measurement’ and how you will obviate bias &ensure validity and 

reliability: Refer to Unit on measurement errors, bias and confounding, for details. Preferably, write down entire 

methodology in a small “operations manual”. For example, write down specifically as to how blood samples will be 

collected and the laboratory steps for testing these samples for HIV or other infections. 

8.  Pilot study: -  Do a pilot study on about 5% to 10% of the total sample size for pretesting your instruments and 

techniques and refine your methodology. Meet the relevant administrative authorities and seek their permission / 

clearance to do the study.  

9. Conduct the data collection: - Explain your study to the subjects; assure confidentiality; take informed consent. 

10. Organize data management: - Transfer the data recorded on the individual proformae to master charts and if computer is 

available, from master chart to a standard computer package. Do not wait for the study to be completed before 

transferring the data to master chart and computer. Do this as a continuing process, say once a week. Meticulously check 

the performae / master charts for any missing data and get back to the subjects to get the information that is missing.  

11. Analyse the data: - Analysis of data in a descriptive study should be very clear, simple and appropriate. The following 

steps are generally undertaken: 

A) Calculate the “summary statistic” to describe the condition” – Depending on the scale on which the “target condition” 

is being measured, the “summary statistic” would be 

i) If the target condition is measured on “qualitative” scale: - The summary statistic would be a proportion, 

(percentage, if multiplied by 100). For example, in the hypothetical example we are discussing, it would be 



“percentage of HIV sero-positives among blood donors”. This proportion would be “prevalence” in case of a cross 

sectional descriptive study and “incidence” in case of longitudinal descriptive study. 

ii) If target condition is being measured on numerical continuous or numerical discrete scale: - For example, we may 

be trying to describe the serum LDL among patients of IHD (continuous variable) or number of children in various 

households (discrete). In such exigencies we will calculate the “mean” and standard deviation (SD). In addition, 

data on continuous and discrete variables can also be “categorized” into groups, to make frequency distribution 

tables.  

iii) If target condition is measured on numerical – ordinal scale: - E.g. we may be describing the APGAR score of 

children born in our hospital. The summary statistic in such cases will be the median and Range.  

B) Calculate the 95% confidence intervals: - The details of calculation of 95% CI have been explained in an earlier unit. 

The 95% CI of the “proportion” (incidence or prevalence) or 95% CI of the “mean”, as mentioned above should be 

calculated to give an estimate of the range in which the “reality” in the total, reference population is likely to lie. 

C) Describe the data according to the selected variables related to person, place and time: - This is a very important step 

as it is crucial for drawing conclusions and developing hypotheses. The key word is to make sensible “subgroups” of 

selected person, place and time related variables and calculate “subgroup specific summary statistic” for these 

selected variables. Let us say, age was one of the selected person related variable in our descriptive study. Now, 

depending on the research question and scale of measurement of the target condition, the “age-specific” summary 

statistic could be as per the following examples (Tables-13.9. to 13.10.). 

Table-13.9. : Distribution of cases of Paralytic Polio-myelitis according to Age: -  

   ======================================== 

   Age Group   Number of Cases 

   ======================================== 

   <    1 years   12  (6.98 %) 

   1 – 2 years   87  (50.58 %) 

   3 – 4 years   62  (36.05 %) 

   >    4 years   11  (6.39 %) 

   ======================================== 

   Total    172 (100 %) 

   ======================================== 

Table-13.10.: Distribution of Serum bilirubin levels in patients of viral Hepatitis according to age: -  

   ===================================================== 

   Age Group  Number of Patients  Serum Bilirubin 

          Mean  SD 

   ===================================================== 

   <    15 years   41   6.2  1.78   

   15 – 24 years   21   5.8  2.09   

   25 – 34 years   16   5.3  1.64 

   >    35 years   11   8.7  3.21  

  ===================================================== 

   Total    89   6.3  2.01 

   ===================================================== 

 Similarly, for a place related variable like “area of residence”, we can make the following table: -  

Table-13.11.: Distribution of cases of STD according to area of residence 

   ======================================== 



   Age of residence  Number of Cases of STD 

   ======================================== 

   Rural    13  (11.11 %) 

   Urban    48  (41.03 %) 

   Slum    56  (47.86 %) 

   ======================================== 

   Total    117 (100 %) 

   ======================================== 

And, for a time related variable, like “season”, we can make the following table: 

 

Table-13.12.: Distribution of cases of Asthma according to season 

   ======================================== 

   Seasons   Number of Cases of Asthma 

   ======================================== 

   Winter    37  (16.97 %) 

   Spring    107  (49.08 %) 

   Summer    11  (5.05 %) 

   Monsoon   27  (9.63 %) 

   Autumn    42  (19.27 %) 

   ======================================== 

   Total    218  (100 %) 

   ======================================== 

d) Describe the data according to graphical methods like Bar diagram, histogram, line-diagram, spot map etc. 

Intelligent use of the various graphical and tabular methods, as described in an earlier unit on “tabular and 

graphical presentation of data”, must be made to describe the distribution of the target condition, according to 

selected variables related to person, place and time. 

12. Draw conclusions: -  See the statistical findings against the light of your clinical / healthcare experience and draw 

conclusion and recommendations. Write down only the conclusions and recommendations that you have actually studied and 

not the ones that are simply based on your imaginations / assumptions. Finally, suggest one or more hypotheses that emerge 

out of your findings of the descriptive study, so that they can be tested by further analytical studies. 

Check Your Progress – 2. 

6. Which of the following is NOT true for descriptive studies: (a) They start without any specific hypothesis (b) They study 

only one group of subjects (c) At the end of the study we either prove or disprove the hypothesis which was being tested (d) 

The do not make comparisons between two or more groups (e) Analysis involves description according to person, place and 

time related variables. 

7. Which of the following is calculated during analysis of findings of a descriptive study studying the prevalence and 

distribution of raised blood pressure among adults in a rural area: (a) Distribution of subjects according to age groups (b) Odds 

Ratio (c) Efficacy of health educational measures to reduce raised blood pressure (d) Relative Risk (e) Numbers needed to 

treat persons with raised blood pressure with a new drug. 

8. Which of the following is a “place related variable” of subjects studied in a descriptive study on malaria: (a) distribution 

according to age group of subjects (b) distribution according to rural or urban residence (c) according to the month in which 

the symptoms occurred (d) according to economic status of patients (e) according to the blood group of patients. 

9. Which of the following is NOT a descriptive type of study: (a) Case report (b) Case series (c) Case control study (d) survey 

regarding knowledge about AIDS in a community (e) study of natural history of tuberculosis. 



10. Which of the following is a time – related description in a descriptive study on the epidemiology of cholera: (a) epidemic 

curve showing dates of occurrence of cases (b) spot map showing place of residence of cases (c) histogram showing age 

distribution of cases (d) pie diagram showing distribution according to gender (e) Bar diagram showing socio-economic class 

of the patients 

13.39. Summary. 

13.39.1. The sequence in logical deduction in epidemiological and medical research work takes the linear path of firstly, 

developing appropriate research questions, studying a disease or phenomena of interest to describe the phenomena and to 

generate hypothesis regarding a suspected cause and its postulated effect, followed by undertaking comparative (analytical) 

studies to test the hypothesis so developed, comparing two or more groups and finally accepting or rejecting the hypothesis. It 

therefore becomes essential to understand the scientific sequence of logic which underlies the proving (or disproving) of the 

“cause and effect relationship” (or the exposure and outcome association). Once a research / epidemiological study has been 

conducted on a given question, one has to first of all evaluate as to whether the study was “valid” (i.e., whether it was executed 

by means of accurate methodology and was free of bias). Once the validity of the study, in terms of the correct type of subjects 

studied, the correct methods of measurements and freedom from selection or measurement bias has been conformed, we say 

that the study has internal “validity”. The next step is to see as to how much is the probability of the results having occurred 

simply due to “chance”, i.e., whether the results are statistically “significant”. In addition, if the results are statistically not 

significant, one also needs to evaluate whether they have come out to be “non-significant” simply because of “low power” 

consequent to a small sample size. The next step is to assess whether the association, though valid and statistically significant, 

may have occurred because of indirect associations, i.e.,, due to confounding. Once we have assured that the observed 

association is not due to confounding (or else, even if confounding was there, its effect has been adjusted statistically, in the 

analysis), we proceed for the final assessment of the cause and effect relationship on the basis of criteria, enunciated by the 

noted Biostatistician, Sir A B Hill. There are a total of 10 criteria, out of which three are very important, almost essential for 

proving a cause and effect relationship. These are : (a) temporality, i.e., it should be reasonably shown that the hypothesized 

cause preceded the postulated effect (b) strength of association : the larger the value of RR or OR (i.e., farther the RR or OR is 

from the value of 1), stronger is the association and more is our faith in the existence of such association (c) consistency : the 

cause and effect relation has been shown consistently by various studies conducted in different populations, ages, genders and 

at different times. 

 Once we have understood the scientific sequence and logic in developing a cause and effect relationship, the next 

issue is to have a broad understanding of the various types of research (or epidemiological) “designs” that are available to us 

for executing our proposed study. They are known as epidemiological (research) “design” or “typology” or “method” or 

“architecture”. Broadly, they may be descriptive studies in which we do not proceed with any preformed hypothesis but rather 

study only one group of subjects with a view to describe a disease or any other health related phenomena of interest in terms of 

its frequency (incidence or prevalence) and its distribution according to various variables related to person, place and time. At 

the end of a descriptive study we generate one or more hypotheses, which we need to prove or disprove by subsequent 

analytical studies. On the other hand, analytical studies start with a specific hypothesis, proceed by assembling and comparing 

two (or more) groups of subjects (a group with the exposure and another without it; or else, a group already having the 

outcome and the other not having the outcome). At the end of the analytical study, findings are analysed by statistical 

procedures of hypothesis testing as well as calculation of the magnitude of the effect (in terms of Relative Risk or Odds Ratio) 

and we finally accept or reject the hypothesis. Broadly, analytical studies can be either “interventional” (also called 

“experimental” studies) in which the epidemiologist deliberately divides a group of subjects into two, intervenes by giving the 

exposure to one group and with-holding it from another group and thereafter follows up the two groups to comparatively 

analyse the occurrence of outcome in the two groups. The most classical example of this type of design is the “clinical trial”. 

Interventional studies are ideal, rather essential, for studying the efficacy of a treatment (as a drug, surgery, or any other 

therapeutic procedure) or the efficacy of a preventive measure (as efficacy of a vaccine, chemo-prophylactic drug or any other 



preventive procedure as use of helmets, etc.). The other type of analytical studies are “observational” in which the investigator 

does not create the two groups but it is the nature which itself creates the two groups – one already having the exposure and 

the other not having it or else, one group already having the outcome and the other not having it. These are respectively, the 

cohort design and the case-control design. These studies are not used for assessing the efficacy of any treatment or preventive 

procedure but ideal for study of risk factors of a disease. 

 Part-3 of this unit has dealt with the details of the steps involved in planning, designing, conduct and analysis of a 

descriptive study. Hypothetical examples have been provided to make the details understandable. The process starts with the 

development of a research question. If analysis of the research question reveals that our aim of research is not to test any pre-

formed hypothesis regarding any “cause-effect” relationship but rather it is to simply describe the magnitude and distribution 

of a disease or any health related phenomena, then we select the “descriptive study design”. We again make an explicit 

statement of our research question and state the main outcome variable (which is the disease or the health phenomena which 

we want to describe). We also explicitly state the various variables on which we want to describe the outcome, according to 

selected person, place and time related variables and which we will measure in our study. The appropriate sample size is 

calculated and the required sample is collected using a probability sampling technique from the defined reference population. 

The correct process of making measurements of the main outcome variable and the various selected descriptive variables 

(related to person place and time) is spelt out and checked whether it conforms to the laid down, accepted, reliable and valid 

techniques. The data is thereafter collected and the results analysed to work out the frequency of the main outcome variable 

(i.e., the disease or phenomena of interest) in terms of incidence, prevalence, mean or median. Similarly the distribution of this 

main outcome variable according to selected variables related to person (as age, sex, education, nativity, biochemical 

parametres, etc.), place (as place of residence, place of work, etc.) and time ( as date / time when disease occurred) are also 

worked out and presented as means or proportions and their 95% Confidence Intervals. Finally, based on the descriptions 

according to person, place and time variables, one or more hypothesis regarding a cause and effect relationship may be 

developed, which may be subsequently analysed by analytical studies. 

13.40. Glossary. 

 Cause & Effect Relationship. An association between two variables in which an alteration in the frequency or quality 

of one variable is followed by a corresponding change in the other. Also known as “Exposure – Outcome 

Relationship”, “Exposure – Disease Relationship” “Independent variable – Dependent variable Relationship”, and 

“Predictor variable – Disease Relationship”.  

 Cause Variable. It is also synonymous with the terms “exposure”, “predictor” and “independent” variable. It stands 

for the particular variable which is hypothesised to be the cause of an outcome or disease, e.g., in the hypothesis that 

tobacco chewing leads to cancer of mouth, tobacco chewing is the “cause” variable. 

 Effect Variable. It is also synonymous with the terms “outcome” “disease” and “dependent” variable. It stands for the 

particular variable which is postulated to result due to the hypothesised “cause” variable, e.g., in the hypothesis that 

tobacco chewing leads to cancer of mouth, cancer of mouth is the “effect” variable. 

 Temporality. It refers to an association in terms of time. For a cause and effect relationship to hold good, it has to be 

shown that the hypothesised cause occurred before (i.e., preceded) the postulated effect, e.g., in the hypothesis that 

tobacco chewing leads to cancer of mouth, it should be reasonably shown that subjects started chewing tobacco 

before they developed cancer of the mouth. 

 Prospective studies. When the researcher starts from the point that only the suspected cause (exposure) has occurred 

but the outcome (effect) has not occurred and thereafter “FOLLOWS UP” the subjects from this point to a future 

point of time, it is a “prospective” (forward looking) study. The classical examples are an experimental study, cohort 

study and longitudinal descriptive study. 



 Retrospective studies. If the investigator starts the study at a point when both the cause (exposure) as well as the 

effect (outcome or Disease) have occurred, and he picks up subjects who have already got the disease or outcome, 

asking them about the history of exposure in the past, it is a retrospective (backward looking) study. The example is a 

“case-control” study. 

 Interventional Studies: - When the investigator deliberately introduces the cause or exposure into a group of subjects 

and holds another group (in which he does not deliberately introduce the cause or exposure) as control, it is an 

“Interventional (experimental)” study. As the name suggests, all intervention (experimental) studies fall in this group, 

the most classical example being clinical trials. 

 Observational studies. If the investigator does not deliberately introduce a cause (exposure) but simply “observes” the 

natural phenomena that are already occurring, it is an “observational” study. Such observational study may be 

“descriptive” or “analytic”. 

 Descriptive studies. In a descriptive study there is only one group which is studied, there being no comparison group. 

A descriptive study does not start with a particular hypothesis. It only “describes” the disease or health related 

phenomena according to person, place and time, and finally culminates with development of one or more hypothesis 

regarding cause and effect relationships about that disease. 

 Analytical studies. Analytical study is one which has at least 2 groups – a group having the exposure (or having the 

outcome) and another group not having it, thus serving as comparison group. An analytic study starts with a particular 

hypothesis regarding cause and effect relationship and finally culminates in either proving or disproving the 

hypothesis. Examples are case-control study, cross-sectional analytic study, cohort study and experimental study. 

 Longitudinal studies. A longitudinal study is the same as prospective study, in that all subjects are “followed up” 

from a defined point of time till another point of time in future. The essential characteristics of a longitudinal study 

are that firstly, all subjects have to be examined at least twice (once when the study is started and at least once more 

at the end of the follow up period). Secondly, since the longitudinal study finds out how many new cases of the 

outcome or disease of interest have occurred (numerator) out of those who were initially free of the condition but 

were at risk (denominator), over a defined time period of follow-up, it gives us the incidence. 

 Cross-sectional analytical studies. In a cross-sectional study the subjects are examined only once (through the cross-

sectional study may itself be conducted over a period of time, may be one or two years). Secondly, since the subjects 

are not examined at least twice, we cannot make out how many new cases of outcome or disease of interest have 

occurred over a period of time and hence we cannot calculate the incidence. What we get in a cross-sectional study is 

the number of persons who are present with the outcome or disease at the point of time (the point of time at which 

they are examined), out of the total subjects, thus calculating the prevalence. A longitudinal study may proceed with 

only one group of subjects (longitudinal descriptive) like longitudinal surveys or may have two groups one of which 

serves as the comparison group (longitudinal analysis. i.e. cohort design and the experimental deign). Similarly, a 

cross-sectional study may have only one group (cross-sectional descriptive studies like case series, community based 

cross sectional descriptive studies like prevalence surveys); or else the cross sectional study may have two inbuilt 

groups, one of which serves as the comparison group (cross-sectional analytic studies). 

13.41. Self-Assessment Test. 

1. Define “Cause and Effect Relationship”. Describe the logical sequence in establishing a cause and effect 

relationship. 

2. Submit a classification of the various types of epidemiological (research) designs. 

3. Discuss how will identify the research design most suited to answer your research question proposed to be 

studied. 



4. Describe the steps in planning, designing, conduct, analysis and interpretation of a descriptive study, on the 

research question: “What is the magnitude of problem of gestational diabetes mellitus (GDM) among women 

attending ante-natal clinics at my hospital, the distribution of GDM according to selected person, place and time 

variables and finally hypothesizing as to what could be the possible factors which may be increasing the risk of 

GDM.” 

5. Write short notes on: (a) Cross sectional analytical designs (b) Hybrid designs (c) Incomplete designs. 

13.42. Suggested Readings/Reference Material. 

1.  Chapters on Research Methodology & Epidemiology. By: Rajvir Bhalwar (Author & Chief Editor). Text Book of 

Public Health & Community Medicine. Publishers: WHO – India Office and AFMC, Pune. 1st  Ed, 2010. 

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. Designing Clinical Research. Hulley SB, Cummings SR, et al. 3rd Edition, 2007. Wolters Kluwer, Philadelphia. 

13.43. Answers to Check Your Progress. 

1. (e). All of the above. This is because the terms cause, independent variable, predictor, exposure variable are all 

synonyms while the terms effect, outcome and dependent variable are all synonymous. 

2. (c). Temporality. This is the most important, rather indispensable criteria of a cause and effect relationship. For such a 

relationship to be acceptable, it should be reasonably proved that the cause preceded the effect.  

3. (b) Case control study. For studying the possible role of a risk factor as causal for a disease outcome, it cannot be 

interventional design since we cannot randomize subjects into two groups and deliberately introduce the risk factor into 

one of the group. It cannot be descriptive since we start with a specific hypothesis regarding the association of a risk 

factor with a disease and hence it has to be analytical study. It cannot be cohort study or cross-sectional study since in a 

rare disease we will need to study a very large cohort of subjects or a very large cross-section of subjects to get even a few 

cases of the disease since it is a rare disease. The only way out is a case control study since we will get adequate number 

of cases of the disease (which, though rare, the cases will come to particular speciality or superspeciality hospital) is 

therefore to do a case control study. 

4. (a). Longitudinal descriptive study. For describing the natural history of a disease, we study a single group of patients 

who have just started with the disease and follow them forward in time, without subjecting them to any treatment, and 

observe as to how the disease evolves. Thus it is a longitudinal descriptive study. 

5. (d). Case control study. This type of design can never take a prospective approach. 

6. (c). At the end of the study we either prove or disprove the hypothesis which was being tested. This is not true for a 

descriptive study since it never starts with any specific hypothesis. At their end, descriptive studies only generate one or 

more hypothesis which can be further tested by analytical studies. 

7. (a). Distribution of subjects according to age groups. All the other four measures are to be calculated in an analytical 

study but NOT in a descriptive study. 

8. (b). Distribution according to rural or urban residence. Option (c) describes the distribution according to a time related 

variable while the other 3 options describe distribution according to person related variables. 

9. (c). Case control study. This is because case control study is a type of analytical study and not a descriptive study. 

10. (a). Epidemic curve showing dates of occurrence of cases 

 

 

 


