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There is no copyright on this manual. You may freely copy its contents. 

If you however wish to order more copies of this manual, please contact: 

 

Ms Lee Day Guat 

National Renal Registry 

C/o Department of Nephrology 

Kuala Lumpur Hospital 

Tel: 03-2905406 

Fax: 03-2905418 

 

Order Form 

#. Manual Cost in RM Quan-

tity 

  By hand By post  

     

1 A manual on how to do research 30 35  

     

2. Further reading on Research Methods 30 35  

     

3. Further reading on Medical Statistics 30 35  

     

4. Further reading on Critical Appraisal 20 25  

     

 

After attending this workshop, you may wish to attend more advanced courses 

organised by Clinical Research Centre, for details please contact Ms. Lee day 

Guat as above. 
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WORKSHOP : RESEARCH METHODS AND MEDICAL STATISTCS 

 

Course participant is requested to complete the following questionnaire to enable  

the course presenter to get to know you better and to assess your needs. 

 

Name 

 

 

 

Organisation/ 

Department 

 

 

Contact number 

 (fax, e-mail etc) 

 

 

  

 

Questionnaire: 

 

1. What is your research topic? (just thinking about it or already in 

advance stage of preparation or on-going) 

 

  

  

  

  

  

2. Why do you want to do this topic; or what is so interesting about it?  

  

  

  

  

  

3. How are you going to do the research? (briefly describe the methods 

you have in mind) 

 

  

  

  

  

  

4. Have you ever been involved in any research ?   
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WORKSHOP : RESEARCH METHODS AND MEDICAL STATISTCS 

Course participant is requested to complete the following MCQ for self-

assessment: 

 

Research methods questions 

1. A trial was designed to compare the effect of a new drug A, the standard drug B 

and placebo P. The p value for treatment effect of A versus P was 0.001, for B 

versus P was 0.02 and for A versus B was 0.45. We may conclude that: 

a. Drug A is efficacious True/False 

b. Drug B is also efficacious True/False 

c.  There is no difference in treatment effect between drugs A and B 

in that study. 

True/False 

d. However, since the p value for A vs P is much smaller than p 

value of B vs P, A is likely to be more efficacious than B, though 

of course the study did not show that. 

True/False 

 

 

 

2. Smoking is suspected to increase the risk of certain indolent benign cancer(they 

don‟t die quickly). The best design is to randomise subjects to smoking and follow 

up to determine occurrence of the cancer. This is clearly not ethically acceptable. 

Hence, to address the question, there are several alternative design options: 

a. Study a large group of smokers to determine how many of them 

had the cancer. If the incidence is higher than generally expected, 

we may conclude that smoking increases the risk of the cancer. 

True/False 

b. We can also follow up a group of smokers and a control group of 

non-smokers. If the incidence is higher among smokers than non-

smokers, we may conclude that smoking increases the risk of the 

cancer 

True/False 

c.  We can also assemble a group of patients with the cancer and a 

control group without cancer. If the proportion of smokers is 

higher among cancer group than non-cancer group, we may 

conclude that smoking increases the risk of the cancer 

True/False 

 

 

3. A trial was done to determine the efficacy of drug A in treatment of cancer X 

versus standard treatment B in Hospital Kuala Lumpur(HKL). Consecutive 

subjects with cancer X presented to HKL between 1/1/98 and 1/1/99 were 

enrolled. All agreed to participate and nobody dropped out.  

a. The target population is all current and future patients with cancer 

X everywhere. 

True/False 

b. The study population is patients with cancer X presenting to 

HKL. 

True/False 

c.  The sample of subjects is not a random sample since no sampling 

was performed. 

True/False 

d. However, since all patients consented to participate and none 

dropped out, we are assured of a representative sample. 

True/False 
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4. Bias simply means systematic deviation from the truth that distorts the results of 

research. 

a. Randomisation to allocate subjects to treatment groups is the best 

way to avoid confounding bias. 

True/False 

b. Bias should always be avoided. Otherwise, the study shouldn‟t 

have been done in the first place since the results are useless. 

True/False 

c.  If bias is present, one can sometimes attempt to “correct” the bias 

so that the result is no longer biased. 

True/False 

d. If bias is present and cannot be corrected, then the study is 

completely hopeless. Nobody should believe the results. 

True/False 

 

 

 

 

 

Medical statistics questions 

1. The data on age and systolic BP (age,SBP) of 10 patients are as follows: (48,130), 

(56,136), (53,138), (58,142), (61,144), (68,152), (65,158), (71,166), (81,194) and 

77,202).  

a. The mean SBP (156 mmHg) is a useful measure of the typical 

SBP of these 10 patients 

True/False 

b. The standard deviation of the SBP (24 mmHg) is a useful 

measure of the spread of SBP readings in these 10 patients 

True/False 

c.  The correlation between age and SBP is 0.94. This means, among 

these 10 patients, increasing age tends to cause the SBP to rise. 

True/False 

d. The range of the SBP readings is 72 mmHg True/False 

 

 

 

2. 100 haemodialysis patients were followed-up for 1 year during which 8 of them 

died. 

a. The cumulative incidence of death (cumulative risk of death) at 1 

year is 0.08.  

True/False 

b. The odds of death at 1 year is also about 0.08 

 

True/False 

c.  The death rate (incidence rate of event) is slightly higher than 

0.08 

True/False 

d. Of the 3 measures of the occurrence of event, that is, risk, odds 

and rate, the most appropriate measure to use here is risk.  

True/False 
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3. In a trial of a new anti-hypertensive drug A versus standard treatment, the overall 

relative risk (RR) of cardiovascular(CV) event was 0.85 (ie ratio of risk of CV 

event in A group to risk in standard treatment group). In subgroup analysis, the RR 

for patients with pre-existing CV disease was 0.92 and for diabetic patients was 

also 0.92. This was a large trial (n=100,000), all p values were significant. 

a. The RR is significantly less than one. This means the new drug A 

is effective relative to standard treatment with respect to 

preventing CV events. 

True/False 

b. Treatment with the new drug is expected to reduce risk of CV 

events by 15% relative to treatment with standard drug. 

True/False 

c.  The new drug is less effective in patients with pre-existing CV 

disease and in diabetics than subjects without pre-existing CV 

disease or diabetes since RR 0.92 is more than 0.85 

True/False 

d. The new drug is equally effective in patients with pre-existing CV 

disease and in diabetics since RR for both groups are similar. 

True/False 

 

 

 

4. The P value for the above trial (overall results, RR=0.85) was 0.0001. This means: 

a. The probability of observing the result (RR=0.85) is 0.0001 True/False 

b. The result is highly significant and is not likely to be a chance 

finding. 

True/False 

c.  The probability that there is no difference between the new drug 

and standard treatment is 0.0001. 

True/False 

d. We may be 99.99% certain that that the result (RR=0.85) is true 

(truly describes the difference in effect between drug A and 

standard treatment). 

True/False 

 

 

 

5. In the above trial, the difference in mean systolic BP between group on drug A and 

group on standard treatment was 7 mmHg (95% confidence interval(CI) 2-13 

mmHg). 

a. The 95% CI does not include 0. This means there is a statistically 

significant difference in the drugs‟ systolic BP lowering effect. 

That is, the p value would be less than 0.05 had we calculated it. 

True/False 

b. The 95% CI of 2-13 mmHg means the probability is 0.95 that the 

true difference in mean SBP between the 2 groups lies between 2 

and 13 mmHg. 

True/False 

c.  The 95% CI of 2-13 also means that we may be 95% certain that 

true difference in mean SBP between the 2 groups lies between 2 

and 13 mmHg. 

True/False 

d. Had we repeated the trial 20 times, we may expect 19 out of the 

20 95% CI constructed from the 20 trials would include the true 

difference in SBP between the 2 groups. 

True/False 
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1. Definition : 
 

Research : systematic quest for new information or knowledge using scientific 

method. 

Scientific method : principles laid down in science for performing observations and 

testing the soundness of conclusions. There are 3 basic principles : 

a.  Hypotheses should be grounded in empirical data 

b.  Hypotheses should be tested by other empirical data 

c.  Scientist must record how this testing was done. 

 

 

 

 

 

2. Sources of material on research methods and medical statistics : 
Attending workshop based on this manual will not make you an expert on research 

method or a statistician overnight. Listed here are materials that may be of help to you. 

Seriously consider consulting a statistician early on in your research project. 

  

None of the materials in this manual are original. They are abstracted from the texts 

and articles published in the journals listed below. All references are given. To save 

you time and effort in obtaining those references, selected photocopies of the 

references cited can be found in 2 companion volumes to this manual: 

1. Further Readings on Research Methods 

2. Further Readings on Medical Statistics 

 

General :  

Good introductory texts on research methods 

1.  Abramson.  Survey methods in community medicine.  C Livingstone 1990 

2.  Kleinbaum, Kupper, Morgenstern.  Epidemiologic research: principles and 

quantitative methods. Lifetime learning pub 1982 

3.  Kumar R. Research methodology-a step by step guide. Longman 1996 

4.  Hennekens C, Burring JE. Epidemiology in Medicine. Little Browns 1987 

 

Good introductory texts on elementary and medical statistics 

1.  Freund JE. Modern elementary statistics. Prentice Hall 1988 

2.  Pagano M, Gauvreau. Principles of biostatistics. Duxbury Press 1993 

3.  Saunder BD, Trapp RG. Basic and clinical biostatistics. Prentice Hall 1994 

4.  Bailar JC, Mosteller F. Medical Uses of statistics. 2
nd

 ed. NEJM Books 1992 

5.  Armitage P, Berry G. Statistical methods in medical research. 3
rd

 ed. Blackwell 

 

Specialised : 

a. Randomised controlled trial : 

1.  Pocock SJ.  Clinical trials : a practical approach.  Wiley 1984 

2.  Friedman.     Fundamentals of clinical trials. 2
nd

 Ed.   PSG Inc  1996 

3.  Mienert.     Clinical trials : design, conduct and analysis     OUP 1986 

4.  Fleiss      The design and analysis of clinical experiments      Wiley 1986 
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b.  Case control study : 

1.  Schelessman   Case control study. OUP 1982 

 

c. Sample survey: 

1.  Cochrane.  Sampling techniques   Wiley 

2.  Lehtonen.   Practical methods for the analysis of complex sample surveys.  Wiley 

3.  Barnett.  Sample survey : principles and methods  EA 

 

Journals : 

Journals : 

1.  Controlled clinical trial (CCT) : available from UH library 

2.  Statistics in Medicine (Stat med) 

3.  Statistical methods in medical research (SMMR) 

4.  Biometrics : most university libraries have it. 

5.  Journal of Chronic disease (JCD)/ Journal of Clinical Epidemiology (JCE): most 

university libraries have it. 

6.  American Journal of Epidemiology : most university libraries have it. 

7.  General medical journals like BMJ, New England journal of Medicine, Lancet, 

JAMA etc publish occasional articles on research methods and medical statistics.. 
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3. Types of medical research : what kind of study are you doing? 

There are many options in research design. Decision should consider the 

type of study one is doing. 
 

1.  Basic biomedical research : 

     this is concerned with the anatomy/structure, organisation and mechanism or 

processes of human biology and diseases from the organ/tissue level down to 

cellular and molecular level. Its goal is mainly explanatory ie to generate 

knowledge that explains biomedical phenomena.  

 

2.  Clinical research : 

     research that is patient or disease oriented. It provides data that clinicians can rely 

on in making decisions about patients. 

      a. Intervention study : eg drug trial.                                  

a.  Diagnostic study : eg discriminatory value of sign and symptom, diagnostic test 

accuracy study. 

b.  Taxonomic study : eg disease classification 

c.  Validation/ reliability  study : eg developing and validating new instrument. 

d.  Prognostic study : eg risk factor modelling 

 

3.  Epidemiological research : 

     this is population or community oriented. It provides data applicable in the control 

of human health problem.  

a.  Descriptive study : eg disease prevalence or incidence study  

b.  Aetiologic study : eg  study of distribution and determinant of disease in the 

community 

c.  Prevention study : eg. Community trial, screening trial 

 

4.  Health services research : 

     this is concerned with the identification of health care needs and the study of the 

provision, utilisation and effectiveness of health services. It aims at supporting the 

decision making process at all levels (policy down to individual doctor-patient 

level) of the health care delivery system with relevant information in order to 

achieve more effective operation of the system. 

a.  Needs assessment. 

b.  Health services output : volume, case-mix, quality of care 

c.  Intervention study : health service organisation trial 

d.  Evaluation study : eg healthcare programme appropriateness, effectiveness, 

efficiency(cost-effectiveness), accessibility, acceptability, equity. 

 

5.  Methodological research : 

     concerned with research methodology. It aims to provide data on various aspects of 

research method : design, sampling, variable measurement, data processing, 

statistical methodology. 
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OVERVIEW OF THE RESEARCH PROCESS  

 

Step 0 : Preliminary considerations : think it over  and review literature. 

 

Step 1 : Define purpose of study : state research hypotheses 

 

Step 2 : Design the study : write a proposal/protocol 

a.  Overall design : sample survey, RCT, cohort, case-control, ecologic, 

case series 

b.  Study population, sampling, sample size 

c.  Study variables and measurement. 

d.  Dealing with potential sources of bias 

e.  Ethical issues 

 

Step 3 : Conduct the study : 3 phases in research conduct 

a.  Planning : proposal, funding, approval 

b.  Preparatory : protocol & manual, resources & organisation, 

participation, measurement & data collection process, pilot & pre-

test, training & instruction. 

c.  Operational : recruitment, registration, consent, schedule, 

termination. 

 
Step 4 : Analyse the data :  

a.  Preliminary : purpose, study design etc 

b.  Initial data analysis : getting a feel of the data. 

c.  Definitive analysis :  

 Estimating parameter 

 Dealing with complications : bias, missing data, measurement error, 

outlier, data error etc 

 Statistical inference  
 

Step 5 : Draw conclusion : interpret and report study results 

a.  Draw conclusion and data interpretation. 

b.  Writing report 
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OVERVIEW OF TOTAL RESEARCH DESIGN : 

planning processes that aim at overall optimization in a research. 
(Adapted from Sarndal, Model assisted survey sampling. Springer) 

 

NEEDS FOR INFORMATION / DEMANDS FOR STATISTICS 

           

ANALYSIS OF THE REQUIREMENTS 

           

CHOICE OF RESEARCH DESIGN (INSTRUMENT) : survey, RCT, case control , 

cohort or other from of fact finding. 

           

       

   TOTAL RESEARCH DESIGN    

       

   DESIGN OF THE RESEARCH 

PROPER 

   

           

 DESIGN 

OF THE 

CONTROL 

SYSTEM 

  choice of 

population 

 choice of  

variables 

  DESIGN OF 

THE 

EVALUATION 

SYSTEM 

 

           

    Sampling 

design 

 Measurement 

design 

    

           

           

           

           

           

           

   OVERALL RESEARCH 

OPERATIONS 

   

           

   RESEARCH OPERATIONS PROPER    

           

 CONTROL   Preparatory operations   EVALUATION  

           

    Data collection operations 

 

    

           

    Data processing operations 

 

    

           

           

           

    USES 
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PART 1 : ABC of Medical Research 

 

 
Michael Healy, medical statistician; on being ask about poor quality medical research. 

 “the difference between medical and agricultural research is that medical research is 

done by doctors but agricultural research is not done by farmers.”  

 

 

 

 

Seven questions you might want to ask yourself before someone else 

do. 

 

1. Have you really thought it over?  

 

2.  You sure you know what you are after? 

 

3.  Have you got the design for what it takes? 

 

4.  What population and what sample? 

 

5.  Is the sample size sufficient? or unnecessarily large? 

 

6.  What to measure and how to measure? 

 

7. To be biased is human?
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1. Have you really thought it over?  
There are 3 potential problems in doing any research. You need to consider these to 

decide whether you should do the study. 

1.Ethical objections. 

2.Practical objections. 

3.Scientific objections. 

 

1. Ethical objections : the study may not be ethically acceptable. 

a.  Invasive procedure. 

b.  Subject‟s privacy and confidentiality of data, informed consent. 

c.  Lack of equipoise in intervention trial. 

d.  Information already exists : new study is superfluous, waste of resources. 

e.  scientifically unsound and poorly conducted study is unethical. 

f.  Informed consent may be difficult 

g.  Etc…. 

 

(see also Ethical issues in research, page 53) 

 

References : 

1.  Altman. Statistics and ethics in medical research. BMJ 1980 

2.  Arthur. The ethics of RCT. NEJM 1987 

3.  Freedman. Equipoise and the ethics of clinical research NEJM 1987 

4.  Manuel. Problem of RCT. NEJM 1991 

5.  Doyal. Informed consent in medical research. BMJ 1997 

6.  Tobias. BMJ’s policy: sometimes approving research in which patients have not 

given consent. BMJ 1997 

 

 

2. Practical objections : the study may not be feasible : 

a.  Rare outcome event and therefore huge (>100,000) sample size needed. 

b.  Rare exposure or disease and therefore takes too long to recruit enough patients. 

c.  Outcome event requires prolonged observation, say >10 years. 

d.  Reliable and valid measurement may not be available 

e.  etc 

 

3.  Scientific objections : the research may not be valid or generalisable. 

a.  Setting : centre effect (centre of excellence), hospital vs. primary care setting 

b.  Subject selection : eg strict criteria to ensure homogenous group trial, non-

response. 

c.  Effect of study participation : Hawthorne effect( behaviour under close observation 

differ from usual), study participants both patients and clinicians are atypical. 

d.  Other unavoidable biases…. 

 

References : 

1.  Black. Why we need observational studies to evaluate the effectiveness of health 

care. BMJ 1996. 
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Exercise 1:  

 

1. An obstetrician consulted me on a trial to compare community birthing centre vs 

conventional hospital care. The objective is to show that community care is a safe 

alternative to hospital care. Adverse outcome (haemorrhage, eclampsia, mortality, 

etc) expected under hospital care is 1%. What is the problem with this trial? 

 

2. The surgeon-general warns that smoking might seriously damage your health; but 

has anyone said categorically it is proven beyond doubt that smoking really 

damage your health? If not, why is the evidence so hard to come by? 

 

3. tPSA is potentially useful as a screening test for prostate CA. A study was planned 

to assess its performance. The statistician advised that the correct design is to 

obtain a random sample of elderly men in the community and subject each to both 

tPSA test and prostate biopsy. Now, would you heed the statistician‟s advice? If 

not, how would you advise the investigators? 

 

4. A study compared heart failure patients who were transplanted versus those who 

were not. Admittedly, patients were not randomised but patients who went on to 

have transplant are likely to have more severe disease and worst prognosis. Hence, 

if transplant improves survival, we may safely conclude that cardiac transplant is 

efficacious? 
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Thus you need to be able to justify a research : 

1.  is it ethically acceptable? 

2.  is it feasible? 

3.  is it scientifically sound? 

4.  is it useful? : for applied research, findings can help solve current problem; and for 

basic research, extend knowledge of subject. 

 

Literature review is therefore crucial:  searching, appraising, retrieving, appraising and 

summarising/synthesising existing information on research problem so that; 

a.  proposed research is not redundant, information does not exist. 

b.  know current state of knowledge and satisfy reviewer that your level of knowledge 

for research is adequate. 

c.  obtain clues for possible methodological strategies and to forewarn potential 

problem. 

 
Skills required to do the above: 

1. Literature search and retrieval 

2. Critical appraisal. 

3. Reviewing and synthesising existing information on area of research. 

 

1. Literature search and retrieval 

 Network: colleagues, conference 

 Paper source: Index Medicus, Reviews/Monographs, Reference section of  

research articles 

 Electronic source: Medline, GratefulMed… 
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2. Critical appraisal skills: assessing the hard facts of a research. Its purpose is to 

discern if the methods and results of the research are sufficiently valid to justify 

the conclusions and produce useful information. 

 This workshop will improve your critical appraisal skill; see Part 3: Data 

interpretation/Critical appraisal. 
 

Refer also Further reading on Critical Appraisal. 

 

 

3. Reviewing and synthesising existing information on area of research. 

 Straightforward and simple narrative review will do, as in journal‟s review article. 

 More formal methods like systematic review/metaanalysis not necessary for 

literature review required before embarking on a research project. The more 

formal approach is research in its own right.
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2. You sure you know what you are after? 
 State the objective of the research 

 What is the prior hypothesis?  You must pre-specify the research 

question/hypothesis of interest before embarking on the research. You cannot 

make it up as you go along; beware of fishing expedition/data dredging 

 

 

 

“Careful formulation of the subject matter problem (to the solution of which the 

research is expected to contribute) guide decisions on research design. The goals 

being the most accurate (unbiased and precise) possible estimates at the lowest cost, 

for an operationally feasible design. “ 

 

Deming ..“ until the purpose is stated, there is no right or wrong way of going about 

the research    “ 

 

Exercise 2:  

 

1. Anaesthetic trial comparing effect of placebo vs Alfentanil(narcotic) vs 

Nicartidine(the study drug) on suppressing sympathethic response to intubation 

(BP, HR).  What is the prior hypotheses?  Nicartidine better than placebo? Or 

Nicartidine as alternative to Alfantanil? 

 

 

2. Aprotinin was assessed in a trial on healing of colorectal anastomoses. The 

difference in leakage rates between treated cases and controls was insignificant. 

However, among patients who had anterior resection, those on Aprotinin had 

lower leakage rates than those on placebo. The author concluded, “Although 

Aprotinin cannot be recommended for general use in colonic surgery, its use may 

be of value in improving healing in patients undergoing anterior resection” (Dis 

Colon Rectum 1989). Do you agree? 
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3. Stating research objective: 

The research objective summarises what is to be achieved by the study. Clearly 

defined objective is important in order to focus the study (narrowing down to 

essentials), avoid unnecessary data collection, and help organise study in clearly 

defined parts and phases. 

 

General objective : states what is expected to be achieved by the study in general 

terms. 

Specific objectives : the general objective broken down into smaller, logically 

connected parts. 

Hypotheses            : a prediction of a relationship between one or more factors or 

outcome variables under study which can be tested. 

 

A well stated objective…: 

a. Cover different aspects of the problem under study in a coherent way and in 

logical sequence. 

b. Phrased in operational terms, specifying what you are going to do, where and for 

what purpose. 

c. Use testable proposition ie answerable by empirical data. 

d. Use measurable outcomes eg death, QOL measure. 

e. Use action verb eg. to determine, to compare, to describe, to establish. 

 

Examples : 

Randomised controlled trial : 

f. to compare the effects of new treatment A versus standard treatment B /placebo in 

patients with disease X on outcome measure Z.  

g. to compare whether new treatment A improves outcome measure Z relative to 

standard treatment B /placebo in patients with disease X . 

h. to establish the equivalence of new treatment A with standard treatment B in 

patients with disease X with respect to outcome measure Z.  

 

Epidemiological study : 

 to determine the incidence of end-stage renal failure(ESRF) in Malaysia in 1998; 

ESRF is defined as creatinine >600 umol/L that persisted for more than 6 months. 

 to determine the distribution of ESRF according to age, gender and so on. 

 

Prognostic study : 

 to determine the outcome of dialysis treatment. Outcome is measured by mortality 

and quality of life as assessed using QL index. 

 to determine factors influencing outcome of dialysis. Factors of interest are age, co-

morbid disease , sr. Albumin, etc. 
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3. Have you got the design for what it takes?:  
 

Design: the plan of arrangement in a research; including arrangement of subjects ( eg 

into groups for comparison), of intervention and of observation and measurement in a 

study.  

Design is important because it serves the primary purpose of maximising study 

validity, in particular minimising biases. Various designs differ in their vulnerability 

to threats to study validity, a strong design being less vulnerable than weaker design. 

However, strength tends to trade off with cost. Stronger design is generally more 

costly to do. 

 

There are 7 basic designs : 

1.  Randomised controlled trial  

2.  Cohort study ( also called follow-up study)  

3.  Case-control study 

4.  Sample survey or cross sectional study 

5.  Ecologic or trend study . 

6.  Case report or series . 

7.  Qualitative research 

 

Guidelines are available for each design.  For example, design and conduct of modern 

RCT must comply with GCP requirements. 

 

Choice of one of the above designs should be appropriate to study objectives.  

However, various design may well be suitable for a particular study. Choice must then 

be guided by considerations of strength of design, cost and ethics.  

 

1.  Randomised controlled trial : an experimental study in which an intervention is 

applied to one group and the outcome compared with that in a similar group 

(controls) not receiving the intervention. Subjects are assigned to groups 

(intervention or control) randomly. This is the strongest design but also most costly 

and fraught with ethical problems. 

 imperative for assessing efficacy of new intervention. 

 not ethical for intervention or agent that is potentially harmful, eg exposure 

leading to disease, prognostic factor for poor clinical outcome.  

 difficult for intervention in rare disease, rare outcome, subject‟s participation 

crucial.  

 

2.  Cohort study ( also called follow-up study) : an observational study of a group of 

people with a specified characteristic or disease who are followed up over a period 

of time to detect new events Comparisons are made with a control group. 

Intervention is not applied (therefore observational and not experimental) and 

allocation to group not random (not possible eg. previous AMI vs no AMI, or not 

ethically acceptable eg. smoking vs no smoking) 

 suitable for assessing effect of agent or exposure on adverse outcome. Eg 

prognostic study, aetiologic study of disease, phase IV trial (post marketing 

surveillance of drug adverse effects). 

 also suitable for intervention that is difficult to study with RCT . 



 21 

 often requires large sample and prolonged follow-up for adequate power, 

therefore costly. 

 

3.  Case-control study : an observational study in which characteristics of people with 

a disease (cases) are compared with those of selected people without the disease 

(controls). Should not be regarded as a unique design; more properly it is a cohort 

design with more efficient sampling scheme (sampling of cases and controls). 

 uses as cohort study but more efficient (ie less costly). 

 the price is it is more vulnerable to biases. Therefore not for the non-expert. 

Always consult an experienced epidemiologist. 

 

4.  Sample survey or cross sectional study : a survey of the frequency of disease and 

other characteristics in a defined population at one particular time. Focus on 

describing a state or process at a fixed time. 

 suitable for describing prevalence and distribution of heath problem in a 

community. (prevalence or health survey). 

 in clinical research, use in describing disease presentation (spectral description 

study), diagnostic test accuracy study, quality of care assessment. 

 generally efficient but large scale community survey can be expensive. 

 sometimes survey data given causal interpretation (pseudo-longitudinal) but 

liable to error, caution. 

 

5.  Ecologic or trend study : group based study, unit of observation is a group eg 

country, state etc. 

 observed effect difficult to interpret at individual level (ecologic fallacy). 

 otherwise efficient to do. 

 

6.  Case report or series : description of one or several cases in which no attempt is 

made to answer specific hypotheses or to compare results with another group of 

cases. 

 classical clinical study; its value probably under rated (Pickering  Lancet 19##) 

 

7.  Qualitative research : development of concepts which help us to understand social 

phenomena in natural settings, giving due emphasis to the meanings, experiences, 

and views of all the participants. It dose not primarily seek to provide quantified 

answers to research questions.  Particularly useful for explaining complex 

phenomena not amenable to quantitative research. It has an important role in 

medical research because health care deals with people and people are more 

complex than the subjects of the natural sciences. There is a whole set of questions 

about human interaction that we need answers to. Obvious areas of application are 

doctor-patient relationship, treatment compliance, clinical decision making 

process, health service organisation and policy issues. 
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Exercise 3:  

1. A company has introduced a new connectology system for CAPD and has in fact 

won the contract to supply the system for MOH CAPD dialysis units. The 

nephrologists in MOH however could not find anything in the literature to 

demonstrate its comparability with existing system in use. Hence, an evaluation of 

the new system was proposed. How would they go about designing the 

evaluation? 

2. Nephrologists in the MOH dialysis units (50 in all) were interested in the factors 

that influence the outcome on dialysis treatment. Outcomes of interest were 

mortality, quality of life as well as more intermediate outcomes like BP and sr 

phosphate control, nutritional status and anaemia. Factors of interest include 

patient‟s characteristics and comorbid status (diabetes, etc), dialysis prescription, 

unit level factots like trained staff and nephrologists, unit size, etc. What design 

would be appropriate for such a study? 

 

3. Surveys have consistently shown that beyond about age 50, the occurrence of 

diabetes decline (see graph below, NHMS2 data). Ageing may therefore be 

protective. Do you agree? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. In a case control study, 250 women with endometrial CA (cases) were compared 

with 250 age match controls. Among cases, 66 had previous exposure to post-

menopausal oestrogen while only 12 among controls had been similarly exposed. 

The odds ratio is 7.1. The author concluded, “the risk of endometrial CA is 7 

times higher for oestrogen user.” Do you agree? 
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5.  The graph below is a ludicrous example of results from a ecologic/trend study: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: Undoubtedly, as doctor‟s average income continued to rise year after 

year, the average price of beer followed suit. Surely there must be a better way to 

quench the thirst of these hard working doctors. 

 

Do you agree with the interpretation of the data?
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4. What population and what sample?: 
Some definitions: 

Population the whole collection of units (“the universe”). It may be real (a 

finite population eg population of Malaysia),  or purely conceptual 

or hypothetical (infinite population). 

 

Target population the population about which information is wanted. It is the target of 

inference;  the population possesses a characteristic (called 

parameter) which we wish to estimate or concerning which we wish 

to draw conclusion. The population you expect the eventual results 

of the research to apply. It may be real or hypothetical. 

 

Study or sampled 

population 

the finite population actually studied and elements sampled. May 

correspond with target population or otherwise a more accessible 

subset. 

 

Sample a selected subset of the study population, chosen by some process 

(ie sampling)  with the objective of investigating particular 

characteristic (parameter) of the study population. It should be 

representative of the study population from which it is selected. 

Conclusions based on sample results may be attributed only to the 

study population (the sampled population). Generalisation to the  

wider target population is matter of judgement ( and perhaps part 

statistical). 

 

Sampling frame the set of sampling units that is the source of the sample. Sampling 

units are the entities that make up the frame just as elements are 

entities that make up the population. May be the individual 

elements or more usually a coarser subdivision of the study 

population. 

Study participants 

or respondents 

The subjects actually participating in the study. The subset that 

were contactable and consent or agreed to participate. They may 

still not be representative even with random sampling because the 

sampling frame may be out of date, non-contact or failure to recruit 

eligible subjects, non-consent or non-response, or drop out 

(withdrawal or competing event). Must always check study 

participants are representative of study population, and correct 

accordingly. 
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 The above ideas are summarised schematically below : 
 

  Target  population : 

real or hypothetical  

  

 inference is part 

judgement and part 

statistical  

 select based on judgement 

and  accessibility 

 

 

  study population 

 

  

 inference is 

statistical  

      Probability sampling 

 

 

  sample 

 

  

 inference must 

account for non-

sampling error (bias) 

 consent or respond  

  participants in study 

 

  

 

Decisions required are: 

1.  Specify what is the target population 

2.  Specify what is the study population (ie who are eligible for inclusion in the study) 

3.  Select a sampling design for obtaining a sample for study 

4.  Strategy to ensure high response or participation rate, otherwise inference must 

take account of non-responses. 

Decisions will have considerable impact on study validity (soundness of conclusion or 

inference made.) Some advice: 

1. Choice of target and study populations: the research purpose broadly stated is  

most important in determining choice of study population: 

a. Descriptive purpose: chosen finite population is that of particular interest to 

determine its descriptive parameter.  

 the study population may be the target population itself or otherwise a more 

accessible subset of it. If more accessible subset is chosen, should be clearly 

and explicitly defined: ie who ? when?(time) and where? (place or setting) 

 the entire study population may be included or a sample is drawn. See 

Sampling below. 

 

b. Analytic purpose: target of inference is all populations and not the particular 

population where sample is drawn.  

 therefore many choices of study populations since the study population is of no 

intrinsic interest other than as a source of study subjects.  

 the best choice is then  that in which causal hypotheses can be efficiently and 

reliably tested, eg great variability of exposure of interest (exposure 

heterogeneity), high frequency of health outcome of interest.  

 should be clearly and explicitly defined: ie who ?(eligibility criteria) 

when?(time) and where? (place or setting) 

 while target of inference is model parameter, this does not automatically 

guaranteed generalisability to all populations to whom the research might 

apply   .Selected study population necessarily restricted in time and 

place/setting. One however wishes to generalise to other places (eg another 

country but similar setting like hospital) and to future patients. This is a matter 
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of judgement based on subject under investigation and characteristics of study 

subjects as well as model dependent (assumed model is correct) 

 

2. Sampling design:  choosing a sample 

 For clinical study, non random (convenient) sample may be adequate for eg 

consecutive eligible patients from participating centres over defined period 

(effectively this is 100% sampling). Note that all eligible patients attending the 

participating centres constitute the study population, whether this is generalisable 

to other centres or future patients is a matter of judgement. 

 For health survey or other population based study (eg population based cohort or 

case control study), random or probability sampling (each subject has a known 

probability of being selected) is employed to obtain a representative sample. 

 

More about sampling if you must know: 

Why sample? Why not study all? : study population too large, too costly to study all. 

Thus, so long sample size adequate, resources should not be used to study even more 

subjects but be devoted to improving or assuring data quality. 

 

How to sample ?  in general 2 requirements  

 sampling frame must be available, otherwise construct one or use special sampling 

techniques (see below). Frame construction may not be easy. 

 choose an appropriate sampling plan to draw a sample from the frame. 

 
Sample selection/sampling plan: 

Only probability sampling is considered ie sampling plan with known probability of 

selection for each element in the population because they are the only one for which 

sampling error can be measured. 

There are 2 components in sample selection : 

a. Sampling system : there are 3 basic systems 

1. element sampling : elements directly sampled 

2. cluster sampling : sample cluster first, then all elements within cluster selected. 

3. multistage sampling 

b. Sampling scheme : 3 classes 

1. Simple random sampling : with or without replacement 

2. stratified sampling 

3. sampling with unequal probabilities eg PPS 

 

Choosing a sample selection plan : 

primary consideration is efficient observational access to the population of elements 

for purpose of collecting data. Multi-stage cluster sampling that reflect population 

hierarchical structure is usual in most large scale health survey as opposed to direct 

element sampling because : 

1.  No sampling frame that identifies each and every element in a large population, 

and is too costly to construct one. 

2.  Population elements are typically scattered over a wide area. Direct element 

sampling will result in widely dispersed sample leading to high cost for field work 

and inefficient supervision. 
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Special sampling techniques for special problems : 

 

1.  Systematic sampling. Select every k
th

 subject; no frame required. Beware of order 

effect.  

2.  Two phase or double sampling  

3.  Two stage sampling : a sub-sample of survey sample submitted to more elaborate 

examination by experts to minimise measurement bias (misclassification) 

4.  Capture recapture or dual sampling  

5.  Composite sampling  

6.  Inverse sampling : sampling at random till a determined number of rare events are 

obtained and noting number of random trials required to achieve this outcome. 

7.  Quality assurance sampling  

8.  Network sampling : for rare disease.  

9.  Transect sampling  

10. Replicated or interpenetrating sampling : a sample that is a set of samples each 

obtained using the same sampling plan. 

11. Randomised response technique : for sensitive questions 

12. Non probability sampling  
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Exercise 4: 

 

1. The NHMS was a health survey to determine the prevalence of hypertension in 

Malaysia, among other objectives. The target population is obviously the entire 

population of Malaysia, which is real and finite. A study population must still be 

selected from which to obtain a sample for study.  

 What study population would you choose? 

 How would you then obtain a sample from the chosen study population? 

 

2. In a clinical trial on drug A versus placebo in patients with disease X, the target 

population is all current and future patients with disease X . This is clearly a 

hypothetical population. The study population is patients seen in participating 

hospitals in the US, from which a sample is enrolled into the trial.  

 Would you be happy to apply the trial results to your patients in Hospital XX, 

stateYY, Malayisia.?  

 

3. The nephrologists are interested in knowing the total number of dialysis patients in 

the country. Such information is required to assess level of dialysis provision for 

patients with kidney failure, and therefore to assure that the provision is adequate 

and equitable. One research strategy is to survey dialysis centres and ask them the 

number of patients they have.  

 What are the target and study populations here? 

 How would you sample the study population? 

 What problems can you anticipate with this kind of survey? 

 

4. Nephrologists in the MOH dialysis units (50 in all) were interested in determining 

how long a given haemodialysis patients would live on average after commencing 

dialysis treatment(life expectancy)?  
 What are the target and study populations here? 

 How would you sample the study population? 
 

 

5. An endocrine surgeon was interested in showing that upper triangle exploration 

prior to thyroidectomy reduces the risk of injury to external laryngeal. He studied 

156 patients and explored 265 nerves.  

 

Question: what is the population and sample?  nerves or  patients? 
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6. The Deputy Minister of Health was reported to say “till April this year, 404 

students had been caught smoking, of which 160 were from Kelantan and none 

from KL and Sabah…….Kelantan has an increasingly serious problem with 

student smoking; the state Health Department ought to pay more attention to this 

problem: 

Do you agree with the Minister‟s (or rather the epidemiologist advising him) 

interpretation of the data? And hence his policy prescription (deployment of more 

resources to deal with student smoking in Kelantan)? 

Of course not. Try the following alternative interpretation of the data: 

a. Kelantan student are more stupid, they got caught easily. 

b. Kelantan enforcement officers are more zealous. 

c. Kelantan has more students (the floating numerator fallacy). 

d. Kelantan has more student smokers. 

e. All of the above 

 

As an exercise, try answering the questions below: 

a. What is the research question? 

b. What is the target population? 

c. What would be an appropriate sampling strategy? 
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5.  Is the sample size sufficient? or unnecessarily large? 
Sample size planning is essential in planning research 

1.  Sample size needed for adequate precision or power. Underpowered study is 

doomed and unethical. Excessive sample size is wasteful. 

2.  Research feasibility. Required sample size partly determines duration and cost of 

study, also need for multi-centre study. 

 

Examples:  

1. The recent NHMS survey sampled 59,000+ individuals. Is that really necessary? 

 

2. An obstetrician applied for IRPA grant to conduct a cross-over trial comparing 2 

preparations of hormone (standard vs new) for surgical menopause. The new 

treatment was expected to improve menopausal symptoms by 15% (80% vs 9 

improvement). Calculated sample size was 76 patients. On the basis of which, the 

trial is projected to take one year to complete (40 patients/centre/year X 2 centres) 

and to cost RM150,000. Should you give him the grant to do the trial if you were 

on the Research Committee that decides this? 

 

3.  An obstetrician saw me with a proposed trial to compare community birthing 

centre vs conventional hospital care. The trial objective is to demonstrate that 

community care is a safe alternative to hospital care. Adverse maternal event rate 

(intervention, haemorrhage, etc) in hospital care was 1%. I calculated the required 

sample size; it is 7000 subjects (3500 in each arm). I have not heard from the 

obstetrician since the first consultation. 
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Principles underlying sample size calculation in clinical trial:   

The approaches and the mechanics of calculating an appropriate sample size for a 

particular study obviously vary depending on the study objectives and study design. It 

is beyond the scope of this short note to cover all conceivable studies. I shall just 

illustrate the principles and mechanics for clinical trial to illustrate some of the issues 

involved. To understand the basis of sample size calculation, you need to understand 

how inference is made about treatment effect in a trial. The procedure used is called 

hypotheses or significance testing. 

In a typical trial comparing a new treatment versus placebo, the aim is to estimate the  

true response t in the treatment group (eg. mean response or proportion responding)  

and compare it with the estimate of the true response  c in the control group. The 

difference between t  and  c is the treatment effect. However, patients vary in their 

characteristics and responses, an apparent difference in response may be due to chance 

alone. We therefore need to test whether there is any true treatment effect at all       (ie 

t  -  c  >0). 

We set up the null (H0) and alternative(Ha) hypotheses as follow : 

 

H0 : t  =  c    ie no difference. 

Ha : t  >  c   ie true difference exists. 

The idea is to assess the weight of evidence on the basis of the observed data. If the 

evidence favours the null hypotheses, we accept it and conclude that there is no 

difference in response. On the other hand, if the evidence favours the alternative 

hypotheses, we reject the null hypotheses and conclude that true difference exists.  

 

The assessment of the weight of evidence is by estimating the probability that the 

observed difference t - c  in response could in fact have arisen purely by chance 

alone. The probability is called the P value. This is the probability that the difference 

as large or larger than that observed (t - c ) would occur if the H0 were true. If the P 

value is smaller than some pre-specified level say  , called the significance level, 

then we reject the H0 and conclude that there is a statistically significant difference in 

response between the 2 treatment. The  level is simply a rule that determines how 

small P must be before we are prepared to conclude a difference exists between the 2 

treatment. Of course, when we reject the H0, we are running a risk of making the 

wrong decision. There may in fact be no difference between the 2 treatment  yet we 

concluded that there was. This is called the false-positive error or Type I error ( ie 

error of rejecting H0 when in fact it is true). The probability of Type I error is in fact  

the significance level. Thus, by setting  at a low level, we minimise the risk of Type I 

error. 

On the other hand, the estimated P value may be larger than . In that case, we cannot 

reject the H0 and we conclude there is no statistically significant difference between 

the 2 treatment. This may be an error too. There may in fact be a true difference 

between the 2 treatment and yet we fail to reject the H0. This is called false negative 

error or Type II error . The probability of Type II error is .  
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Example: 

Consider an efficacy trial comparing a new anti-HT drug X versus placebo to 

demonstrate its pressure lowering effect. 

 

Terms Meaning: 

True response in 

treatment group on X, 

denoted t 

Estimated from the data by mean systolic BP in treatment 

group = BPt 

True response in the 

control group on 

placebo, denoted  c.. 

Estimated from the data by mean systolic BP in control = 

BPc 

Treatment effect  The difference between t  and  c , estimated by 

BPt  - BPc  = D 

Null hypotheses; 

denoted H0 

 

H0 : t  =  c    ie no difference between groups 

 

Alternative 

hypotheses; denoted 

Ha 

 

Ha : t  <  c   ie treatment effect is present, X does lower 

BP. 

 

P value  

 

The probability that the observed difference D in mean 

systolic BP could in fact have arisen purely by chance alone. 

This is the probability that the difference as large or larger 

than that observed (D) would occur if the H0 were true. The 

P value is calculated by applying so called hypotheses or 

significance test to the observed data. 

Significance level .  If the P value is smaller than some pre-specified level say 

0.05, then we reject the H0 and conclude that there is a 

statistically significant difference in response between the 2 

groups. The significance or  level is simply a rule that 

determines how small P must be before we are prepared to 

conclude a difference exists between the 2 groups.. 

False-positive error or 

Type I error. 

If P value is small, say <0.05, we reject the H0 but there may 

in fact be no difference between the 2 groups yet we 

concluded that there was. Thus, we have made an error , 

called Type I error, in rejecting H0 when in fact it is true. 

The probability of Type I error is in fact  the significance 

level. Thus, by setting  at a low level, we minimise the risk 

of Type I error. 

 

False negative error or 

Type II error. 

The calculated P value may be larger than 0.05. In that case, 

we cannot reject the H0 and we conclude there is no 

statistically significant difference between the 2 groups. This 

may be an error too. There may in fact be a true difference 

between the 2 treatments and yet we fail to reject the H0. 

This is called false negative error or Type II error. The 

probability of Type II error is . 
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Thus, an RCT is at risk of 2 types of error. Sample size planning serves to minimise 

these errors by pre-specifying the amount of risk we are prepared to accept before 

embarking on the trial. The smaller the risk we are prepared to accept, the larger the 

sample size would be required. 

 

Sample size calculation in practice : 

Sample size calculation requires the following specifications and considerations. 

Given the specifications, standard formulae are available for calculating the sample 

size, or you could look up tables (eg. Machin and Campbell) or easier still use a 

computer program (eg POWER).  

 

Basic specifications required : 

1.  Parameter of specified magnitude that is of interest /clinically worthwhile to detect. 

Example : RCT, delta  the clinically worthwhile difference to detect or effect size 

or in Epidemiologic study, association  (RR,OR) of specified magnitude . These 

are subject matter/clinical decision and there may be uncertainty concerning what 

is worthwhile. 

2.  Alpha  : the probability of Type I error  or the false-positive error  ( ie error of 

rejecting H0 when in fact it is true).  We want this to be low, typical values are 

0.05 or 0.01 

3.  Beta  : the probability of Type II error. The complement of which is 1- , referred 

to as power, is the probability of avoiding type II error. This is the probability of 

detecting a difference as large or larger than that specified if it exists ie probability 

of rejecting H0 when it is false. We want the power to be high, typical values are 

0.8 or 0.9 (corresponding to Type II error of 0.2 or 0.1) 

4.  A measure of variability of the chosen response measure in the study population. 

For example , standard deviation for quantitative response measure. 

 

 

Additional considerations : 
1.  Design considerations : 

 sampling : SRS or assumed iid, clustering and other design effect 

 matching 

 Experimental design : parallel groups with independent observations vs.  self-

controlled or matched design with dependent or paired observations. 

 randomisation in RCT : Individual vs. group or cluster randomisation, stratified 

randomisation , equal or unequal groups. 

 
2.  Uncertainty concerning effect size that is worthwhile to detect or that is equivalent: 

 Bayesian approaches : see Speigelhalter Stat med 1993 

 patient centred approach : see Naylor JCE 1994 

 

3.  Research questions : 

 only one overriding hypotheses 

 multiple hypotheses and subset hypotheses 
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4.  Summary statistics for response data type  : 

 response or outcome variable : proportion, mean,  ordinal data, survival 

function: timing is important. The intended power is realised only when 

sufficient events had occurred, not number of patients enrolled. 

 independent variable : binary, ordinal, continuous 

 

For more complex effect estimates, may simply manipulate the study to a comparison 

of proportion and use simple formula with minimal assumptions; which is 

conservative (inflate sample size). (Pocock, Statistician 1982) 

 

 

5. Operational considerations : like  non-compliance and drop-out  

 

           adjusted n‟ = n/(1 - R )
2
                  (Lachin CCT 1981) 

 

      where R is drop out rate eg 0.1 (10% drop out) 

 

 

6. Analysis :  

 interim analysis planned : need to inflate size accordingly. 

 final analysis : sample size estimation is based on the what methods are to be 

used (significance test). These tests require assumptions and sample size 

calculation must therefore take into account potential violation from these 

assumptions, which typically tends to inflate sample size , or based sample size 

on non-parametric methods. 

 

 

 

 

Finally, note that : 
 

1.  sample size calculation is only a rough guide 

2.  It represents a compromise between available resources and objectives (eg 

desired effect size). Iterations between sample size required and detectable 

effect size to arrive at final range of estimates. 

3.  Sensitivity analysis therefore useful : determine effect on sample size of varying 

specifications. 

4.  Assumptions and uncertainty inevitable : Need to check assumption during 

interim and revise sample size accordingly.  

 use of Internal pilot studies but beware ,see Wittes Stat med 1990, Fayer & 

Machin Br J cancer 1995) 
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Exercise 5: 

 

You are a medical statistician. Investigators have come to you for advice on sample 

size planning as follows: 

 

1. A RCT was planned to determine the efficacy of a new anti-hypertensive drug. 

The minimally clinically important lowering in systolic BP was considered to be 

10 mmHg (that is, drug that fails to lower systolic BP by that amount is not worth 

looking at). The investigators are uncertain about the likely standard deviation for 

systolic BP in the targeted patient population. It could be 15 to 25 mmHg.  

 

Calculate the range of sample sizes for power of 0.8 and 0.9, and alpha of 0.05. 
 SD 

Power 15 20 25 

0.8 

 

   

0.9 

 

   

 

 

2. Another RCT was planned to determine efficacy of a new drug for treatment of 

peptic ulcer compared with standard treatment on Ranitidine. Healing rate on 

Ranitidine was expected to be 60% based on, literature review and investigators‟ 

experience. A clinically worthwhile improvement in healing rate is considered to 

be about 10-15%. What is the required sample size? 

 

 

3. A multicentre RCT was planned to determine the efficacy of Mycophenolate 

mofetil (MMF) compared with IV Cyclophosphamide pulse therapy in severe 

proliferative lupus nephritis. The primary end-point was renal death (defined as 

ESRF or doubling of sr. creatinine form baseline) or patient death. Local 

experience suggests the expected probability of survival to the end-point at 5 years 

is 50%. The trial was planned to detect 50% improvement in survival. Calculate 

the required sample size. 

 

4. A community survey was planned to determine the prevalence of 

Hypertension(HT). Subjects are to be sampled by simple random sampling. Based 

on results from previous surveys, we expect prevalence of HT to be around 25%. 

We wish the precision to be + 5%, that is 95% confidence interval of 20%-30% 

(equivalent to determining prevalence to within 5/25=20% of true value). 

Calculate the required sample size. The formula to use is:  n = (1.96/precision)^2 * 

p(1-p);  where p is the expected prevalence. 

 

- What if subjects were to be sampled by stratified cluster sampling? Use the 

formula n‟ = n * (1+[m-1])*r) where m is size of cluster and r is intracluster 

correlation. 

- What if you have no idea at all what is the expected prevalence? 
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6. What to measure and how to measure? 
Definitions of some terms: 

Variable attributes or characteristics of subject that vary and that are measured in a 

research. Any quantity that varies. Any attribute, phenomenon or event 

that can have different values  

(Last , Dictionary of epidemiology) 

 

Measurement  Broad definition : classification of objects and events in which a 

certain sign (numeral, letter or word etc) is assigned to each defined 

class. (Goude 1962) 

 Restrictive : assignment of numerals to objects and events according 

to rules (Stevens 1951). 
     Note that numeral signs are always used for purpose of analysis and 

rules for numerical classification are essential for scientific rigour.  

 Extension : in social science, phenomenon to be measured are neither 

object nor event, but are abstract attribute like intelligence, QOL, etc 

that are not observable or directly measurable. Thus, an alternative 

definition of measurement is , „measurement is the process of linking 

abstract concepts to empirical indicants‟ (Zeller and Carmines 1979). 

The process involves an explicit organised plan for classifying and 

assigning numbers to the observable response (eg observable 

behaviour, response to questionnaire) in terms of the underlying 

unobservable and directly unmeasurable concept that is represented by 

the response. Thus what is measured may not be the variable of real 

interest but some indirect indicator of it.  

( Armstrong, Principles of exposure measurement) 

 

Measurement 

properties  

characteristics that determine the quality of a measurement. It refers to 

the types (random and systematic) and amount of error in the 

measurement. On the basis of which, one determines the acceptability of 

the method of measurement. Decision on acceptability is judgement as to 

what amount or type of error is tolerable.  

Reliability and validity are the two basic properties of a measurement 

method. Reliability is fundamental, a measurement must be reliable 

before it can be valid. A valid measure is always reliable but not vice 

versa. 

Reliability 

(precision, 

consistency) 

The extent to which a measurement yields the same results/values on 

repeated trial using the same method of measurement. (Technically, it is 

the proportion of variance not attributable to random error.) 

 It is useful to further distinguish 2 types of reliability: 

 repeatability : closeness of agreement between replicate results 

obtained with the same method under the same conditions (same 

observer or operator, same apparatus/equipment, same setting/lab, 

same time.) Assess by replicate measurements obtained by single 

equipment or observer measuring the same subject or specimen 

repeatedly under same conditions. 

 reproducibility : closeness of agreement between replicate results 
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obtained with the same method under different conditions (different 

observer or operator,  apparatus/equipment, setting/lab and , same or 

different time.) Assess by replicate measurements obtained by 2 or 

more equipment or observers each   using the same method of 

measurement. This is necessary if more than one equipment or 

observer are to be used in the study. 

 

Validity 

(accuracy, 

method bias) 

 

conceptually this is the extent to which a measurement method measures 

what it is intended to. Obviously what is intended is that the 

measurement yields the „true‟ value of an attribute being measured. This 

however cannot be determined as there is no such thing as an absolutely 

valid or accurate measure. 

In practice, validity is determined depending on the availability of a gold 

standard measure (best approximation to the „true‟ value available). 

 

1.  Criterion validity : gold standard measure available. 

Assess by replicate measurements on the same subject or specimen are 

obtained by 2 methods; one is the test method and the other is a 

definitive or reference method taken as the gold standard. 

 

2.  Non-criterion validity : no gold standard measure available. 

For many measures (measure of abstract concept), there is no gold 

standard measure. Other approaches required to assess validity. 

a.  Approximation by repeatability measure since measurement 

reliability sets upper bound for validity. 

b.  Face validity : do the instrument (items in a questionnaire for 

eg.) appear on the surface to be measuring what they actually 

are? As judged by experts and others with experience including 

subjects in the field. 

c.  Content validity : do the instrument (items in a questionnairefor 

eg.) relate to the each dimensions of the concept being measured 

(content relevance) and are all dimensions represented by one or 

more items(content coverage) ? As judged by experts and others 

with experience including subjects in the field. 

d.  Construct validity : the theory that specify the relationship 

between a measure (the empirical indicant) and the concept it is 

intended to represent can generate hypotheses to be tested. 

Support of hypotheses on the basis of data generated by using 

the measure provide evidence for construct validity.  

e.  Comparison with establish methods though they are not gold 

standard : eg discriminant and convergent validity assess by 

multi-trait multi-method analysis. 

 

 

 

 

You need to: 

a. Specify what variables to include? 
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b. For each variable, specify its definitions, measurement method and properties, and 

data expression. 
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a. What variables to include in a study?    

Some guidelines for selecting variables to include in a research 

For all research : 

1.  Key variables : variables most obviously relevant to study objectives. They are 

specifically mentioned in the formulation of study objectives. 

 dependent or outcome variable : a manifestation or outcome whose variation the 

study seek to describe, explain or account for by the influence of independent or 

explanatory variables. E.g. in a RCT, the response to intervention under 

investigation. 

 study variable/factor of interest : the independent/explanatory  variable that is 

hypothesised to influence the outcome variable under study;  the hypothetical 

causal variable. E.g. in a RCT, the intervention under investigation. 

 

2.  Variables that delineate or define the study population : 

 who? (eligibility criteria) when? (time)  and where? (place and setting) 

 crucial for determining study generalisability and sample adequacy. 

 

3.  Universal variables : variables routinely included in all research : 

 identifier : name (ID), identity card # , address/residence, centre. 

 socio-demographic : age, sex, ethnic, marital status, education, socio-economic 

status, occupation. 

 

4.  Time variable : always include dates. Important ones are dates of entering study, 

date of disease diagnosis and  outcome event, dates of various measurements. 

 

5.  All known covariates : 

 Control variable is independent variable other than the study variable of interest 

that has a potential effect on the outcome under study and that is subject to 

control by analysis. For example, in study on clinical outcome, this is known as 

prognostic factors which include severity of disease, comorbidity and its 

severity, functional status, duration of illness and its rate of progression. 

 Confounder is a variable that can cause or influence the outcome, is not an 

intermediate or intervening variable and is associated with the study variable 

under investigation. All confounders are control variables but not vice versa. 

(Note that even for RCT where randomisation tends to produce balance groups 

with respect to both known and unknown confounders, in any sample there is no 

guarantee of balance.) 

 Effect modifier: independent variable that could modify the effect of the study 

variable of interest. To include if specified in subset hypotheses or for 

exploratory analysis. For example, effect of many drugs may vary by age, age is 

then an effect modifier. 

 

 

In addition, for clinical research : 

6. Disease related variable : 

 diagnostic criteria 

 Clinical variable : data obtained from observation made by doctors. Such data 

require sophisticated clinical knowledge to acquire, interpret and appreciate. 

May not measurable in customary dimensions of laboratory data. Then need to 
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create arbitrary rating scale or indexes (clinimetric), eg Apgar score, NYHA 

classification for heart failure. 

 paraclinical variable : data obtained via technologic procedures eg X ray, 

histopathology, lab data. 

 

7.  Treatment related variables : 

 treatment variables : nature of intervention and its regimen, duration etc.  

 technical competence of intervention eg procedure 

 patient compliance measure 

 co-intervention or ancillary care : additional or unplanned treatment. 

 

8. Decisional  variables : the reasons for decisions made by doctors or patients 

 treatment decision  

 iatrotropic stimulus : reason patient sought care 

 referral source and decision : reason patient was referred and thus included in 

study. 

 diagnostic stimulus : reason particular test was ordered. 

 

 

b. Specification of each variable included : 

1. Conceptual definition : how variable is conceptualised, meaning of a variable, 

theoretical ideas about a variable. 

 

2.  Operational definition : specify how a variable is to be measured. This must be 

stated clearly and explicitly, particularly for all key variables. 

 

a.  Simple or composite variable: simple variable is measurable as a single entity eg 

age, height, sr creatinine;  composite variable consists of component variables 

which are combined together by defined rules (criteria), each component 

variable being separately measured, eg Apgar score. 

 

b.  Method of measurement or instrument :  4 basic instruments ; observation ( by  

investigator or self (diary), Questionnaire (self or interviewer administered), 

Chemical or physical measurement on subject or object, Data abstraction from 

documentary source. 

 

c.  Measurement properties : these are characteristics that determine the quality of a 

measure (reliability, validity, responsiveness etc). These must be known 

particularly for new, non-standard or established, or subjective measures 

(questionnaire or interview); if necessary by doing a reliability or validation 

study. 

 

d.  Data expression of variable and measurement scale:  

          this is either numeric (eg years for age, mmol/L for sr creatinine) or verbal (eg 

breathless at rest). If verbal, specify criteria for data conversion into categories 

(eg breathless at rest=NYHA class 4). Scale may be quantitative or categorical 

(nominal, binary, ordinal) 
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Exercise 6: 

1. An anaesthetist reported in a Quality Assurance study that 96% of patients 

undergoing anaesthesia for various operations in his department were satisfied 

with the care provided. Patient satisfaction with care was determined by 

interviewing patients on the day of discharge. Do you believe the results? 

 

Many doctors had wondered what it means to validate a questionnaire instrument. 

Here is an example: 

2. Nephrologists wish to determine the quality of life(QOL) outcome on dialysis in 

their practices. After an initial literature review, a QOL assessment instrument, the 

Spitzer‟s QL index, was chosen for use. Prior to widespread application among 

patients, it is necessary to validate the instrument. A study was done to determine 

reliability, validity and discriminatory ability of QL-index in dialysis patients.  

Spitzer‟s QL index contains 5 items, each measures a dimension of QOL, viz activity, 

activities of daily living, general health, social support and psychological outlook. 

Each dimension is scored on a scale from 0 (worst) to 2 (best on that dimension). 

Main interest however is on summation of the 5 scores to give a total score ranging 

from 0 to 10. Results follows: 

Table I : Reliability of Spitzer’s QL index in dialysis patients 

  Inter rater agreement Intra rater agreement 

 Score 

range 

 

 

n 

Percentage 

agreement 

mean (range) 

Weighted Kappa 

mean (range) 

 

 

n 

percentage 

agreement 

mean (range) 

Weighted  

Kappa 

mean (range) 

Activity 0 – 2 58 0.70 (0.46-0.9) 0.53 (0.29-0.75) 54 0.73 (.57-.9) 0.62 (0.58-0.66) 

ADL 0 – 2 58 0.74 (0.53-0.9) 0.41 (0.15-0.68) 54 0.76 (.61-.9) 0.61 (0.45-0.78) 

General health 0 – 2 58 0.73 (0.67-0.8) 0.44 (0.35-0.52) 54 0.85 (0.71-1) 0.72 (0.43-1.00) 

Social support 0 – 2 58 0.82 (0.64-1) 0.61 (0.07-1.00) 54 0.87 (0.75-1) 0.79 (0.57-1.00) 

Psychological 0 – 2 58 0.77 (0.61-0.9) 0.40(0.14-0.68) 54 0.91(0.82-1) 0.79 (0.58-1.00) 

   intra-class correlation coefficient 

mean (range) 

 intra-class correlation  

mean (range) 

Total score 0 -10 58 0.66 (0.47-0.81) 54 0.71 (0.68-0.73) 

 

Table II : Systematic difference (bias) in QL-index scores between raters 

 Centre 1 (n=28 patients) Centre 2 (n=30 patients) 

Dimension rater 1 vs 

rater 2 

rater 1 vs 

nephrologist 

rater 2 vs 

nephrologist 

rater 3 vs 

rater 4 

rater 3 vs 

nephrologist 

rater 4 vs 

nephrologist 

Activity ns * * * ns ns 

ADL ns * ns * * ns 

General health ns ns ns ns * ns 

Social support ns ns * ns ns ns 

Psychological  * ns * ns * ns 

Total score ns * ** ns ns ns 

ns   : No significant systematic difference (bias) in score (p>0.05) 
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7. To be biased is human? Still the researcher must deal with it 
“the sin is not in doing the research; nor even in publishing the results.  

 The sin is in believing your results.”  

   Sandy Greenland, Epidemiologist. 

 

There are basically 2 types of error in research. One is random error due to random 

variation in subjects‟ responses or measurement. Inferential statistics (the p value and 

95% confidence interval) measure the amount of random error and thus allow us to 

draw conclusion based on our research data (see later on Inferential statistics, page##). 

However, there is another type of error, bias or systematic error. P value or 95% 

confidence interval(CI) tells us nothing about the amount of bias in our results (in fact 

it assumes there is no bias). One should attempt to avoid bias as far as is possible, 

otherwise it requires separate assessment using entirely different statistical methods. 

Unfortunately, because its assessment is not ritualised in research practice and less 

easily automated using commercial statistical software (unlike the routine calculation 

of P value and 95% CI), it is frequently neglected. Bias is in fact a far more common 

reason for invalid research. 

 

It is important to consider all possible sources of bias in the planning of a research so 

that one may : 

 incorporate design techniques to avoid them.  and /or   

 obtain additional information to enable bias correction at analysis stage.  

 

Bias : definition 

 deviations of results or inferences from the truth, or processes leading to such 

deviation. Any trend in the selection of subjects, data collection, analysis, 

interpretation, publication or review of data that can lead to conclusions that are 

systematically different from the truth. (Last Dictionary of epidemiology) 

 systematic deviation from the truth that distorts the results of research. (Sitthi 

Lancet 1993) 

 

Effects of bias : 

 depending on the type,  bias can threaten either or both the internal validity 

(soundness of conclusion drawn) and external validity (generalisability of results to 

other populations or setting).  

 measurement bias contributes to poor measurement reliability, thus decreasing 

power of study or inflating sample size required. 

 

General classification of bias : 

1.  Selection bias . 

2.  Confounding bias . 

3.  Measurement bias . 

4.  Information bias . 
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1.  Selection bias . (in entire study group) 

 error due to systematic differences in characteristics  between those who are 

selected for study and those who are not. (Last Dictionary of epi) 

 the selected sample is not representative of the universe of which it is a part. 

(Hill Principles of medical stat 1971) 

 this can occur at any stage of the research process: 

 study population selection : volunteer, occupational group, outdated or 

inadequate sampling frame, hospital patients, non-inception cohort or 

survivors only, autopsy series, incomplete ascertainment of all eligible 

subjects. 

 sampling or study subjects selection and participation : unit non-response, 

non-consent, subverted random sampling, self-selection (volunteer, healthy 

worker, your friendly neighbour or colleague) 

 follow-up : non-random cohort attrition (drop out bias, informative 

censoring), non-random item non response (missing data) . 

 analysis : as treated analysis, imputation for missing data, modelling error. 

 

2.  Confounding bias . (between comparison groups in analytic research) 

 error due to systematic differences between comparison groups (eg treatment vs 

control, case vs control or risk factor present vs absent) with respect to their 

susceptibility to the outcome under study. 

 distortion of the effect of an exposure on risk because of the association of the 

exposure with other factor(s) that influence the outcome under study. (Last 

Dictionary of epi) 

 mixing of the effect of the exposure under study on the outcome  with that of a 

third extraneous factor. For the extraneous factor to be a confounder, it must be 

an independent risk factor of the outcome, it must be associated with exposure, 

and it must NOT be an intermediate step in the causal pathway between 

exposure and outcome. 

 this occurs in all observational study as a result of non-randomised allocation to 

comparison groups. 

 

3.  Measurement bias . (in the entire study group) 

 error due to systematic differences between the measurements of subjects on 

study variable and the true value of the variable. (Last Dict, of epi) 

 error arising from using inaccurate or invalid method of measurement. 

 

4.  Information bias . (between comparison groups in analytic research) 

 error due to systematic differences in the quality of the exposure or outcome 

measures(information) of a study between comparison groups. 

 this occurs during data collection. Examples are: 

 non-blinded evaluation of outcome in cohort study 

 exposure recall bias in case-control study 
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Methods for controlling bias : 

The key to dealing with bias is to identify possible sources of bas in a study at the 

planning and design stage and to alter the design accordingly (employ design 

techniques and quality control procedures to avoid those biases). Otherwise, obtain 

additional information with view to correcting or adjusting for the bias at the analysis 

stage. Finally, when all else fail, be honest, report to what extent observed results 

could have been affected by bias (sensitivity analysis) 

 

1.  Avoiding bias : 

a.  Design techniques : “Prevention is better than cure”. In this case, definitely. 

 defining study population : population based study less vulnerable. 

 complete ascertainment of eligible subjects or cases. 

 sampling : probability sampling required to ensure representative sample. 

 experimental design for RCT : parallel groups design best. Others like self-

controlled design, historical control etc prone to biases. 

 randomisation : random allocation to comparison groups to avoid selection bias 

by investigators as well as to minimise confounding bias. May need to stratified 

randomisation on important prognostic factor esp for small study or for rare 

factor. 

 matching on important confounder. 

 restriction of subjects to obtain homogenous group.  

 Selection of control in case control study : to equalise incentive or motivation to 

recall, use a third control arm that has similar disease but not disease under 

study. Example, congenital abnormality study, case mothers, normal control 

mothers, a third group of other abnormality. 

 strategy to maximise participation rate (response, consent), and to to maximise 

complete follow up 

 blinding of subjects, investigators and / or statistician . 

 use of matched placebo in RCT. 

 

b.  Quality control procedures in data collection ; see later. 

 

2.  Correcting bias : plethora of methods, new ones keep being invented; unfortunately 

most are too technical for this course. Consult your friendly statistician. 

Confounding bias : 

 collect covariate data for confounding adjustment by standardisation, stratified 

analysis or modelling or propensity score method. See example and data set in 

Part 2: Medical Statistics later. 

 

     Selection bias : 

 use of known external information (eg study population total, subtotals) to 

correct non-coverage; ancillary or design information (eg stratifying factor, 

cluster information) to correct cluster level non response 

 Intensive or extra effort to obtain data from random sub sample of non-

respondents to correct unit non-response bias. 

 Imputation for item non response/modelling missing data mechanism 

 intention to treat analysis for protocol deviations in analysis of RCT data. 

 correction for drop out bias, verify random censoring 

 etc 
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      Measurement or information bias : 

 use of external validation data (literature, pilot study) to correct 

 use of second stage sample validation data to correct  

 etc. 

 

3.  Estimating magnitude and direction of bias : sensitivity analysis of bias 

 estimate potential magnitude and direction of bias.; example worst case and best 

case analysis in determining effect of bias 

 Sensitivity analysis to test robustness of results. 

 When all else fail; come clean. Be fair, warn the readers about potential 

limitations of the research; they are NOT idiots. 
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Exercise 7: 

 

 

1. The NHMS was a multi-purpose health survey to determine the health status, of 

Malaysians, among other objectives. It employed a stratified 2-stage cluster 

sampling design to sample 59,000+ individuals throughout Malaysia. The graph 

below shows the age distribution of Malaysia in 1996 and NHMS sample. Do you 

have problem with such a sample?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note that this is an official large-scale survey with huge sample size. It utilised 

standard probability sampling design executed by professional statistician using the 

most up-to-date sampling frame available. What chance other surveys in obtaining 

representative sample? 

 

 

2. Another health survey was conducted in Kuala Langat district to determine the 

distribution and variation of peak expiratory flow rate as measured by mini Wright 

peak flow meter (Med J Malaysia 1999). 1414 elderly subjects (age>=55) were 

sampled through various free health screening clinics set up for the survey purpose 

(ie convenient volunteer sample). The investigators asserted that “the sample 

studied was broadly representative of elderly people in this area” on account of 

comparability with local census data but the sample description was sketchy and 

no comparison with local census data was shown. We do know indirectly that 

Kuala Langat has 50.1% Malay, 27.3% Chinese, 18.5 % Indian and 4.1% other 

races. The sample ethnic distribution was 70% Malay, 16% Chinese, 13% Indian 

and 1% others. Do you agree with the investigators‟ assertion? 
 

Age distribution: Malaysia vs NHMS2 sample
age group

0

383547

 Malaysia  nhms_age

1-14 15-24 25-34 35-44 45-54 55-64 >=65
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The investigators further asserted that “under the circumstances it is unlikely a 

more representative sample would have been obtained by expending resources … 

in inviting randomly selected individuals to attend [the survey]”. Do you agree 

with the assertion? 
A few lessons from this example: 

1. Never assert, provide data to back up your case. Who cares about opinion 

if data is available to show one way or another.  

2. Trust your readers to make their own judgement. Show them an adequate 

description of your sample. (typical table 1 in research report) 

3. A non-representative sample is not necessary fatal. Remember the NHMS2 

example; the sample was “non-representative” (not just for age; ethnicity 

and other characteristics too) but so long a probability sample has been 

obtained (as opposed to volunteer sample, almost always fatal that one),  

correction for selection bias is possible. Just ask your friendly statistician. 

 

 
 

3. A group of diabetologists conducted an audit on diabetes care in 10 hospitals in 

Malaysia. Each hospital was requested to recruit 100 or so diabetic out-patients for 

the audit. Overall, 1050 patients were assessed by interview and various blood and 

urine tests.   

Conclusion: Standard of diabetes care was generally found to be poor. 

 

Before we accept the conclusion, what questions might you want to ask about the 

sample? 

 

 

4. Back to NHMS survey. One of its components was to determine the prevalence of 

psychiatric morbidity as assessed by GHQ-12 instrument (an internationally 

recognised questionnaire instrument for case detection, recommended by WHO). 

30,114 adults age>=16 years completed the questionnaire (86% response rate). 

The crude prevalence estimate (corrected for selection bias due to non-response) 

of psychiatric morbidity was 16%. Obviously, the questionnaire is not a 

completely reliable and valid measure of psychiatric morbidity; but at least it is 

cheaper than sending consultant psychiatrist round the country interviewing 

30,000+ individuals. Pre-test has shown that GHQ-12 in our population has 

sensitivity of 86% and specificity of 85%, against diagnosis by consultant 

psychiatrist using standard research instrument.  Thus, correcting for the 

measurement bias associated with using an inferior instrument (relative to 

psychiatrist‟s diagnosis), guess the direction and magnitude of the bias in the 

prevalence estimate? That is, what is the prevalence estimate had the investigator 

sent psychiatrists around the country to determine psychiatric morbidity. 
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5. In a survey on nosocomial infection in a hospital, 645 in-patients were studied on 

a single day (all patients with endotracheal tube(ET) tube and 50% sample of 

patients without ET tube). The relation between nosocomial infection and ET tube 

is shown below: 

 Endotracheal tube  

 Yes No  

Nosocomial infection    

- present 7 (64%) 90 (14%)  

- absent 4 544  

 11 (100%) 634 (100%) 645 

Odds ratio (OR)=10.6    

Conclusion: the “risk” of nosocomial infection is 10.6 times higher for patients with 

ET tube. Do you agree? 

 

Answer: The bias is here is the so-called Length or Incidence–prevalence bias. 

Patients who had ET tube and nosocomial infection almost certainly will have longer 

duration of disease compared with patients without ET tube. They are definitely more 

severely ill for a start. In this case, the mean duration of illness was 18 days for 

patients with ET tube, and 6 days for those without. 

 

Thus, correcting for the bias, the “risk ratio”  = 3.5  ; a more reasonable figure. 

 

6. An observational study was conducted comparing the success rates in removing 

kidney stones of open surgery (OS) versus percutaneous nephrolithotomy (PCNL). 

Overall, OS had success rate of 78% (273/350) while PCNL had rate of 83% 

(289/350). Before concluding that PCNL is superior (note, this is not an RCT), 

any urologist would tell you that a critical factor that determines both choice of 

surgery as well as success is stone size. Account must therefore be taken of stone 

size, as shown below: 

 

Stone < 2cm 

 

Stone >=2cm 

OS  success rate     = 95% (81/87) 

PCNL success rate = 83% (234/270) 

 

OS  success rate     = 73% (192/263) 

PCNL success rate = 69% (55/80) 

 

 

Now, is OS or PCNL better? And how is that possible? 

This is in fact a well know bias, referred to as Simpson‟s paradox (SimpsonEH. JR 

Statist Soc B 1951) 
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7. This is a study of mortality among diabetics. Overall, only 29% of Insulin 

dependent diabetics (IDDM) compared with 40% of non-insulin dependent 

diabetics (NIDDM) died after certain number of years of follow-up. Now any 

physician will tell you that NIDDM patients are generally older than IDDM, and 

older people died more often. The table below shows the mortality rate by age 

group: 

 
Aged<=40 Aged >40 

NIDDM mortality rate =0% 

IDDM mortality rate    =1% 

NIDDM mortality rate =41% 

IDDM mortality rate    =46% 
 

Who has the better prognosis?    

 
 

8. A case control study of the relationship between maternal use of illegal drugs 

during pregnancy and infant birth defect was conducted in an area with high 

prevalence of drug abuse. Among 100 mothers of children with birth defects, 19 

had use illegal drug during pregnancy, while only 5 mothers of control children 

had been similarly exposed. The odds (“risk”) of birth defects is therefore 4.5 

times higher among drug abuser ( ie odds ratio is 4.5). 

However, eliciting information on illegal drug use is known to be difficult. In pre-

tests mothers of children with birth defect were highly motivated. Almost all 

accurately disclose any drug use (sensitivity=1); in fact 10% of non-user during 

pregnancy felt compelled to disclose drug use before pregnancy (specificity=0.9). 

On the other hand, among control mothers, only 50% would admit to drug use 

during pregnancy (sensitivity=0.5) and among non-drug users, all happily and 

accurately reported no drug use (specificity=1). 
Now, would you care to guess the odds ratio after correction for the information 

bias (the accuracy of the information obviously differs between the 2 comparison 

groups, case versus control). 

 
 

 

9. This was a follow-up study of 34 patients with end-stage heart failure who were 

potential candidates for cardiac transplantation (Ann Int Med 1971).20 of these 

underwent transplantation while 12 died while awaiting suitable donor. Survival 

was significantly prolonged among transplanted patients. Follow up study for an 

even larger series similarly conformed the dismal prognosis of untransplanted 

patients, survival at 6 months was less than 5% (J Thorac CV Surg). The aurgors 

concluded, “the efficacy of cardiac transplantation is not disputable.  Do you 

agree? 

 

Can you spot the bias? (this is now known as Gail‟s fallacy (Ann Int Med 1972)) 
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10. An example from a diagnostic performance study.  The Department of Urology 

HKL launched a Prostate Awareness week during which 1728 patients had digital 

rectal examination (DRE) and tPSA done, among other tests (Trans-rectal US, 

prostate symptoms score etc). Of these, 224 subjects went on to have prostate 

biopsy performed to determine the presence of prostate CA on account of being 

screen positive (mainly tPSA>=4 or suspicious DRE but also other criterion like 

TRUS findings etc). 12 were diagnosed to have prostate CA. The results for 

assessing the diagnostic performance of tPSA (at cut-off of 4 or higher; this is 

arbitrary, any level could have been chosen) in screening for prostate CA are 

summarised below: 

 Prostate 

CA present 

Prostate CA 

absent 

Positive tPSA 11 (92%) 124 

Negative tPSA 1 88 (42%) 

 12 (100% 212 (100%) 

Hence the sensitivity is 92% and specificity 42%. On these results, tPSA appears 

to perform adequately at least as a screening test (high sensitivity). Do you agree? 

 

Hint : the selection probabilities for biopsy (ie verification) are as follows: 

 Positive DRE Negative DRE 

Positive tPSA 83% 78% 

Negative tPSA 34% 1% 

 

The bias corrected sensitivity and specificity turn out to be 8% and 90% 

respectively. Are you still impressed by the results? What went wrong? 

 

11. This was a follow-up study to compare the rejection experience of 2 groups of 

renal transplant patients, viz 257 local Live donor transplants and 126 Commercial 

cadaver transplants performed in China between 1990 and 1997 seen at HKL. 

Probability of being free from rejection at 1-year follow-up was 81% for 

commercial cadaver and 65% for live donor transplant (p<0.01) as shown below. 

In conclusion, outcome of commercial transplant is superior, or at least not 

inferior, to live donor transplant, with respect to rejection. Do you agree? If not, 

why not?
Kaplan-Meier survival estimates, by tx_type
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12. Sensitivity analysis. Many observational studies on human subject have shown 

smokers have greater risk of lung CA than non-smokers. Still, it is easy for critics, 

including none other than Ronald Fisher himself, to come up with reasons why 

smokers may differ from non-smokeres in other ways to explain the difference. 

For example, smokers may be constitutionally (genetics, social environment, etc) 

prone to take up smoking, and the same constitutional factors, rather than 

smoking, pre-dispose them to lung CA. A very reasonable explanation; in 

principle, in all observational studies (as opposed to RCT), such so called hidden 

bias is always a possibility.  

In this case, since we cannot ethically randomise subjects to smoke or not to 

smoke, we can never settle the question of hidden bias. Nevertheless, we can 

indicate the degree to which the study is sensitive to hidden bias, which was what 

Cornfield did (J Natl cancer Inst 1959). He asked, “Suppose that we have omitted 

a variable (eg the constitutional factor) because we couldn‟t measure it, what 

would the variable have to be like if it were to explain away the association 

between smoking and lung cancer.” He did some complicated calculation and 

concluded that the omitted variable will have to be almost a perfect predictor (ie 

Relative Risk -> infinity) of lung cancer and about 10 times more common among 

smokers than non-smokers. Now, would you say such a variable (constitutional 

factor) exists? That scientists haven‟t been able to identify it yet? 

This example illustrates the power of sensitivity analysis. This is an early example. 

Sensitivity analysis is getting a lot more sophisticated. Unfortunately it is too technical 

for a course like this one. Still the underlying idea is the same.
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Practical : Research planning, preparation and conduct 
 

Having good research idea and methodological skills alone are not enough. Actual 

planning, preparation and conduct of a research unfortunately require considerable 

interpersonal and organisational skills, meticulous preparation and plenty of support 

and of course resources (money that is).  

 

Planning phase: At the initial stage of planning to embark on a research, you will need 

to assemble a core group of like minded investigators and other support personnel. 

One of the investigators, the principal investigator, will lead the group. The immediate 

task is often to develop an impressive protocol, on the basis of which you hope to 

secure approval and funding for the research. 

 

Preparatory phase: After obtaining funding and approval for the proposed research, 

detailed preparation may commence which should include the following : 

 Organisation : various committee are required but strong leadership provided by 

principal investigator is crucial. Responsibilities must clearly be delineated, and 

for large study, a coordinating centre is required. 

 Recruitment : various strategy to maximise co-operation or participation by 

centres and subjects. 

 Data issues :  data collection (equipment and study forms), data management, 

quality control procedures to ensure data quality. 

 Pilot studies/ pre-tests : address potential methodological and operational 

problems 

 Training and instruction : on recruitment and informed consent procedures, use of 

instrument, data collection and other organisational and operational procedures.  

 For all the above, detailed operational manuals are required. 

 

Operational phase :  At this stage, the operational manual has been drawn up, 

organisation developed, recruitment procedure are ready, data issues settled, pilot 

studies done and problems ironed out, all necessary training and instruction 

completed, you are raring to go. And hopefully everything goes according to plan; but 

chances are all hell will break loose, be warned.  

In this phase,  

 prevention of boredom is important - have regular meetings with and feedback for 

co-investigators and data collectors. 

 quality control surveillance must be active. 

 

Some of the above issues are addressed below: 

 Protocol development 

 Approval and funding 

 Ethical issues 

 Data collection, management and quality control 

 Pilot study/pre-test  

 



 53 

 

1. Protocol development 

The immediate task when embarking on a research is to develop the research protocol, 

investigator‟s brochure and other necessary documentation.  

Protocol : document containing information on purpose, design, conduct and analysis 

of a research.  

Contents of protocol should include : 

1.  Protocol synopsis 

2.  Rationale and motivational background justifying the proposed research.  

3.  Literature review 

4.  Formulate research objectives / hypotheses 

5.  Study design : overall design; study population, sampling and sample size; study 

variables and measurements, design techniques to avoid bias. 

6.  Plan for data collection, management, data quality control and analysis. 

7.  Work plan : time table or time schedule of research project. 

8.  Data management and quality control 

9.  Statistical considerations 

10. Ethical considerations : experimental study, informed consent, access to 

confidential records, invasion of privacy, procedures for participant care and 

dealing with adverse event. 

11. Administrative matters 

12. Pilot study or pre-test planned. 

13. Budget : personnel, data handling, travel and accommodation, equipment, 

materials and supplies.  

14. Appendices and references : letters (collaborators, approval), instrument, 

description of method (esp unpublished one), investigator‟s brochure (often a 

separate document), references. 

 

The best way to learn how to write an impressive protocol is to follow the SOPU 

principle (steal other people‟s idea unashamedly). Actually there is no shame in that, 

imitation is the highest form of flattery. Therefore, feel free to copy mine (I can‟t 

show you others; they are meant to be confidential document) 

 

2. Approval and funding 

Somebody somewhere will always be watching and, of course we are always long on 

ideas but short on money. You will need to impress some people and hopefully 

sufficiently for them to cough up the dough. 

Approval : you must secure approval from various parties involved. 

1.  Research review committee. These guys assess the scientific integrity of the 

proposed research 

2.  Ethics committee if necessary; must for experimental study. These guys assess 

the ethical propriety of the proposed research. 

3.  Collaborating centres. 

4.  Administration or doctors for access to documents or subjects. 

5.  Supporting lab, computer facilities and others. 

 

Funding : must secure necessary funding from various sponsors. 
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See Appendix C on how to obtain approval for research conducted within Ministry of 

Health (MOH) facilities or involving MOH staff; and how to apply for IRPA funding. 

 

 

3. Ethical issues 

a. Benefit and risk: 

 What positive benefits for participants and for society? 

 What risk for participants? If present, what mechanisms are there for dealing with 

risk? 

b. All research should be conducted according to written protocols that specifically 

address ethical issues. The protocol is testimony to the fact that investigators have 

sufficiently thought through the proposed research concerning its justification, 

scientific quality and ethical propriety. 

 

c. Informed consent. 

1. Usually necessary but not always so :  

 community trial with group randomisation  

 similar treatment with differing regime only . 

 equivalence trial of drug with proven efficacy against placebo 

 patient with acute distress; consent from relative? 

 cancer : patient may not be informed of diagnosis in the first place. 

 

2. How done?  

 How informed is informed consent? fully informed consent, including interim 

results or mere lip service 

 patient information leaflet useful 

 written consent vs verbal approval 

 particularly difficult groups : paediatric, cognitive impaired, acute distress 

 Protecting participants from coercion or penalties for non-participation. 

 Right to withdraw from study 

 

d. Privacy and confidentiality : 

 specify how this is to be assured; eg not collecting identifier data. Inform subjects 

about this 

 specify who will have access to data 

 specify how data will be stored and disposed of, data security procedures  

 

e. Participant care: 

 Mechanisms for dealing with risk, adverse event, protection of privacy and data 

confidentiality and complaints. 

 Feedback to participants 

 Stopping rules, especially for trial, prior to planned termination. 

 

f. Approval from local ethics committee :  

 approval that study is ethically acceptable 

 approval for informed consent procedure (omission of informed consent) 
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g. Read the International ethical guidelines for biomedical research involving human 

subjects and the Helsinki declaration : general requirements of clinical research. 

See Appendix E. 

 

4. Measurement and data collection, management and quality control  

No research is better than the quality of its data .  

Measurement refers to not only the method itself but also all aspects of the 

measurement process. Each step in the measurement process must be clearly specified 

with respect to its design and construction to ensure good measurement properties (ie 

validity/accuracy and reliability/precision). Data collection begins with acquisition 

and recording the results of the measurement process, followed by data processing and 

finally analysis. Each step of the process must be clearly specified and designed. 

1.  Measurement method 

2.  Conversion of raw data expression into categories 
3.  Data recording 
4.  Data management 
5.  Quality control procedures 
 

1.  Measurement method 

a.  Detailed description of method fully documented in writing 

b.  Training and instruction for application of method 

c.  Procedures for preparation of subject or specimen 

d.  Procedures for performing the method : preparation, maintenance, calibration 

etc 

 

2.  Conversion of raw data expression into categories : 

The raw output from the measurement process must be converted into categories or 

translated into information. Rules or criteria for conversion (classification into 

categories) must be defined, and data collector trained and instructed accordingly. 
 

3.  Data recording : Data obtained after suitable conversion must be recorded in a form 

or data sheet. 

See Appendix C for details on form design. 

 
4.  Data management : how data are managed after they are collected and returned to 

coordination centre. It is concerned with : 

a.  Data editing 

b.  Data coding 

c.  Data entry  

d.  Data preparation for analysis. 

  Data in data forms   

     

  Manual data editing and coding   

     

  Data entry   

     

  Automated or computer assisted 

data editing/cleaning and data 
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coding 

     

  Data analysis   

 

 

1.  On receipt of a data form, data coordinator manually checks form for incomplete 

data (missing data) and  egregious error. The form is then passed on for data entry. 

2.  Data entry using specially data entry screen with in-built validity and range checks. 

If necessary double enter all data. 

3.  Post data entry computer assisted data editing :  

 data editing consists of error detection and data corrections. 

 error detection consists of  checking each field for missing data and non-valid 

entry, and checking certain predetermined combinations of fields for inconsistency. 

The computer system should provide a listing and documentation of the errors 

detected in a format amenable to subsequent review and correction by data 

collection personnel. Informal editing should be avoided. 

 data  correction consists of updating the database with the corrected values. Ideally, 

the system should leave an „audit trail‟ so that the existence of data at any point in 

time can be accurately recovered. More typically however, system only generates 

the latest most error-free data; and data „freezing‟ prior to each analysis. 

 

5. Quality control procedures :   

    assuring that the data collected are of good quality, and that these data properly 

managed, processed and analysed.  

 

a. General : 

 it is not possible to have quality control procedure for all measurements. Be 

selective, concentrate on important measures eg main outcome and study variables. 

 do not collect unnecessary data. 

 

b. Preparation : 

 well designed instrument and data form minimise error 

 all study procedures (instrument, data collection forms) must be pre-tested. 

 explicit and specific description of measurement and data collection procedures in 

the operational manual; in excruciating details, illustrate with photo if necessary. 

 establish formal training and certification procedure; either centrally or on the job. 

 

c. Data collection : 

 responsibility for seeing that staff is familiar with procedure and protocol rests with 

centre investigator, and if possible aided by designated participating centre data 

coordinator/clinic monitor. Monthly phone to discuss problem. 

 on site editing of completed data form by data collector as well as an editor. 

 address problem identified through monitoring immediately, correct error by call 

back to subjects or check back to records. 

 periodic meetings with data collection personnel to review procedures and discuss 

problems, retraining. 

 periodic site visits to monitor adherence with procedure and protocol : on site 

observation of the study procedure, on site replication of procedure by independent 



 57 

observer, random checks on data recording and equipment calibration and 

accuracy. 

 replicate some proportion of ata collection (eg 10% ) to identify problems. 

 for lab test, internal quality control (eg control chart to check drift) , external 

quality control program; send unknown standards at periodic intervals to evaluate 

the precision and variability of each labs. 

 coordinating centre monitor each participating centre performance : number 

recruited, # missed visits, # missing data/data error, # protocol deviations. 

 data analysis to check error : for repeated measures eg BP readings, variability less 

than expected means „chartology‟, compare distribution of study variables among 

data collectors, trends in variable over time. 

 maintain editor‟s log of all problems in recording, coding, specimen handling, 

analysis etc 

 enter data contemporaneously with data collection. 

 

d. Data coordinating centre : 

 monitoring the coordinating centre itself : external audit or review („bank 

examiners‟) to check documentation of operational procedure (data coding,editing 

entry etc), review data processing procedure, file maintenance, data analysis.  

 Sometimes independent centre replicate parts of data entry, processing and analysis 

to estimate error in data management. 

 

 

 

5. Pilot studies/ pre-tests 

this is important to consider . It is difficult to plan a study without some ideas of how 

things might turn out in practice. Do not assume people will bother to read operational 

manual. 

 

Pre-test : small trial to test isolated problem of the design. 

Pilot study : a small scale replica of the main study to identify and eliminate problems 

in the large scale study proper. 

 

Potential problems to address are : 

1.  Methodological problems : 

a. Study population : 

 adequacy of sampling frame 

 adequacy of recruitment rate 

 accessibility or non-response/consent rate to expect. 

 variability of response measure : needed for sample size calculation 

  

 b. Measurement and data collection : 

 validation study for new or non-standard or subjective measures. 

 trial of alternative methods : eg face to face vs mail vs phone interview 

 trial data collection to identify problems : trial interview, trial data 

abstraction from record, trial examination schedule and observational 

method. 

 adequacy of data forms. 
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2.  Operational and organisational problems : 

 efficiency of study organisation in the field, centres etc 

 efficiency of logistics and communication 

 adequacy of supervision and motivation of field staff or data collectors or 

participating investigators. 

 estimate cost and duration of study. 
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1. Introduction 
Common misconception of statistics : 

Statistics means analysis of data to obtain numerical results. For examples : 

 the mean systolic BP of the patients was 154 mmHg. 

 the prevalence of hypertension in the community was 30% (95% confidence 

interval 28-34%) 

 the EC50 dose of the drug was 100 ug/Kg 

 the overall life expectancy on HD was 12 years 

 the probability of surviving 5 years after diagnosis of lung cancer was 5% 

 the difference in mean BP between the group on treatment A vs placebo is 5 

mmHg. The difference is statistically significant (p value =0.00012) 

 the risk of stroke on treatment A is half that on placebo; relative risk=0.52  (95% 

CI 0.45-0.58) 

 

Statistics is more than just producing numbers like those above. 

 

Statistics : definition 

the collection, organisation, analysis and interpretation of numerical data ; including 

 procedures for summarising data ie  descriptive statistics, and  

 procedures for making generalisations and inferences from data, ie inferential 

statistics 

 

Numbers are used because they are more precise and concise than words, and also 

because they are amenable to mathematical methods of analysis. The numbers are 

used to summarise and communicate results, as well as to measure the uncertainty of 

inference. 

 

Descriptive statistics : 

anything done to the data to summarise or describe attributes of interest in a data set, 

without going any further, ie without attempting to infer anything that goes beyond the 

data themselves. 

 

3 general methods are used to summarise data : 

 table 

 graph 

 numerical summary, also so called statistic ( a number calculated from the sample 

data eg the sample mean. More later) 

 

Inferential statistics : 

for both scientific conclusion and technical decision making, we require generalisation 

beyond the data in hand. For example 

 data  :  risk of stroke on Rx A = 7%,  that on placebo=15%. Therefore, patients on 

Rx A had lower risk of stroke in the study. The risk difference was 8%.  This 

statement is true. 

 generalisation : all present and future patients given Rx A can expect an absolute 

8% reduction in risk of stroke. Is this statement true? How certain are we of such 

an inference ( of making such a conclusion)? 

Of course we feel uncertain about drawing such conclusion. Statistical inference is the 

art and science of drawing conclusion or making decision under uncertainty. Scientific 
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conclusion and technical decision making must always include a realistic appraisal 

(preferably quantitative ie using number, otherwise qualitative) of the degree of 

uncertainty (also known as error) in the inference. 

 

Sources of uncertainty are many and varied : 

 inappropriate data : eg wrong choice of study population 

 partial data ie study only a sample instead of the entire population 

 incomplete data : non-response or missing data, omitted measurement.  

 measurement error 

 data error : in collection, entry, processing 

 analysis error : eg failure of model assumptions 

 etc 

The ability to make inference under these uncertainties is crucial to the progress of 

science as well as for technical decision making since there is no such thing as a 

perfect research or perfect data. 

 

Probability theory provides the basis for statistical inference  

Since conclusion drawn is necessarily uncertain, we use probability theory to quantify 

the uncertainty of inference. Probability is just a number that expresses uncertainty of 

occurrence of event, of inference etc ; it ranges from 1 (complete certainty) to 0 

(impossible). Typical probabilistic statements in statistical inference are : 

 the observed difference is 5 mmHg. The probability (ie p value) of observing a 

difference at least as large as 5 mmHg if there were no true difference (0 mmHg) is 

0.02  . This is an example of  significance testing. 

 the estimate of prevalence of hypertension in the community is 35%. We may be 

95% certain  that the true prevalence lies between 32% and 38%. This is an 

example of confidence  interval estimation. 

 

Above appraisals of uncertainty are entirely based on the data and are known as 

formal statistical inference (inferential statistics). They only take into account 

uncertainty of making inference about the population on the basis of data collected on 

a sample only. They alone are not sufficient. Appraisals must go beyond the data and 

include all sources of uncertainty, actual or possible, recognised or not, in the research 

process that generates the data. Statistics has a crucial role in all  phases of the 

research process to assure the validity of inference : 



 62 

 

Research process Role of statistics 

Research question  framing research question 

 prior hypotheses 

Research design :  

- overall design  experimental design  

  techniques to minimise bias and 

maximise efficiency 

- Study population, sampling and sample 

size 

 sampling design 

  power calculation 

- Study variables and measurement  measurement validity and reliability 

Data collection  data quality control 

 data monitoring 

Data processing  quality control  

Data analysis  descriptive statistics 

 bias correction 

 formal statistical inference 

Data interpretation and drawing 

conclusion 

 assessing study validity 

 

 

 

Statistics is thus the science of analysing data and drawing conclusion taking into 

account all sources of uncertainty (error). 
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Some definitions : 

Variable Characteristic of subject that vary and that are measured. Any 

attribute, phenomenom or event that can have different values.  

 

Measurement Classification of attributes or characteristics of subject, with 

assignment of numerals to these classes according to pre-determined 

rules. Thus the outcome of the measurement process is a category in 

a measurement scale being assigned to the attribute being measured.  

Value The category on the measurement scale assigned for the attribute of 

a subject. 

Measurement 

scale (type of 

data) 

The series of categories in which an attribute (variable) can be 

expressed. Several types of measurement scales are distinguished : 

1. Continuous : an infinite number of values is possible 

2. Discrete: only a finite number of values are possible, may be: 

 dichotomous / binary : values indicate different categories with 

only 2 categories allowed 

 polychotomous : 3 or more categories allowed. 

 ordinal : values indicate difference as well as rank ordering. 

Data A general term for observations and measurements collected during 

any type of scientific investigation. 

 

Independent or 

explanatory 

variable 

A variable that is hypothesised to influence an event or 

manifestation (the dependent variable) within the defined area of 

relationship under study. 

 

Dependent or 

outcome variable 

A variable that is dependent on the effect of other variables 

(independent variables) in the relationship under study. 

 

Population The whole collection of units (“the universe”) from which a sample 

may be drawn 

Study population The group selected for investigation 

 

Target population The group from which a study population is selected; it is the target 

of inference; research results are expected to be generalisable and 

applicable to this population. 

Sample  a selected subset of a study population, chosen by some process with 

the objective of investigating particular characteristic of the study 

population. 

Statistic  or 

sample statistic 

A number calculated from sample data, denoted with Roman letter. 

Parameter A numerical characteristic of a population , for example mean or 

standard deviation, denoted using Greek letter mu  and sigma    

respectively.  

Estimate A number which is inferred to be a plausible value for a parameter 

of interest, denoted using hat notation for example   hat and  hat 

as estimates for  and  respectively. 
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3. Descriptive statistics : 

Methods for organising and summarising data that describe some attributes of interest. 

Given a data set, we may do 3 of the following to describe the data: 

E. Tabulate the data 

F. Graph the data  

G. Calculate some meaningful statistics that describe some attributes of interest in the 

data set.  

Selection of methods essentially depends on  

 the attribute of interest   

 number of variables : single or two or more  

 types of data : continuous or discrete 

 

The following are commonly encountered methods for summarising data in medical 

investigation: 

H. Describing the distribution of a single variable: 

d. Describing distribution of a single continuous variable 

e. Describing distribution of a single discrete variable 

f. Describing occurrence of event 

 

I. Describing the relationship between 2 variables: 

d. Describing symmetrical relationship between 2 variables 

III. All Continuous variables 

IV. Ordinal variables or mixed ordinal-continuous variables 

 

e. Describing asymmetrical (or dependent) relationship between a dependent (or 

outcome) variable and an independent (or causal, influencing) variable. 

Choice of methods in turn depend on: 

III. Continuous dependent variable 

IV. Ordinal dependent variable 

V. Binary dependent variable 

VI. Survival time or Event dependent variable 

 

f. Comparing treatment groups: a special case where the independent variable is 

categorical (group membership). Choice of methods depends on nature of 

dependent variable: 

IX. Binary response data : single terminating event 

X. Binary response data : recurrent event 

XI. Ordinal response data : single post treatment response measure 

XII. Ordinal response data : Pre-post or repeated ordinal response 

XIII. Continuous response data : single post treatment response measure 

XIV. Continuous response data : pre and  post treatment response measure 

XV. Continuous response data : repeated pre and post treatment quantitative 

measures 

XVI. Survival time response data : single terminating event 

 

3.   Describing a diagnostic test accuracy 
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J. Describing agreement between diagnostic tests or diagnosticians or methods 

of measurement. 

 

1. Describing the distribution of a single variable: 
 

a. Describing distribution of a single continuous variable 
Examples of continuous data include BP (mmHg), weight (Kg), sr. creatinine (umol/L), PEFR (L/min), 

age (years), and so on. 

 

Data set :  (sys_BP.txt) 

 

systolic blood pressure (SBP) readings in mmHg of 100 patients 
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Summary : 

a.  Tabular display : 

 Numerical frequency distribution (or just distribution) : indicates the number of cases observed 

within each interval of values in the sample 

 Relative frequency distribution : indicates the proportion of the total num,ber of cases observed 

at each interval of values. 
sbp interval |      Freq.     Percent        Cum. 

------------+----------------------------------- 

94-   113.2 |         21       21.00       21.00 

      132.4 |         36       36.00       57.00 

      151.6 |         29       29.00       86.00 

      170.8 |         12       12.00       98.00 

        190 |          2        2.00      100.00 

------------+----------------------------------- 

      Total |        100      100.00 
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b.  Graphical display : 

 Histogram : graphical presentation of the frequency distribution 
F
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 Box plot : another graphical presentation of the distribution, good for small data set. 
.

Box plot of SBP data

100

150

200

 
 

 the line in the middle of the bow is the median 

 the 2 edges of the box (called the upper and lower hinge) are the 1
st
 (Q1) and 3rd quartile (Q3) 

ie 25
th

 and 75
th

 percentiles. The interquartile range (IQ) is Q3-Q1. 

 the lines emerging from the 2 hinges are called the whiskers, they extend to the upper and lower 

adjacent values. The upper adjacent value is the largest data point <= Q3+IQ, and the lower 

adjacent value is the smallest data point >= Q1-IQ 

 Data points more extreme than the adjacent values, if any, are individually plotted. These are 

referred as outside values or outliers. 
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 Cumulative frequency distribution plot: this shows a listing of the sample values of a variable on 

the X axis and the proportion of the observations less than or greater than each value on the Y axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c.  Statistics  ie numerical summary, using one or more numbers to describe characteristics of  the 

distribution of the data set.  Three characteristics are of interest : location, spread and shape. 
 

Example : for above SBP data  

 

Percentiles             Smallest 

 1%           95             94 

 5%          100             96 

10%          105             96       Obs                 100 

25%          115             99       Sum of Wgt.         100 

 

50%          127                      Mean             128.98 

                        Largest       Std. Dev.      19.34638 

75%          141            169 

90%          154            170       Variance       374.2824 

95%        161.5            185       Skewness       .5778641 

99%        187.5            190        

 

 

1.  Measures of location :  

Central tendency of a distribution is a point on the scale corresponding to a typical, 

representative or central value. 2 measures of central tendency are in common use : 

 

Mean : good  measure for symmetrical distribution but not otherwise. 

For n data values   X1 X2 .... Xi...... Xn,   

 

Mean, denoted Ex-bar   X  =    Xi / n      Sum of all the X divided by n. 

 

Median denoted Md: the point divides the distribution into 2 parts such that equal number of 

values fall above and below that point. Good measure of central tendency for skewed 

distribution as it is not sensitive to extreme values. 

 

Other measures of central tendency are rarely used, like  mode (the most frequently occurring 

value), geometric mean, harmonic mean, trimmed mean, mid-range (mean of the largest and 

smallest values), mid-quartile (mean of the 2
nd

 and 3rg quartiles) etc etc. 

 

Other measures of location of interest is the percentile : 

Cumulative frequency dist. of  SBP data
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 the p th percentile is the value below which the proportion p of the cases in the distribution falls. 

Thus,  

 median Md : 50
th

 percentile 

 Upper quartile Q3 : the 75
th

 percentile 

 Lower quartile Q1 : the 25
th

 percentile 

 and so on 

 

 

2. Measures of spread or dispersion or variability : 

the extent to which values in a distribution deviate from their central tendency. Several measures of 

spread are used : 

 

Range : Xmax - X min  , the largest minus the smallest value 

 

Variance : average of the squared deviations from the mean. As for mean, this is a good  measure 

of spread for symmetrical distribution but not otherwise 

 

     Denoted S
2
  =       (Xi - X )

 2
 / n-1 

 

Standard deviation (sd) , denoted   S = square-root( S
2
).  It has the same scale as the measurement. 

        

Coefficient of variation  V =  S  /  X   , sd as a percentage of the mean, it does not depend on the 

unit of measurement. 

 

Inter-quartile range or mid-spread  = Q3 - Q1      , as median this is a better measure of dispersion 

for highly skewed distribution. 

 

Quartile deviation = ( Q3 - Q1) /2 

 

      

3.  Measures of skewness :  

refers to an asymmetric distribution in which the values are bunched on one side of the central 

tendency and trail out (long tail) on the other as shown graphically below : 

 

 

  

Pearson coefficient of skewness SK = 3*( X - Md ) / S      

 

      SK = 0 for symmetry,  >0 to 3 for right and <0 to -3 for left skewed distribution. 

 

 

Types of distribution

• Symmetrical

(Normal)

• Skewed right

(Log-normal)

• Skewed left

z

x
1 .7428 3.56605

.002456

.398939

z

x 2
6 .69684 39.6079

.001942

.398942

z

x 3
.642714 1.30265

.001942

.398942
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b. Describing distribution of a single discrete (categorical) variable 
Examples of categorical data include diagnosis(1=SLE, 0= not), severity of disease (1=mild, 

2=moderate, 3=severe), ethnicity (1=malay, 2=Chinese, 3=Indian), gender (1=male, 2=female) etc. 

 

Date set : (severeMI.txt) 

severity of AMI among 100 patients; 1=mild, 2=moderate, 3=severe 
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etc 

 

Summary : 

a.  Tabular display :  most commonly used for displaying categorical data.  

 Categorical  frequency distribution (or just distribution) : indicates the number of cases observed 

within each categories in the sample 

 Relative frequency distribution : indicates the proportion of the total number of cases observed in 

each categories. 
 

Severity of AMI      Freq.     Percent        Cum. 

------------+----------------------------------- 

mild      1 |         27       27.00       27.00 

moderate  2 |         57       57.00       84.00 

severe    3 |         16       16.00      100.00 

------------+----------------------------------- 

      Total |        100      100.00 

 

b. Graphical display : 

Bar chart : graphical presentation of frequency distribution. 
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c.  Statistic :  the usual statistics used to describe categorical data are 

 proportion : the proportion of cases in each categories as shown in the relative frequency table 

 mode : the most frequently occurring category, for the AMI severity data, the mode is the 

moderate category (severe=2). 

 



 70 

C. Describing occurrence of event 

In medicine, we are often concern about the occurrence of event among our patients. 

Event of interest may be death, complications, graft rejection etc. And we want to 

know how often or how likely such events occur among our patients. To find out, we 

would follow-up a group of patients over a period of time and observe the occurrences 

of event of interest.  

Such data however pose special challenge to describe and to analyse because: 

1. Event must necessarily occur over time. Hence, such data is both categorical 

(event=1, no event=0) and continuous (time of occurrence of event). 

2. Such data is often incomplete. Some subjects may be lost to follow-up and 

therefore we don‟t know whether they had the event of interest; or some subjects 

may simply not have the event yet at the time we analyse the data (to wait till 

everybody had the event may be a long long wait). 
 

Problem 1: 

Data set: 

100 patients were admitted into ICU in January of 1999. 15 patients had died by 1 week after 

admission, another 12 had died by 2 weeks and 9 more died by 3 weeks after admission. The remaining 

were either discharged alive or were still alive in ICU at 3 weeks after admission. 

What is the cumulative risk of death (P) at 1, 2 and 3 weeks after admission? 

What is probability of survival (S) at 1, 2 and 3 weeks after admission? 

 

Summary : 

a.  Tabular display :  

Interval in week # deaths Cumulative 

# deaths 

Cumulative risk = 

Cum. # deaths/100 

Survival = 

1 - Cum. risk 

0-1 15 15 0.15 0.85 

1-2 12 27 0.27 0.73 

2-3 9 36 0.36 0.64 

 

b.  Graphical display :  

Cumulative risk and survival curves : graph of cumulative risk and survival probability over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

c.  Statistics: 4 are commonly used 

1.  Cumulative risk or just simply risk of event, denoted P: see Notes on Risk below. 

2.  Probability of survival, denoted S, which is simply the probability of not having an event. Since one 

can either have or not have an event during the specified period, the survival probability is simply 

the complement of P ie    S  =  1-P 

3.  Rate of event: see Notes on Rate below, page 71 

4.  Life expectation: see Notes on Life expectation below, page 79 
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Notes on Risk: 
Definition: Risk (denoted P) is the probability of an individual having an event (like death, 

complication or disease) over a specified period of time  (conditional on the individual not dying from 

any causes during that period).  

 

As a probability measure, it varies between 0 and 1, and it is dimensionless. 

Another way of expressing probability is in terms of odds (denoted O) . This is the probability of 

having an event divided by the probability of not having it   

 

Odds  =  P / 1-P.    

 

Odds varies from 0 to infinity. 

 

Interpretation: 

1. As a probability measure, risk is straightforward to interpret. The higher the risk, the more likely 

the event will occur. A risk of 1 means the event will certainly occur during the specified period, 

while a risk of 0 means the event certainly will not occur. 

2. The interpretation of risk requires a period referent that describes the time span over which event 

occurs. The period referent varies with the event under consideration. For example, a 0.6 death risk 

24 hours after AMI is high but would be excellent if it refers to 50 years after. On the other hand it 

is meaningless to speak of death risk 24 hours after diagnosis of lung cancer. 

3. The definition of risk above requires the subject not dying from any causes over the specified 

period. This complicates the interpretation of risk. This is known as competing risk. 

 

Formula for calculating risk: 

 

Risk or cumulative incidence (P) 

=   # of individuals (I) having events during specified period (t0 t) 

     # of event-free individuals (N0) at time t0 

 

P (t0   t)  =   I  /   N0 

 

In the above example, we had simply calculated the risk as the simple proportion of cumulative number 

of patients who were dead at end of each interval (1,2,3 weeks) after admission. This is not quite 

correct but is OK for this example (the answer is about the same using the correct method for this 

example, but not necessarily others, see more later) because: 

1.  Short fixed follow-up period, eg 30 days after operation in post-op mortality study, 3 months after 

starting treatment in drug trial, 1 week after admission into ICU, etc. 

2.  Since the follow up time is short, we may assume the risk is constant during F/U period, or at least it 

is meaningful to speak of an average risk during F/U period. 

3.  Complete F/U information is available from every subject till termination of study; which for short 

F/U period shouldn‟t be difficult to achieve. In other words, no withdrawal is allowed. 

4.  No competing risk . 

 



 72 

Problem 2: 

Data set: 

5 patients had kidney transplant in 1995. The diagram below shows their outcome up to 6 months post 

transplant. Events post transplant may be graft rejection (X) or death (D). All events occur at exactly 

the end of a month to simplify calculation (this is an artificial example, in practice we would know the 

exact date of course). 

 

Patient                                                  months                    

                    0                1                   2                   3                    4                     5                    6      

1        X         

2                   

3            D     

4   X+D    

5               

 

What is the rate of graft rejection at 6 months post transplant? Regard death as censored observation ie 

as if patient had been withdrawn or lost to follow up. 

Answer:  

Rate = Number of events / Total number of patient-months of observation 

        = 2 / (6 + 6 +1 +2 +6) = 2/21 = 0.09 rejections/patient-month 

 

Data set: 

5 patients were on CAPD. The diagram below shows their outcome up to 6 months after commencing 

treatment. Event of interest is the occurrence of peritonitis (X, an infective complication of CAPD) 

which may occur repeatedly in the same patient (patient 1 in the diagram had 2 episodes of peritonitis). 

All events occur at exactly the end of a month to simplify calculation (this is an artificial example, in 

practice we would know the exact date of course). 

 

Patient                                                  months                    

                   0                  1                  2                   3                    4                     5                    6      

1  X              X 

2              

3            D     

4   X+D    

5     X      

 

What is the rate of CAPD peritonitis at 6 months? Regard death as censored observation ie as if patient 

had been withdrawn or lost to follow up. 

 

Answer:  

Rate = Number of events / Total number of patient-months of observation 

        = 4 / (6 + 6 +1 +2 +6) = 4/21 = 0.19 episode of peritonitis/patient-month 
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Notes on Rate: 
Definition:  Rate is the instantaneous potential for occurrence of event per unit change in time, relative 

to the size of the population at risk at time t. 

Mathematically, it is quite clear what this means: 

 

Number on follow up  

 

            N0 

                                       Rate at t= -dN/dt 

                                                            Nt  

              Nt                                       

                

 

 

          0                  t                                   time on follow up 

 
 

Rate is a measure of the rapidity of change. Conceptually, it expresses the pressure or force of event 

occurrence in the population at an instant. Note that it is an instantaneous measure; ie force of event 

occurrence over an infinitely small period of time. This of course cannot be measured directly. In 

practice, rate is inferred from measurement taken over a period of time. We measure average rate over 

a period of time rather than instantaneous rate. This is analogous to velocity that refers to rate of 

change at an instant, in practice we measure average speed from the distance traveled over a period of 

time.  

 

Rate is expressed in „per unit time‟, eg per week, per year. It varies from 0 to infinity; there is no upper 

bound. 

 

Interpretation : 

1.  Unlike probability, rate has no natural interpretation. A rate say of 0.05 per week is not meaningful 

in itself. The value can change by altering the time unit. For example, death rate of 0.05 per week is 

equivalent to 2.6 per year; both measure the same force of occurrence of death. 

 

2.  Rate is usually interpreted with reference to historical data, as well as by international or inter 

centre comparison. For example, incidence rate of CAPD peritonitis of 1.2 per patient-year would 

be considered high by current standard of practice, while a rate of 0.6 per patient year is acceptable, 

and rate of 0.5 per patient year would be excellent. 

 

3.  Unlike probability, rate has no direct interpretation on the individual level. For example, it is 

meaningful to say the operative mortality risk is 0.3 for a particular patient. It is meaningless to 

speak of mortality rate of an individual, rate reflects the force of mortality operating on a 

population. 

 

Formula for calculating rate: 

Incidence rate(IR) or incidence density(ID) 

=   total # of events  (I) 

     total amount of time periods for all individuals   (PT) 

 

This is a simple method and widely used. It requires short follow up period so that one may assume rate 

is fairly constant over follow up period. It is then meaningful to speak of an average rate over F/U 

period. We also assume non-informative censoring . 
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Risk or rate: which measure to use in a study? 
You should notice by now there are basically 2 numbers one can use to describe the occurrence of 

event of interest in a group of patients, risk and rate (Just to confuse you, there is a third, life 

expectation; more on this later). Many doctors had thought risk and rate mean the same thing. Well 

they are not; and you may wonder then why we have 2 unnecessarily confusing ways for describing the 

same occurrence of event. As it turns out,  risk and rate are mathematically related, knowing one the 

other can be derived. 

                                                                       t 

Cumulative risk =  1 -  exp(-0 rate  dt  ) 

                                                t 
      P ( t0  tj )  = 1  -  exp(-    0   dt )    

 

For small and constant rate, it can be shown that    

P  =       * t 

Therefore,        =   P / t           ie  rate is risk per unit time. 

Therefore,      to estimate small risk, one can simply multiply rate with time period . 

        For time period = 1 year, then  rate*1 = rate = risk 

 

Hence, risk and rate, though different, often however mean much the same thing. The question then: 

Which measure should one use? 

 

Risk is preferred: Rate is preferred: 

1.  Clinical study : need of a measure that is 

interpretable on individual level, to make 

decision concerning treatment, prognosis, etc 

 

2.  Risk period is restricted or interest is in short 

term risk, up to several years.     Then, study 

period will include risk period or period of 

interest, and time dependent effect of Risk 

Ratio not important. 

 

3.  Analysis for recurrent event more difficult. 

New but advanced method available. 

 

 

 

4. Competing risk problem. 

 

1.  Epidemiologic study: measure that is 

interpretable at population level; the force of 

mortality operating on the population. 

 

2.  Risk period is extended or interest in long 

term risk, for decades after exposure.   

     Rate ratio is not duration dependent. 

 

 

 

3.  Handle recurrent event easily; many clinical 

examples;  CAPD peritonitis rate, 

Osteoporosis fracture rate, rate of 

opthalmologic condition, etc. 

 

4. No problem with competing risk. 
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Calculating risk (or survival) and rate in practice 

So far I have shown you simple methods for calculating risk and rate. The simple 

methods are OK because we have been prepared to assume the risk and rate of event 

is fairly constant over the period of observation, which is fine for short duration of 

study (weeks, months). However, for study with extended follow-up period, it is no 

longer reasonable to assume constant risk or rate over the entire study period. New 

methods for calculating risk and rate are required. They are: 

 

Methods for calculating risk: 
1. Actuarial (life table) method: only for large study with several thousands subjects 

2. Kaplan-Meir method:  a special case suitable for small clinical studies 

In fact there are more than 20 methods described in the literature, for medical application, you only 

need to know these 2. 

 

Method for rate: 

1. Modified life table method 

2. Aalen Nelson method is a special case, analogous to KM method 

 

The above methods for calculating risk and rate are applicable if : 

1.  Long varying follow-up(F/U) period, eg patients follow up after transplant or commencing dialysis 

treatment for anything from 3 months to 20 years. 

 

2.  Since follow-up is prolonged, one can no longer assume risk is constant over entire follow-up 

period. Instead one can break up the F/U period into smaller intervals (eg. 80 3-monthly intervals 

for F/U period of 20 years) and assume risk is constant within each interval. 

 

3.  Complete F/U information is inevitably unavailable. That is, some subjects have withdrawn at or 

before termination of study so that we have no information on whether event occurred subsequently. 

Withdrawals could occur for the following reasons: 

 follow-up loss due to migration, drop-out /non-cooperation etc 

 individual no longer at risk of event eg. hysterectomy and therefore no longer at risk of uterine 

cancer. 

 termination of study thereby cutting short the F/U period for individuals who entered after the 

start of the study. 

 

Observations of individuals who had withdrawn are said to be censored. It is important that we must be 

able to assume withdrawal is independent of event occurrence ,ie. those withdrawn must have the same 

probability of event occurrence as those remaining under observation.  This is known as non-

informative censoring. 

A special kind of withdrawal (censoring) is competing risk, ie subjects who had died of any other 

causes before termination of study. This is more difficult to deal with; we therefore assume there is no 

competing risk. 

 

4.  Individuals may not all commenced observation from the same calendar period, but are from several 

different periods. For example, some patients are transplanted in 1985 and others in 1995; and 

interest is in risk of graft failure 1 year after transplant. In this case, if we pool subjects from 

different periods to estimate risk, we must assume there is no secular trend in risk, Otherwise, 

analysis should be performed separately for each period. 
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We illustrate with a simple example. 
Problem 3 

Data set: 

5 patients had kidney transplant. The diagram below shows their outcome up to 6 months post-

transplant. Event of interest post transplant is death (D). One subject (patient 2) was lost to follow-

up(W) after 5 months. All events occur at exactly the end of a month to simplify calculation (this is an 

artificial example, in practice we would know the exact date of course). 

 

Patient                                                  months                    

                   0                 1                   2                   3                   4                      5                    6      

1                 D 

2         W    

3            D      

4      D  

5                

 

Calculate the cumulative risk of death at 6 month, and thus the probability of survival at 6 months. 

Calculate the cumulative rate of death at 6 month. 

 

Formula 1:  Life table method for calculating risk 

Divide follow -up time into equal intervals : 

 

      t0          t1          t3                        tj-1            tj                                         time 

      |              |              |                          |               | 

 

              1            2                                         j                                                 interval 

 

Ij : # of individuals having event in interval j 

Wj : # of individuals withdrawn in interval j 

Nj  : # of event-free individuals at tj-1 (beginning of interval j) 

 

Risk of event during an interval j (tj-1   tj  ) : 

                                  Ij 

Risk        Pj =    

                            Nj -  Wj/2 

 

Risk of event over accumulated period ( t0  tj ): 

 

Cumulative risk   P ( t0  tj )  =  1  -     (1-Pj) 

 

 

Formula 2:  Kaplan Meir method for calculating risk 

Divide follow -up time into intervals, the end of each interval correspond with event occurrence time, 

eg time of death 

                               X                                                                                    event X 

                       X     X                       X               X 

      t0             t1     t2                        tj-1            tj                                         time 

      |                 |       |                          |               | 

 

              1           2                                          j                                                 interval 

 

Ij : # of  events at tj. 

Wj : # of individuals withdrawn in interval j 

Nj  : # of event-free individuals just before tj which include the Ij. 



 77 

 

Risk of event during tj- to tj ;  where j-  means just before tj 

                                  Ij 

Risk        Pj =    

                                 Nj  

 

Risk of event over accumulated period ( t0    tj ): 

 

Cumulative risk                  P ( t0  tj )  =  1  -     (1-Pj)            ( is symbol for product) 

                                                                          
 j 

 

Formula 3: Modified life table method for calculating rate  

Divide follow -up time into equal intervals : 

 

      t0          t1          t3                        tj-1            tj                                         time 

      |              |              |                          |               | 

 

              1            2                                         j                                                 interval 

 

Calculate the rate for each interval as before: 

IRj   =   Ij  /  PTj 

 

Sum the rates to obtain cumulative rate at tj : 

Cumulative rate =   Irj                   ( is symbol for sum) 

Answer: 

1. Risk estimates using lifetable method : 

Interval Nj Ij Wj Pj 1-Pj Cum. risk 

0-1 5 1 0 0.2 0.8 0.2 

1-2 4 0 0 0 1 0.2 

2-3 4 0 0 0 1 0.2 

3-4 4 0 1 0 1 0.2 

4-5 3 1 0 0.33 0.66 0.47 

5-6 2 1 0 0.5 0.5 0.74 

 

2. Risk estimates using Kaplan Meir method : 

Interval Nj Ij Wj Pj 1-Pj Cum. risk 

0 5 0 0 0 1 0 

-1 5 1 0 0.2 0.8 0.2 

-5 4 1 1 0.25 0.75 0.4 

-6 2 1 0 0.5 0.5 0.7 

 

3. Rate estimates using modified lifetable method : 

Interval Nj Ij IR j  (rate j) Cum. rate 

0-1 5 1 0.2 0.2 

1-2 4 0 0 0.2 

2-3 4 0 0 0.2 

3-4 4 0 0 0.2 

4-5 3 1 0.33 0.53 

5-6 2 1 0.5 1.03 
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Calculating risk (or survival) and rate in population study 
The above methods (Life table, KM, etc) are applicable only in clinical studies where individual 

patients are followed up till occurrence of event or study termination; individual F/U times are known 

exactly.  In epidemiologic research or population study, this may not be the case. In such study, one 

counts the number of new events over a period of time, for example Cancer Registry ascertains the 

number of new cases of cancer in a population in a year; follow up times of individual members of the 

population till occurrence of cancer are not known at all. 

 

To calculate rate: 

Let I be the number of new event of interest (eg cancer) in a population in a year 

 

Then, Incidence Rate   IR  =  I  /  PT  where PT is the total person-time of observation 

 

However since we do not know the individual F/U time for the entire population from which the new 

cases arise, we cannot calculate PT exactly. Instead, we assume the population is stable over time ie the 

size and age-sex distribution remains constant during F/U period. PT is then the size of the event free 

population N‟ multiply by the duration of study dt. 

 

PT  =  N‟ *  dt 

 

For rare disease, N‟ is approximately = N, the total population which include both new and 

existing/prevalent cases, as enumerated in a census. Typically the mid-year population projection is 

used. 

 

Therefore,  PT  =  N‟ * dt   =   N * dt 

 

Therefore,  IR  =  I  /  N*dt               

 

  And for dt=1 year,  IR= I/N 

 

Having estimated the rate of event, we can use it to estimate risk: 

 

Since risk Pj = 1 - exp(- IRj) , 

  and   

Cumulative risk  = 1 -  exp(-   IRj) 

 

We can therefore use the above relationship to obtain risk and cumulative risk from the estimated rate 

IRj. 

 

Assumptions required for above method are the same as before : 

1.  Stable population 

2.  Constant rate within each age(time) interval.  

3.  No secular trend in rates. 

4.  No competing risk or causes of death 
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Problem 4: 

This is real example. Obviously with 2484 subjects in the data set below, it is simply too hard to 

calculate risk (and survival) by hand. Fortunately, modern software can do this readily for us. 

 

Data set :  (Surv_HD.txt) 

Survival data of haemodialysis patients in Ministry of Health between 1980 and 1996. . The data is 

denoted (t, d) where d is censoring indicator (1=censored, 0=uncensored) and t is time to event or 

censoring. 

Calculate the cumulative risk of death at 5, 10 and 15 years; and the corresponding survival 

probabilities. 

 

Summary : 

b.  Tabular display : life table 

 
Interval 

in year 

 

Began 

total 

Deaths Lost Survival 

probability 

0 1 2484 226 574 0.8971 

1 2 1684 134 231 0.8205 

2 3 1319 98 189 0.7548 

3 4 1032 59 142 0.7085 

4 5 831 46 115 0.6663 

5 6 670 36 83 0.6282 

6 7 551 35 86 0.5849 

7 8 430 27 70 0.5449 

8 9 333 28 56 0.4949 

9 10 249 16 36 0.4606 

10 11 197 14 29 0.4253 

11 12 154 11 37 0.3908 

12 13 106 7 29 0.3609 

13 14 70 4 23 0.3362 

14 15 43 4 20 0.2954 

15 16 19 2 12 0.25 

16 17 5 0 5 0.25 

 

The last column is the probability of surviving the number of years of follow-up shown in column 2.  
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d.  Graphical display :  

 

survival curve : graph of survival probability over time. 

 

 
Kaplan-Meier survival estimate
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c. Statistics : 

 survival probability : probability of surviving a given duration of follow-up.  

For above data, the 5-year survival probability was 67%, 10-year was 43% and 15-year was 25%. 

 

 median survival time or half-life: time taken for survival probability to decrease to 0.5. For above 

data, it was 8.2 years. 

 

There is another number we can calculate. This is the life expectation, the average future lifespan for a 

person. For above HD data, the life expectancy of HD patient was 12 years, and the percentage of life 

lost compared with a normal person not on HD was 66%.  
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Notes on Life expectation:  
Definition: Life expectation is defined as the average future lifespan for a person (event of interest is 

patient death) or for a graft (event is graft failure)., who survives to a given age (time) if the age specific 

mortality rates (period specific failure rates) do not change in the future. 

Mathematically, this is simply : 

 

Life expectation   E(t)   =     
  

S(t) dt,      integral of the survival function from 0 time to infinity. 

 

Interpretation and advantages : 

1.  This is the most readily understood statistic for lay person.   

 Describe goods durability: how long does the light bulb last? 

 Describe population health: eg. life expectancy of Malaysian male at birth in 1996 was 69 years. 

2.  It combines varying mortality rates over time into a single summary statistics to describe the 

mortality experience of a group of people. The typical bathtub shape for human population mortality 

rates over age is summarised by the population life expectation.  

 
age-specific mortality rates in Malaysian male, 1991

m
o

rt
a

li
ty

 r
a

te
 p

e
r 

1
0

0
,0

0
0

summary : life expectancy at birth was 69 years
age

0 20 40 60 80

0
1000
2000

6000

20000

 
 

Life expectation at birth, Peninsular M'sia 1957-85

li
fe

 e
x
p

e
c
ta

ti
o

n

year
57 67 69 71 73 75 77 79 81 83 85

40

50

60

70

 
source : Abridged life tables and Vital Statistics time series, Dept of Statistics 
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3.  Useful application in clinical practice and research too : 

 Describe graft failure experience: for example, a commonly quoted statistic is the life 

expectation of a 2 haplotype matched kidney graft is in excess of 25 years.  

 Describe patient mortality experience and relate that to normal population experience: disease 

specific life expectancy and percentage of years of expected life lost. For example, the 

percentage of life lost for HD patients compared with a normal person not on HD was 66%, ie 

had a patient not required HD, he would live 66% longer. 

 Quantitative expression for the concept of cure: if disease specific life expectation of a patient 

approaches that of the life expectation of a normal person in the general population, we can say 

the patient has been „cured‟ of his disease. This provides the answer to the common question 

asked by patient: “ Can I be cured? Or what is my chance of cure?“ (in oncology practice for 

example).   

 

For example, 38% of patients with localised cervical cancer treated by radiation were cured, and a 

patient would know that 12 years after follow-up for by then his or her remaining life expectancy 

approaches that of the normal population (Connecticut Tumour Registry data, adapted from Cutler 

JASA 1963). Prediction of whether a particular patient undergoing treatment will be cured is much 

sought by patient. Is such information available in this country? 

 
Annual relative survival ratio by year post treatment
Localsied cancer of cervix, age45-54, treated by radiation
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source : Connecticut Tumour registry (adapted from Cutler JASA 1963) 

 

Methods of calculating life expectation: this is beyond this elementary course 

a.  Demographic life table method: use for general population estimate. 

b.  Approximate methods based on aggregate data : use in epidemiology or medical decision making. 

 DEALE : decreasing exponential approximation of life expectancy (Beck Am J med 1982) 

 New DEALE: other approximations.  (Med Dec Making 1991) 

 SMR based methods. (Tsai AJE 1992) 

c.  Time variant methods based on individual data : the most accurate method 

 Chiang‟s method  (Chiang. Intro to stochastic process. Wiley  1968)  

 Hakama -Hakulinen‟s method  (J chron dis 1977) 
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2. Describing relationship among  variables : 
With 2 or more variables, we can of course describe the distribution (location, spread, shape) of each 

variable  individually. However the characteristics of  interest is usually the relationship among  the  

variables. By relationship, we mean the extent to which data points on one variable correspond to data 

points on another variable. If high values on one variable are associated with high values on another,  

we say there is a positive relation between the 2 variables. Conversely, high values on one are 

associated with low values on the other, the relationship is negative. The shape of the relationship is 

also of interest. The shape may be linear (straight line), non-linear (curvilinear) or non-monotonic 

(change in direction of relationship, positive to negative or vice versa).  

 

In describing relationship among variables, we distinguish between symmetrical relationship and 

asymmetrical relationship : 

 symmetrical relationship : here the variables are said to arise on an equal footing. We do not assume 

one variable is influenced or dependent on another variable. If there is any influence among 

variables, then the influence is mutual, that is one variable influencing another and vice versa. For 

example, the relationship between body weight and height in growing children. Obviously, the taller 

children generally are heavier; and just as well the heavier children are generally taller. We don‟t 

say children become heavier because they are getting taller, or vice versa. Both are manifestations of 

the same growing process.  

 asymmetrical relationship : here we do assume one variable is dependent or influenced by another 

variable. The influencing variable is referred to as independent or explanatory variable, and the 

variable being influenced is called dependent or outcome variable. For example relation between BP 

reduction is dependent on dosage of a BP lowering drug; the dependent variable is amount of BP 

reduction, the independent variable is dose of the anti-hypertensive drug.  

 

In describing relationship, the methods differ depending on the nature of the relationship being 

described. The above distinction is important. Obviously, the nature of the relationship is determined by 

subject matter under investigation and not by the data themselves. The researcher must be able to 

specify in advance the nature of the relationship among variables to be described in a data set. The 

relationship must make biological or clinical sense as shown by the 2 examples on body-height and 

dose-response. A useful clue is to check temporal precedence between variables. Dependent variable 

must always occur after the independent variable. Response can occur only after drug dosing, death 

after onset of illness of varying severity, etc 

 

In describing asymmetrical relationship, we are usually interested in not only presence or absence of 

relationship, but also the graded effect on dependent variable with increasing values of the independent 

variable over its entire range. In other words, we implicitly assume the independent variable is 

continuous or at least ordinal. If the independent variable is categorical or binary, for example treatment 

vs placebo, diabetic versus non-diabetic, we cannot speak of graded relationship then. Instead we are 

comparing effect of the different groups on outcome of interest. This is described under  “Comparing 

treatment groups” in page ##. 
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a. Describing symmetrical relationship among variables : 
 

I. Describing symmetrical relationship between continuous variables: 
 

Data set :  (ht_wt.txt) 

We are interested in the relationship between body weight and height in growing children.  

ht wt 

107 19 

88 53 

97.3 50 

112.3 35 

113 24 

. . 

. . 

 

 

Summary : 

a.  Tabular display  :  this is not useful for describing symmetrical relationship among continuous 

variables 

 

 

b.  Graphical display : 

 

 

Scatter plot : a graph of a collection of pairs of X and Y values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scatter plot matrix : this is useful for visualising the relationship among several (3 or more)  variables 

simultaneously in a single graph (see an example of this in the next data set). 
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c.  Statistics :  for  describing linear symmetrical relationship.  

 

Pearson correlation coefficient r : this is a number that expresses the strength and direction of linear 

relationship between 2 continuous variables. Some important properties of r : 

 It ranges from -1 to +1; -1 indicating perfect negative relation, 0 no relation and +1 perfect positive 

relation between the 2 variables.  

 Factors influencing r : 

1.  r is influenced by a restricted range in values 

2.  presence of extreme values (like for mean and sd) : then use Spearman rank correlation coefficient 

(see below) just as we use median and interquartile range when data is skewed. 

3.  data are from heterogeneous groups of subjects with different means and variances :  obtain r 

separately for each groups rather than combining them. 

 

For above data, r=0.48 as expected from the scatter plot. Taller children should be heavier. 

 

 

Scatter plot of 2 variables describing  relationship for various  r values: 

y
1

Plot of Y vs X : perfect relation r=1
x
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Plot of Y vs X : positive relation r=0.8
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y
3

Plot of Y vs X : perfect no relation r=0
x
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Plot of Y vs X : negative relation r= -0.8
x
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0
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II. Ordinal variables or mixed ordinal-continuous variables : 
 

Data set : (corr_HD.txt) 

In a study to determine prognostic factors that may influence mortality outcome among HD patients,  3 

variables are considered potential candidate. They are QL index score, a measure of quality of life 

(score ranges from 0 (worst) to 10 (normal)), serum albumin and sr Haemoglobin. We first examine the 

relationship among these variables prior to determining their influence on mortality. QL index however 

is an ordinal variable. 

 

Summary : 

 

a.  Tabular display : not useful 

 

b.  Graphical display : even for ordinal measure, exactly the same scatter plots as those described for 

continuous variables can be used.  

 

Relationship among QL index, Hb and sr Albumin in HD patients

qlindex

5

86

2 10

5 86

ALB1

2

10

3.9 17.6

3.9

17.6

HB1
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c.  Statistic: the ordinary Pearson‟s correlation coefficients are often used for such data too. It is 

however better to use another statistic called the Spearman‟s rank correlation coefficient. (as its 

name suggest, the calculation of correlation is based on rank rather than the actual numerical values 

of the variable). 

 
Correlation among qlindex albumin hb 

(obs=1252) 

 

        |  qlindex  albumin       hb 

--------+--------------------------- 

 qlindex|   1.0000 

 albumin|   0.1917   1.0000 

      hb|   0.2463   0.2144   1.0000 

 

 

Repeating the analysis, this time using Spearman‟s rank correlation coeff. 

 
|  qlindex  albumin       hb 

--------+--------------------------- 

 qlindex|   1.0000 

 albumin|   0.1868   1.0000 

      hb|   0.2569   0.2306   1.0000 

 
Results are not very different. 
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b. Describing asymmetrical relationship among variables 
 

Choice of methods in turn depend on: 

I. Continuous dependent variable 

II. Binary dependent variable 

III. Ordinal dependent variable 

IV. Survival time or Event dependent variable 

 

I. Continuous dependent variable : 
Data set :  (corr_HD.txt) 

Consider the same data set on HD patients‟ QL score, Hb and sr albumin. Assuming it was 

hypothesised that an important determinant of Hb level on HD is patient‟s nutritional status. Serum 

albumin could be used as proxy measure of nutritional status. The investigator is then interested in 

knowing how variation in sr Hb (the dependent variable) among HD patients is related to sr albumin 

((the independent variable; study variable of interest).  

 

Summary : 

a.  Tabular display : not useful 

 

b.  Graphical display :  

      the same scatter plot is used. We plot the dependent variable against each independent variables 

individually and separately rather than in a matrix. To visualise the joint effect of multiple independent 

variables on a dependent variable, more advanced graphs are available to describe the additional effect 

second, third etc independent variable on a dependent variable after having accounted for the effect of 

the first independent variable considered (so called added variable plot, component plus residual plot). 

Consult a statistician.   

 

c.  Statistics : 

Regression coefficient , beta  : this describes the linear relation between a dependent variable (say Y) 

and an independent variable (say X). It quantifies the dependence of Y on X. If the relationship is 

linear, this can be represented as a straight line. The „best‟ straight line is fitted to the data points so to 

speak according to some criteria like the least square criterion. The slope of the line is the B coefficient, 

it measures the change in the average value of Y for a unit change in X value. 

 

For the above data set and problem,  the best straight line is shown below together with a scatter plot. 

The beta is 0.06. In words, this means, among HD patients, sr Hb rose by 0.6 mg/dL for every 10 g/L 

rise in sr albumin. 

 

 

 

 

mean Hb=6.4+0.05Alb

Scatter plot of Hb vs albumin with fit ted line
ALB1
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II. Binary dependent variable : 
 

Data set : (outcomeICU.txt) 

In a study, the investigators were interested in the relationship between a newly developed severity 

score (1-100) on mortality outcome in elderly ICU patients. 

Subject  Score  Death =1 or 0 otherwise  

1  1  0  

2  3  0 

3  67  1 

4 

. 

. 

100 

 

Summary : 

a.  Tabular display :  a common way to tabulate such data is to categorise all the independent variables 

(if it is not already categorical) and compare the outcomes as follows : 

 

Independent variables n Outcome 

% dead 

Age : 

  65-74 

  75-84 

  >=85 

 

39 

29 

32 

 

46% 

38% 

59% 

Gender 

  male 

  female 

 

37 

63 

 

54% 

44% 

Severity score : 

  1-39 

  40-79 

  >=80 

 

39 

40 

21 

 

3% 

67% 

95% 

All 100 48% 

 

 

b.  Graphical display : with binary outcome this is obviously more difficult. With the help of so called 

smoother, one can highlight the relationship as shown below : 

 
Line is Lowess smoother
.

Y

Relationship between mortality outcome and severity score
Severity score

0 50 100

0

.5

1

 
Note the sigmoidal (non-linear)  relationship between mortality outcome and severity score above 
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: 

Line is Lowess smoother
.

Y

Relationship between mortality outcome and age
Age groups

1 2 3

0

.5

1

 

Note the absence of relationship between outcome and age. The age range in this study was restricted to 

60 and above only. 

 

 

c. Statistics : 

Regression coefficient , beta  : as stated earlier, this describes the linear relation between a dependent 

variable (say Y) and an independent variable (say X). With binary Y the relationship cannot be linear. 

However, using suitable transformation on Y  often a linear relationship can be found between the 

transformed Y and X. A popular transformation for binary Y is the so called logit transform. The slope 

of the line is the  coefficient, it measures the change in the average value of transformed Y for a unit 

change in X value. For logit transform, on back transformation to the original scale, the  has 

meaningful interpretation in term of odds ratio. For example, For the above data, the  for severity 

score  is 0.11 which on back transformation gives an odds ratio of 1.12. This means the odds (chance)  

of death increases by 12% for each unit increase in severity score. 

 

 

 

 

 

 

 

III. Ordinal dependent variable : 
this is  more complicated to describe. There has been important recent advances in describing such 

data, this is beyond the scope of this short note. Consult statistician if you have such data. An example 

is given under Comparing treatment group on page ##. 

 

 

IV. Survival time dependent variable : 
An example is given under Comparing treatment group on page ##. 

 

 

 

 

 

Describing non-linear relationship : 
Much recent advances in statistics has been in methods for describing non-linear or non-monotonic 

relationships, so called flexible modelling or generalised additive model. These are advanced subjects 

beyond the scope of this lecture. 
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c. Comparing treatment groups 
We often wish to describe and compare the response of 2 or more groups subjected to different 

treatment. This arises obviously in experiment like clinical trial where subjects are randomised to 

treatment or placebo group and their responses to treatment are measured. We wish then to summarise 

and compare treatment responses between groups. Treatment effect refers to the comparison of 

treatment responses between 2 or more arms of a trial. The ideas may be extended to comparison of 

groups that arises naturally rather than constituted deliberately in planned experiment. For example, in 

prognostic study, one may be interested in the comparison of outcomes of subjects with similar disease 

but with differing stage or severity of disease, or with or without comorbidity like diabetes. Thus 

subjects may be grouped according to severity or presence of comorbidity and their outcomes 

compared. 

 

In such comparison, it is assumed that the response or outcome measures are the dependent variable, 

and the grouping variable (treatment vs placebo, mild vs moderate vs severe disease, diabetic vs non-

diabetic) is the independent variable. That is, group membership has effect on or influence the response 

or outcome measures. This may not necessarily make sense. For example, you can group people by 

their height (tall vs short defined by some criterion)and compare their weight and found that tall people 

are heavier. However it wouldn‟t make sense to say their weight is influenced by their height for you 

could just as well group them by weight (heavy vs light) and equally found that heavier people are 

taller. 

 

Many methods are available to summarise such data. Selection depends on : 

 the types of outcome or response measurement : continuous or discrete (ordinal or binary). 

 the number of  measurements : one post-treatment, 2 at pre and post-treatment, or several repeated 

measurements. 

 

Such statistical methods are obviously of great importance in the analysis of clinical trial data. We shall 

illustrate these methods using examples from clinical studies.  

 

I. Binary response data : single terminating event 

II. Binary response data : recurrent event 

III. Ordinal response data : single post treatment response measure 

IV. Ordinal response data : Pre-post or repeated ordinal response 

V. Continuous response data : single post treatment response measure 

VI. Continuous response data : pre and  post treatment response measure 

VII. Continuous response data : repeated pre and post treatment response measures 

VIII. Survival time response data : single terminating event 
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I. Binary response data : single terminating event 
The outcome is occurrence of event like death,  success/failure, respond/non-respond. After occurrence 

of event, the subjects are excluded from further observation either by necessity (like death) or by 

protocol (failure or non-respond). These are commonly encountered response measures in clinical trial. 

 

Data set:  (CSA_trial.txt) 

In a trial comparing effect of Cyclosporine A(CsA)  versus conventional imunosuppression on kidney 

graft failure, the outcome data is binary (1=failure, 0=no failure at 1 year) and the groups are CsA vs no 

CsA. 

 

 

a. Tabular  display : 

 CsA No CsA 

Number of subjects  

 

100 100 

Number of graft failures at 1 

year post-transplant* 

10 15 

Risk of graft failure at 1 year 

post-transplant 

0.1 0.15 

* no patient died. 

 

 

b.  Graphical display : bar chart as shown below, which is not really useful. 
.
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c.  Summary statistics : many statistics are used. 

 

1. Risk difference : 

Risk of event in treated group = P1 

Risk of event in control group = P2 

then,  Risk difference d  =  P1-P2 

 

Interpretation : 

a.  Risk difference measure the absolute difference in risk of event occurrence between 2 groups 

b.  In trial, a useful interpretation is in term of number needed to treat,  NNT  =  1 / d.   

     This expresses the number of patients who must be treated in order to reduce one adverse event; and 

therefore provides a measure of therapeutic effort in relation to therapeutic yield. 

For eg. in above data,  Cyclosporine A drug treatment for renal transplant reduces risk of graft failure 

at 1 year  by 5 % (d=5%).  NNT = 1/0.05 = 20.  In contrast drug treatment for mild HT has NNT in the 

range of 800. 

 

 

2. Risk ratio or  relative risk : 

P1 = risk of treatment 

P2 = risk of control 

then,  Risk ratio or relative risk RR  =  P1 / P2 

 

interpretation : 

a. RR expresses the relative probability that an event will occur when 2 groups are compared  

    eg  for above data, RR = 0.66  , which is less than 1. This  means treatment reduces risk of event. 

b. It is often useful to express in terms of relative risk reduction. 

    RRD = 1 - RR 

    eg. for above data,  RRD = 1-0.66 = 0.34        means treatment reduces occurrence of event by 34%. 

c.  However, without knowledge of baseline risk (ie control group risk), RR can be difficult to 

interpret. The magnitude of RR depends on the magnitude of the baseline risk. The same RR could 

correspond to greatly differing absolute effect. For example, 

 

  RR = 2   =   0.002/0.001 ;  with    d = 0.001          which is trivial 

 

  RR= 2    =  0.8/0.4 ;   with d= 0.4  which is a very impressive absolute risk reduction. 

 

d.  It is important to remember that the value of risk is time dependent. RR tends to 1 in the long run. 

 

3. Odds ratio : 

risk or probability can alternatively be expressed as odds O = P/1-P;  we can similarly have ratio of 2 

odds. 

 

Odds ratio   OR  = O1 / O2 =   P1/1-P1 

                                                  P2/1-P2 

 

Interpretation : 

a.  Odds ratio is hard to interpret. Most people except gambler are more comfortable with risk than 

with odds. Odds ratio can easily be converted to risk ratio  RR = OR / (1+Ic*(OR-1)) where RR is 

risk ratio, OR is odds ratio and Ic is event risk in control group.  

b.  It is useful in certain specific situation. In certain case control study; OR can be used to estimate RR 

but could hardly be justified for clinical trial or medical follow up study. 

c.  Odds ratio however has useful statistical and mathematical properties which is why it is popular 

with statistician but we are clinicians.  
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It is easy to misinterpret above statistics. An example below: 

 

Data set: 

In a survey of 500 male and 500 female children (assuming representative sample), 80 

boys were diagnosed to have current/previous asthma as determined by a highly 

accurate method, while only 40 girls were so diagnosed. 

What is the risk ratio of asthma, using girls as reference?  

Do you agree that boys had higher risk of asthma? 

 

 Boys Girls 

Asthmatic 80 40 

Non-asthmatic 420 460 

Total 500 500 

 

 

 

Contrast above study with this: 

500 male and 500 female children (assuming representative sample) were followed up 

from birth till age 5. 80 boys were diagnosed to have asthma as determined by a 

highly accurate method during follow-up, while only 40 girls were so diagnosed. 

What is the risk of occurrence of asthma for boys and girls, assuming risk is constant 

between age 0 and 5, there is no death and no loss to follow-up from birth (all 

assumptions false of course)? And hence the risk ratio of asthma using girls as 

reference. 

 

Answer: The calculation is exactly the same. Only now the interpretation is correct. 

But then, the assumptions are untenable, and hence the results too.
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II. Binary response data : recurrent event 
These are outcome events that may occur repeatedly. Examples are recurrent peritonitis on CAPD(a 

type of dialysis), occurrence of epileptic fits on anti-convulsant, acute exarcebation of asthma, 

recurrence of bladder tumour on thiopeta etc. Very common medical response data but unfortunately 

difficult to handle. You are advised to consult a statistician on this. 

 

 

Data set: 

In a trial comparing effect of antibiotic prophylaxis against post renal transplant UTI during the first 3 

months post transplant , the outcome measure is occurrence of UTI which may occur repeatedly during 

the 3 months post transplant 

  

Summary : 

a. Tabular display : 

 

 Antibiotic Placebo 

control 

Number of patient-months of 

observation in trial   

 

1200 1200 

Total number of UTI during trial  66 78 

UTI rate in number of episode per 

patient-month  

0.055  0.065  

 

b.  Graphical display : bar chart as shown below, which is not really useful 
.
.

U
T

I 
ra

te
, 
e

p
i/
p

t-
m

o
n

UTI rate : antibiotic Rx vs no Rx

0

.02

.04

.06

No Rx Ab. Rx

 
 

 

c. Summary statistics : again many methods are available 

1.  Risk difference or ratio: when number of events per subject is small and risk of event varies over 

time, use multivariate failure time methods; eg.  Prentice WP model, Wei LW model and Andersen-

Gill model (Clayton SMMR 1994, Stat med issue 1997 April) 

2.  Rate difference or ratio: when events are frequent and the hazard varies little over time, use methods 

based on event count over defined time interval. (Clayton SMMR 1994) 

 

    eg. for above data :  rate difference = 0.065-0.055= 0.01 episode per pt-mon 

 

                                    rate ratio = 0.055/ 0.065 = 0.85    , treatment reduces rate by 15%. 
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Adjustment or standardisation of risk ratio/odds ratio/rate ratio  
We are often interested in comparing occurrence of events between groups of subjects having different 

treatments or exposures. To do that, we estimate the effect measures like risk or odds or rate ratio, risk 

or rate difference etc. However, prior to accepting this estimate as indicating true difference in outcome 

between groups, we must be sure that the difference in outcome is not due to other influential factor 

that differs systematically between the comparison groups. We said that the comparison between 

exposure groups is confounded by extraneous factor, referred to as a confounder.  For example, the risk 

of lung cancer is higher in men than in women. However we would not attribute the occurrence of lung 

cancer to the gender of the subject. Instead we would suspect the difference is due to higher prevalence 

of smoking among men. Thus the comparison of men and women is confounded by smoking. Smoking 

is the confounder.  

 

Many methods are available to control for the effect of confounders. That is, we adjust the measure of 

effect like Risk ratio, odds ratio, etc , with respect to the distribution of confounder between the 

comparison groups. 

The methods are: 

1.  Standardisation. 

2.  Modelling: this uses advanced statistical methods and will not be covered here.  

 

Standardisation: 

There are 2 methods of standardisation : 

1.  Direct method. 

2.  Indirect method. 

Mathematically, standardisation refers to obtaining weighted average, with weights taken from a chosen 

standard distribution. 

     R adj  =          w j * R j 

 

where;  R adj  = adjusted rate or risk 

             w j      = stratum j weight 

             R j      = stratum j rate or risk 

 

Data set: 

We are interested in the effect of coexisting chronic obstructive airway disease (COAD) on the 

mortality outcome of Acute Myocardial infarction. We obtain the following data from Mentakab DH: 

 COAD       No COAD 

# admitted 10 50 

# died 5 5 

Case fatality rate o.5 o.1 

Relative risk = 5  

 

However, we also know patients with COAD are generally older than those without. Maybe the higher 

mortality after AMI for COAD patients is entirely or partially due to the poorer outcome of older 

patients.  

We therefore standardise the effect measure for age using direct method: 

We obtain data on the age distribution and age specific death risk : 

 COAD  No COAD ALL 

Age Age 

distribution 

Age  

specific risk 

Age 

distribution 

Age specific 

risk 

Age 

distribution 

<40 0.1 0 0.2 0.05 0.18 

40-60 0.2 0 0.6 0.08 0.53 

>60 0.7 0.7 0.2 0.2 0.28 

Using all patients as the standard population,  

 

Standardised death risk for COAD patients  

=  0*0.18  +  0*0.53  +  0.7*0.28      =     0.19 

 

Standardised death risk for non-COAD patients  

=  0.05*0.18  +  0.08*0.53  +  0.2*0.28      =     0.11 
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Standardised Relative risk = 0.19/0.11 =  1.8      cf RR=5 for unstandardised  

 

There is one little problem. The age specific risk is estimated from small sample size especially for 

COAD patients ,(note the 0 risk ). The estimates are unreliable. 

 

Indirect method then can be used. It does not require stratum specific rate or risk. It only requires the 

stratum specific rate or risk of a standard population be chosen :  

 

We use HKL admissions in 1995-6 as the standard population . Its age-specific risks are as follows: 

Age Age specific risk: 

<40 0.06 

40-60 0.12 

>60 0.31 

 

Standardised mortality ratio SMR 

=    observed number of events 

     expected number of events had the standard population risk or rates applied   

 

For COAD patients; 

SMR =                                   5          

                 ( 0.06*0.1 + 0.12*0.2 + 0.31*0.7 )  * 10 

 

         = 5/2.47  =  2    

Thus, patients with COAD is still at higher risk, adjustung for effect of age 

 

For non -COAD patients; 

SMR =                                   5 

                 ( 0.06*0.2 + 0.12*0.6 + 0.31*0.2 )  * 10 

 

         = 5/12.7  =  0.4 
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III. Ordinal response data : single post treatment response measure 
This refers to response which is ordered. Examples are tumour response (complete remission, partial 

response, progression), anti-TB treatment response, etc. 

This is a difficult subject, you are advised to consult a statistician. 

 

Data set: (MRC_TB.txt) 

The classic MRC trial in 1948 compared Streptomycin treatment for pulmonary TB versus no 

treatment(control), the ordinal response measure has 6 categories as shown below. 

 

 

Summary : 

 

a. Tabular display : 

 

category Response treatment Control Total 

1 Death 4 14 18 

2 Marked deterioration 6 6 12 

3 Mod. Deterioration 5 12 17 

4 No change 2 3 5 

5 Mod. Improvement 10 13 23 

6 Marked improvement 28 4 32 

Total  55 52 107 

 

 

b.  Graphical display : 

 

Cumulative distribution graph : useful for showing shift in the distribution. In the graph below, 

Streptomycin treatment has clearly shifted the distribution to the right (improvement). 
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c. Summary statistics for ordinal response : many are available 

1.  mean difference : inappropriate 

2.  median difference : also inappropriate but commonly seen 

3.  rank sum estimator, delta  : the  probability of a treatment group response is better than a control 

group is p1 and that of control being better than treatment is p2, then  = p1-p2. 

For above data, delta is 0.48 

4.  generalised odds ratio, alpha  :   = p1/p2    (Agresti Biometrics 1980) 

for above data,   alpha is 3.75 

5.  Continuation odds ratio 

6.  Adjacent category odds ratio 

7.  Cumulative odds ratio, theta  : currently the preferred choice. It means the odds of larger values of 

response measure is  times for treatment versus placebo; the odds remains the same regardless of 

choice of cut points to define larger values of response. Graphically, this indicates cumulative 

distribution function F(y) of response is stochastically higher for treatment than for placebo as 

shown below:. 

        1 

 

                        

           F(y) 

                                Treatment control 

     

 

 

 

 

                      0     1   2   3   4   5   6   7   8   9   10     ordered response categories      

 

 

For above data , the cumulative odds ratio, theta is  5.43. 
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IV. Ordinal response data : Pre-post or repeated ordinal response : 
This is an active area of current statistical research, consult a statistician.  

Data set: 

In a trial comparing a new hypnotic versus placebo in patients with insomnia, the outcome is patient 

response to the question „ How quickly did you fall asleep after going to bed?‟ using categories (<20, 

20-30, 30-60, >60) minutes. Responses were obtained at baseline and at 2 weeks after treatment.  

 

Summary : 

a.  Tabular display : 

 

Proportion distribution of time to falling asleep by treatment and measurement occasion. 

  Responses 

 

Treatment Occasion <20 min 20-30 30-60 >60 min 

Hypnotic Baseline 

 

10% 17% 34% 40% 

 Follow-up 

 

34% 41% 16% 9% 

Placebo Baseline 

 

12% 17% 29% 42% 

 Follow-up 

 

26% 24% 29% 21% 

 

b. Graphical display : 

Cumulative distribution graph is useful. 
.
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The response distribution shifts to the left on follow-up for both treatments indicating placebo effect or 

spontaneous resolution. However the degree of shift seems greater for hypnotic treatment. 

 

c.  Statistics : as for single response, many are used. 

 

    For above data,  the cumulative odds ratio at follow up was 2. 

 

before 

after 

placebo 

treatment 
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V. Continuous response data : single post treatment response measure 
Common examples of these data are sr. cholesterol in cholesterol lowering drug trial, BP in anti-

hypertensive drug trial, etc 

 

Data set: (Cholesterol_trial.txt) 

In a phase II trial comparing the effect of a new drug A versus placebo on sr. Cholesterol concentration 

of 50 patients in each group, the response measure is the sr. Cholesterol at 6 weeks post treatment. 

 

Summary : 

a.  Tabular display : 

 Drug A Placebo 

Sample size n=50 n=50 

Median sr. Cholesterol at 6 

weeks, mmol/L 

4.1 4.9 

Mean sr. Cholesterol at 6 weeks, 

mmol/L 

4.5 5.4 

 

b.  Graphical display : 

Box plot : comparing the distribution of 2 or more groups 
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Dot plot : as box plot for comparison of distribution of continuous measure. 
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c. Summary statistics for continuous response : 

1.  difference in mean between groups: if each group‟s data is symmetrically distributed. For above 

data, difference is 0.9 mmol/L 

2.  difference in median between groups: if distribution is skewed but similar shape. For above data, 

difference is 0.8 mmol/L 
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VI. Continuous response data: pre and  post treatment response measure 
This is also quite common. Many trials include a baseline measure obtained before treatment and a 

response obtained after treatment. Examples include : exercise tolerance time in CHF trial, grip strength 

in arthritis trial, lung function in asthma trial, Hamilton scores in depression trial etc. 

 

Data set: (Ferr_hb.txt, courtesy of Dr. Goh BL, Nephro, HKL) 

This was a study to  describe the response of Hb during DFO treatment for aluminium bone disease 

among haemodialysis patients. There are plausible biological reasons to expect such a response.  It is  

uncertain whether  the response may be related to mobilisation of iron store as measured by sr. Ferritin 

concentration or to healing of aluminium bone disease by DFO treatment. The baseline is the pre-

treatment Hb and the response is the Hb after treatment.  

 

Summary : 

a.  Tabular display : 

 sr. Ferritin<800 ng/ml sr. Ferritin>=800 

ng/ml 

All 

 n=35 n=15 n=50 

Mean baseline Hb, g/dL 

 

9.3 8.9 9.2 

Response :    

 post Rx Hb, g/dL 

 

9.2 10.8 9.7 

 change from baseline, 

g/dL 

 

-0.05 1.9 0.5 

 % chamge relative to 

baseline, % 

 

1 % 24 % 8 % 

 

b.  Graphical display : 
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c . Summary statistics : many methods are available  

1.  Difference in post treatment mean or median: ignore the baseline measure, only 

summarise and compare the post-treatment response measure with or without 

covariance adjustment. 

2.  Difference in mean change : compare change in response from baseline ie  post-Rx 

response - baseline 

3.  Difference in mean percentage change: compare mean percentage change relative 

to baseline ie  100* change/baseline. 

 

 

The above methods are not interchangeable, erroneous results are obtained if 

inappropriate methods are used. Therefore wise to consult statistician. See the 

example below. 
 

Data set: 

In an anti-asthma treatment trial comparing 2 treatment (Rx 1 and 2), the baseline is 

the last pre-treatment measurement of percentage of predicted normal FEV1 and the 

response is the maximum percentage of predicted FEV1 in the first 4 hours post-

treatment. The results by steroid dependence status are as follows: 

 

 Treatment 1 Treatment 2 

 

 not steroid 

dependent 

steroid 

dependent 

not steroid 

dependent 

steroid 

dependent 

 n=141 n=107 n=143 n=104 

Baseline FEV1 60.1 52.6 59.8 55.4 

Response :     

 percentage change    

relative to baseline 

39.8 48.2 43.0 45.7 

 change from  

baseline 

24.9 24.1 25.2 25.3 

 

One interpretation of the above results was that steroid dependent patients respond 

better to treatment (especially for treatment 1) than non-steroid dependent patients.  

Do you agree? 
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VII. Continuous response data : repeated pre and post treatment quantitative measures : 

Some trials include baseline measurements as well as repeated measurements of patients‟ responses at 

several pre-defined time after treatment. Examples include : sr. Creatinine or GFR measures in renal 

failure progression trial, exercise tolerance time in CHF trial, grip strength in arthritis trial, lung 

function in asthma trial, Hamilton scores in depression trial etc. This is a difficult subject for non-

statistician. Therefore wise to consult one. 

 

 

Data set: (potx_ACE.txt, courtesy of Dr. Ong LM, Penang GH) 

This is an observational study to describe the response of sr. Creatinine as a measure of renal function 

to ACE inhibitor treatment among 287 patients with post transplant proteinuria. The question of interest 

is whether the response is predicted by proteinuria reduction by ACE inhibitor.  The response measure 

is the serial creatinine before and after ACE inhibitor treatment, and we wish to compare the response 

between patients with and without significant reduction in proteinuria. 

 

Summary : 

a.  Tabular display : not useful 

 

b.  Graphical display : 
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c. Summary statistics : many methods are available  

1.  Mean response at every time points : frequently seen in the past but obviously incorrect method. 

2.  Repeated measures as multiple end-points but difficult to interpret. (Pocock Biometrics 1987, 

O‟Brien Biometrics 1984) 

3.  A single summary measures of each patient‟s repeated responses, then use standard methods to 

summarise differences in mean of summary measures : 

a.  Post treatment mean : ignore the baseline measure, only summarise and compare the post-

treatment response measure with or without covariance adjustment. 

b.  Mean change : compare change in measures ie  post-Rx response - baseline, ignore intermediate 

measurements. 

c.  Mean percentage change : compare mean change relative to baseline ie  100* change/baseline, 

ignore intermediate measurements. 

d.  Rate of change (slope) of response over time 

e.  Time average measure : area under the response curve over time (AUC). 

 

4.  Complex models to summarise responses : repeated measures ANOVA, MANOVA, Random effect 

model/conditional model, GEE/marginal model, Markov model etc. 

 Response profile refers to 1/sr. Creatinine over time,  proteinuric responder is one with 50% or more 

reduction in protenuria after ACEI treatment. As shown in above graphs, proteinuric non-responder 

had a favorable 1/creatinine response profile while responder‟s profile shows progression but at a 

slower rate. 
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VIII. Survival time: single terminating event 
Survival time to event of interest not surprisingly is extremely common end-point in many clinical 

trials.  Event of interest may be death, renal death (end-stage renal failure), recurence of cancer after 

remission, etc 

 

Data set :  (Surv_HD.txt) 

Survival data of haemodialysis patients in Ministry of Health between 1980 and 1996. . The data is 

denoted (t, d) where d is censoring indicator (1=censored, 0=uncensored) and t is time to event or 

censoring. Diabetes indicate diabetes status (1=diabetic, 0=not). We wish to determine efefct of 

diabetes on survival under HD. 

 

 

Summary : 

c.  Tabular display : life table 

 
Survivor Function 

diabetes              0          1 

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

time(years)0     1.0000     1.0000 

           5     0.7202     0.3822 

          10     0.5117     0.1632 

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

 

The figures in the cells is the probability of surviving 0, 5 and 10 years of follow-up for non-diabetic 

and diabetic.  

 

 

e.  Graphical display :  

Survival curve : graph of survival probability over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Statistics : 

 survival probability : probability of surviving a given duration of follow-up.  

For above data, the 5-year survival probability was 72% for non-diabetic and only 38% for diabetics. 

 

 

Kaplan-Meier survival estimates, by diabetes
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3. Describing a diagnostic test accuracy 
 

Many medical investigations are aimed at determining the accuracy of a new diagnostic method. 

Method may refer to tests like imaging, laboratory test etc. or may refer to combination of signs and 

symptoms, or a diagnostic strategy comprising a defined sequence of examinations and testing. In such 

assessment it is assumed a gold standard diagnostic test is available for example based on post-mortem 

or biopsy examination. The new method is compared against the gold standard in a series of patients to 

determine its accuracy. The new method may classify patients as diseased or non-diseased (binary), or it 

may be a continuous measure. For continuous diagnostic measure, a cut-off point on the continuous 

scale must be selected to classify patients as diseased or non-diseased. In that case, it may also be of 

interest to determine  an optimal cut-off point that maximise diagnostic accuracy. 

 

 

I. Binary test : 
Data set : (Liver_Test.txt) 

A new test for liver disease is evaluated on 344 patients. The test result classify patients into diseased or 

non-diseased (binary). The correct diagnosis is based on either necropsy or biopsy. 

 

Correct diagnosis         Test        1= diseased, 0=non-diseased 

1   1 

1   0 

0   1 

.   . 

.   . 

 

Summary : 

a.  Tabular display :  the standard way to display such data is the diagnostic classification matrix 

 

 Correct diagnosis  

New test diseased (+) non-diseased (-) Total 

diseased (+) 231 32 263 

non-diseased (-) 27 54 81 

Total 258 86 344 

 

b.  Graphical display :  this is not used. 

 

c.  Statistics : these are calculated from the data in the classification matrix which may be illustrated 

generally as follows : 

 Correct diagnosis  

New test diseased (+) non-diseased (-)  

diseased (+) true positive (TP) false positive (FP)  

non-diseased (-) false negative (FN) true negative (TN)  

 N+ N- N 

 

  For above data : 

1. Overall accuracy  = TP + TN / N  = 0.83 

2. Sensitivity  (true positive ratio)  Sn = TP / N+  = 0.9 

3. Specificity (true negative ratio)  Sp = TN / N-  = 0.63 

4.  False positive ratio = FP / N- = 1- Sp  = 0.37 

5. False negative ratio = FN / N+ = 1- Sn  = 0.1 

6. Likelihood ratio of a positive test LR+ = Sn/ (1-Sp)  = 2.41 

7. Likelihood ratio of a negative test LR- = (1-Sn)/Sp  = 0.16 

 

Obviously, a „good‟ test has high accuracy (as defined above), high sensitivity and specificity, and low 

false positive and false negative ratios. How high or low these values must be for a test to be considered 

“good” is however far more difficult to determine. 
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While the above statistics are useful for describing test accuracy, in a clinical situation, the question of 

interest is how useful the test is for predicting the presence of disease ie given a positive test, what is 

likelihood the patient has the disease? And conversely given a negative test, what is the likelihood the 

patient hasn‟t got the disease? Sensitivity and specificity does not give this information. Another set of 

statistics, the predictive values, are useful for this purpose.  

 Positive predictive value is the proportion of patients with positive test results who are correctly 

diagnosed (disease present). 

 Negative  predictive value is the proportion of patients with negative test results who are correctly 

diagnosed (disease absent). 

They are derived using Bayes‟ theorem, the formulae are shown below. 

 

 For above data, 

prevalence was 

258/344= 0.75 

 

1.  Positive predictive value =  Sn x prevalence  

                                                  Sn x prevalence + (1-Sp) x (1-prevalence) 

= 0.88  

   

2.  Negative predictive value = =  Sp x (1-prevalence ) 

                                                      (1- Sn)  x  prevalence + Sp x (1-prevalence) 

 

= 0.66  

 

Clinician may think that  test „accuracy‟ should be defined in terms of predictive values as they are the 

clinically relevant measures. However as shown in the formulae above, predictive values are critically 

dependent on the prevalence of disease under test which obviously differs from clinic to clinic, and 

population to population. This is best illustrated with an example.  

 

The above test for liver disease was carried out in a liver clinic, not surprisingly the prevalence of liver 

disease was high (75%). If the same test is now used in a community with a prevalence of  0.1% (1 in 

1000 has liver disease) to screen for asymptomatic liver disease, the data is shown below : 

 

 Correct diagnosis  

New test diseased (+) non-diseased (-) Total 

diseased (+) 900 369,630 372,530 

non-diseased (-) 100 629,370 629,470 

Total 1000 999,000 1,000,000 

 

The sensitivity and specificity remains the same at 0.9 and 0.63 respectively. However, the positive 

predictive value has now decreased to 0.002 (cf 0.88 earlier), and the negative predictive value is 0.999 

(cf 0.59 earlier). The test is worthless for predicting liver disease in the community, a lot of people are 

going to be needlessly worried on being screened false positive by the test. 

 

Thus,  predictive values are not universal index of diagnostic test accuracy. On the other hand, 

sensitivity and specificity of a test are invariant to disease prevalence (not strictly correct, test 

sensitivity and specificity may vary under different setting but that is a more complicated issue). Thus 

knowing a test sensitivity and specificity, as well as the prevalence of disease in a particular setting, one 

can easily calculate the predictive values. Sensitivity and specificity are therefore more generally 

interpretable.  
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II. Continuous test  

For a continuous test eg clinical chemistry, various cut-off points on the continuous 

scale can be chosen to classify patients as diseased or non-diseased. For each cut-off 

point, a classification matrix can be obtained and the test sensitivity and specificity 

calculated thus yielding huge number of tables and statistics which is not useful as a 

summary of the test performance. A more global method of assessment is required. 

 

Data set: (UroTest_biopsy.txt) 

The Department of Urology HKL launched a Prostate Awareness week during which 

1728 patients had digital rectal examination (DRE) and tPSA done, among other tests 

(TRUS, prostate symptoms score etc). Of these, 224 subjects went on to have prostate 

biopsy performed to determine the presence of prostate CA on account of being screen 

positive (mainly tPSA>=4 or suspicious DRE but also other criterion like TRUS 

findings etc). 12 were diagnosed to have prostate CA.  The urologists were interested 

in the diagnostic performance of tPSA as screening test for prostate CA. The results 

for assessing the diagnostic performance of tPSA at cut-off of 4 or higher are 

summarised below: 

 Prostate CA 

present 

Prostate CA 

absent 

Positive tPSA 11 (92%) 124 

Negative tPSA 1 88 (42%) 

 12 (100% 212 (100%) 

Hence the sensitivity is 92% and specificity 42%. On these results, tPSA appears to 

perform adequately at least as a screening test (high sensitivity). However, are we sure 

tPSA cut-off at 4 is the „optimal‟ value to identify patients for further testing (biopsy 

for example? At another choice of cut-off, say 6, the sensitivity and specificity will 

change, and may be in a more favourable direction (higher sensitivity for example)? 

The obvious thing to do then is to obtain the sensitivity and specificity for for every 

possible value of tPSA in the sample.  
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Summary 

a.  Tabular display : this is now no longer useful. You get one table for each choice of 

cut-off. For the above example, that means 196 tables; that is no summary at all.  

b.  Graphical display : this is the best way to summarise the results. 

 

Receiver operating characteristic (ROC) curve : this is a plot of the sensitivity versus 

(1- specificity) as the cut-off point ranges over all possible values on the continuous 

scale of the test as shown below: 
 

 

 

 

 

 

 

 

 

 

 

 

 

The ROC curve is a visual and concise way of conveying the test‟s performance as a 

discriminator between diseased and non-diseased patients (ie diagnosis) over the 

entire test range. A perfect test has a curve that coincided with the left and top sides of 

the graph. A completely useless test would give a straight line from the bottom left to 

the top right corner. 

 

 

c.  Statistics : 

Area under the ROC curve denoted A is a global  measure of the test performance. For 

the above example data set, A=0.782. The area is equal to the probability that a 

random person with the disease has a higher value of the test than a random person 

without the disease.  A perfect test has A=1 , ie everybody with the disease has test 

result higher than every body without the disease. A useless test has A=0.5 , ie the test 

is good as tossing a coin, head for disease and tail for no disease. Intermediate values 

between 0.5 and 1 indicates various degree of test diagnostic performance. This is 

useful for comparing two tests for the same disease. The test with the ROC curve that 

lies wholly above the curve of the other test is a better test.

ROC curve of tPSA for diagnosis of prostate CA
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4. Describing agreement between diagnostic tests or diagnosticians 

or methods of measurement. 

 
This kind of investigation also involves comparing 2 or more devices or methods in 

diagnosing disease or more generally in measuring an attribute, except that there is no 

presumption that one of the 2 or more methods is correct, ie a gold standard measure 

is not available. The aim is to determine how well the various methods for measuring 

the same attribute agree with one another.  

There is often requirement in medicine to assess agreement.  

 In clinical practice, for consistent diagnosis doctors must be able to agree with one 

another in eliciting symptoms and signs 

 In medical education,  medical students‟ agreement with their clinical teacher is a 

measure of their performance in history taking and physical examination.  

 In diagnostic service, different labs or different analyser in the same lab measuring 

the same specimen must yield consistent results for safe and effective clinical 

practice.  

 In clinical research, multiple investigators are usually involved in assessing 

patients and collecting data. If the result is to have any value, investigators must be 

trained to perform measurements with little disagreement among themselves. Thus 

assessing agreement between raters or methods of measurement is an important 

part of the research process; and often carried out a pilot study/pre-test before 

conducting the research proper. 

 
 

I. Discrete data (categorical, binary or ordinal, measurement) : 

Clinical measures are often binary or ordinal. For example, diagnostic test indicating 

diseased or non-diseased (binary), radiological ratings on an ordinal scale : normal, 

likely normal, likely abnormal, abnormal etc 

 

Data set: (Radiologist.txt) 

Two radiologists read 100 CXR to determine the presence (1) or absence (0) of certain 

abnormality. It is of interest know how well they agree with one another.  
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Summary : 

a.  Tabular : typical 2x2 table in assessing agreement between 2 raters for binary 

measurement 

  Radiologist 2  

  present absent total 

 present 50 15 65 

Radiologist 1     

 absent 15 20 35 

     

 total 65 35 100 

 

b.  Graphical display : not useful 

 

c.  Statistics : 

 Proportion agreement Po : the total number of readings both raters agreed with 

one another (the main diagonal cells) divided by total number of readings. For 

above data, Po=20+50 /100 = 70%. 

 Kappa : certain amount of agreement however can occur by chance. For 

example, if both raters were to determine presence or absence of abnormality by 

tossing a coin, they would still agree with one another some of the time (both 

toss head or tail on the same occasion). Kappa is a measure of the amount of 

agreement beyond that would be expected to occur by chance. If Po is the 

proportion of agreement, and Pe the expected (chance) proportion of agreement, 

then 

 

          Kappa k =  ( Po - Pe ) / (1 - Pe ) 

 

          For above data, Po = 0.7, Pe = 0.545, and  k is 0.34. 

 (For those who know probabality theory; under independence, 

P(AB)=P(A)*P(B). Therefore, Pe = 0.65*0.65 + 0.35*0.35) 

 

 Kappa ranges from +1 to -1. +1 indicates perfect agreement, 0 indicates only 

chance agreement, and values <0 indicates worst than chance agreement. 

 Kappa can be extended to measurements with more than 2 categories or 

ordinal measure. A weighted form of kappa takes account of the multiple 

categories by weighting disagreement differently according to the seriousness 

of the disagreement. For example for the ordinal measure (normal, likely 

normal, likely abnormal, abnormal), weight of 1 indicates total agreement, 

weight of 0 indicates total disagreement (ie normal vs abnormal), and 

intermediate weights for partial disagreement eg normal vs likely normal, or 

likely normal vs abnormal.  

 Kappa is dependent on the distribution of the categories in the study 

population, for example the prevalence of disease or abnormality or the 

attribute being measured. High prevalence tends to lead to small value for 

kappa even when the observed proportion of agreement (Po) is high. This 

dependence of kappa on prevalence also make generalisation of results to 

other setting difficult. 
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II. Continuous data  (continuous measurement) : 

Data set: (sbp_BlandAltman.txt)  

The NHMS was a multi-purpose health survey to determine the health status, of 

Malaysians, among other objectives.  One of its components was to determine the 

prevalence of hypertension.  The investigators decided in favour of using automated 

method (Vasomat) to measure BP rather than the more conventional mercury (Hg) 

sphygmomanometer because it is easier to operate and more robust. However, it needs 

to agree well with the Hg method before it can be accepted for survey use for obvious 

reason. Thus,  a validation study was carried out comparing BP measurements taken 

with both methods simultaneously.  

 

Summary : 

a.  Tabular : this is not useful 

 

b.  Graphical display : 

 

Bland-Altman plot : plot of the difference between methods versus the mean of the 2 

methods. 

 

comparing Vasomat vserus std. mercury(Hg) method
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c.  Statistics : 

 Mean difference between the methods d : this is a measure of bias between the 2 methods.       

d=0 means no bias, otherwise bias is present. For above data, d= -3.7  ie Vasomat method‟s SBP 

measure is  systematically lower than Mercury method‟s. 

 95% limits of agreement = d + 2Sdiff    , where Sdiff  is the standard deviation of the differences.  

 The interval, d + 2Sdiff   to d - 2Sdiff     ,is the range within which most of the disagreements 

between the 2 methods occurred. Specifically, the differences between the 2 methods lie 

between the limits 95% of the time. For above data, the 95% limits are -27.5 to 20.1 

 If the differences between the 2 methods increases with the mean level, the 95% limits should 

be calculated on the log transformed scale and then transformed back to the original scale by 

taking antilogs. The interpretation of the limits is now in term of one measurement as 

percentage of the other. An example should clarify this : 

 

For the above data, the Bland & Altman plot clearly shows increasing dispersion with mean level. 

The same plot on a log scale is shown below: 
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The 95% limits is -0.19 to 0.13. On taking antilogs, the limits of agreement on the original scale is 0.82 

to 1.13. This means Vasomat SBP reading lies between 82% and 113% of Mercury reading 95% of the 

time, ie anything from 18% lower to 13% higher than Mercury method. This amount of disagreement is 

clearly not acceptable in clinical practice , in survey practice on the other hand it just might be 

acceptable. 

 

 

 Intraclass correlation coefficient (ICC) : this is the proportion of total variance (variation in the 

data) due to the true differences between subjects. The rest of the variation is due to measurement 

error (disagreement between methods and random error). Thus, the higher the ICC, the smaller the 

measurement eror and disagreement between methods. 

 

    For above data on SBP by 2 methods, the ICC is 0.77. 
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4.  Inferential statistics : hypotheses test and confidence interval 
 
You have seen many methods for summarising a data set obtained from various medical investigations 

for various purposes. In particular, statistic, a number calculated from the data, is used to describe a 

particular attribute of interest to the purpose of the investigation. Mean or median to describe the 

typical value in a data set, proportion to describe the occurrence of event of interest, beta coefficient to 

describe how one variable influence another variable, sensitivity and specificity to describe accuracy of 

a diagnostic test, kappa statistic to describe agreement between raters, and so on. What you should 

always bear in mind is that these procedures perform on the data set to obtain those statistics are purely 

mechanical. It doesn‟t matter whether the data set has 10 or 1 million observations, it doesn‟t matter 

whether the data are obtained from a well planned and executed experiment or from some quickie 

shotgun investigation completed over lunch time or even random numbers generated by the computer. 

The same process applies regardless of the data quality and no assumption is necessary. All you get is a 

statistic, and that‟s all there is to it. The statistic doesn‟t say any more than what there is in the 

particular data set in hand. However, in any serious research, the investigator always want to generalise 

beyond the data in hand. For example : 

 

 An epidemiologist conducted a community survey in Malaysia to determine the prevalence of 

hypertension in adults age 30 or above. He calculated from the sample data a statistic 35%. He will 

almost certainly say: the prevalence of hypertension in the community is about 35%; implying the 

number 35% is a „good‟ estimate of the true prevalence of hypertension in the community. 

 A group of doctors conducted a trial in Boston. They found the cure rate for cancer X has increased 

from 25% under standard treatment to 75% under treatment with drug A. They will almost certainly 

say : drug A improves the absolute cure rate of cancer X  by 50%; implicit in the statement is that 

the statistic isn‟t just what is observed in the sample data  but applies to all patients with cancer X , 

present and future, everywhere and not just in Boston. 

 

The obvious question is : How can the epidemiologist or the Boston doctors generalise from their data 

to draw the conclusions they did? They apply procedures, called inferential statistics, to make those 

conclusions.  

 

Basic ideas about Inferential Statistics in research: 
In all research,  

1. We first specify the research objective or prior hypotheses.  

2. We then specify a relevant population. In the community survey on hypertension, the relevant 

population is all Malaysians age 30 or older, and not say all dogs in the world or all Russians in 

Siberia. In the trial, the population is all patients with cancer X everywhere, present and future, and 

not say patients with disease Y in Canada 

3. We further specify the probabilities of type I and type II error which determine the sample size 

required for detecting an effect size (difference in cure rate) or size of population parameter 

(prevalence of hypertension) of interest.  

4. We next obtain a random sample from the population and in the trial, we also randomise the 

sample of patients to the 2 treatment groups. That is we only allow chance to determine the sample 

and group membership.  

5. Data are then collected from the sample. In the process appropriate design techniques are used to 

prevent all other sources of error or bias like use of placebo and blinding in trial, stringent quality 

control procedure to assure compliance with research protocol, etc.  

6. From the data collected, we can calculate a relevant statistic while controlling for all other sources 

of error or bias that could not be prevented during data collection. For the survey, the proportion in 

the sample with hypertension is interpretable as the prevalence of hypertension. For the trial the 

difference in cure rate is interpretable as effect of treatment. The statistics themselves calculated 

from the sample data are not of much interest per se. We are only interested in them as estimates of 

the true prevalence  of hypertension in Malaysia, or of the true difference in cure rates in all 

patients with cancer X. We refer to the characteristic (the prevalence or difference in above 

examples) as the parameter of interest in the population. That is what we are after. We want the 

sample statistic to tell us something about the population parameter; that is we want to generalise 

from sample data to the population. But of course we cannot be certain whether the calculated 
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statistic is the same as the parameter in the population since we only study a sample. Had we 

obtained another sample or repeat the randomisation, we would certainly obtain another statistic of 

different value. The error or uncertainty arises from studying a sample rather than the entire 

population. This variation in statistics calculated from different samples from the same study 

population using the same research process is called sampling error. Since we had successfully 

controlled for (or we assume we had) all other sources of error or uncertainty, the only source of 

uncertainty is that due to sampling.  

7. In order to generalise, we must quantify the uncertainty. Because we had only allow chance to 

determine our sample or group membership, probability laws can be applied to measure the 

uncertainty. The process of applying probability laws to measure the uncertainty associated with 

drawing conclusion from sample data is called statistical inference. 

 

Two procedures are commonly used in statistical inference : 

 Hypothesis testing : in this procedure, we make certain assumptions about the population  ( or more 

specifically we invoke a model for the population from which the data are generated). On the basis 

of the data set and the model, we perform a test (called hypothesis test) the outcome of which is  a 

so called p value. The p value is used as a quantitative measure of the strength of inference; it is the 

probability that a result (the statistic calculated from the data) at least as extreme as that observed  

would arise by chance ie due to random variation in measurements or subject response. For 

example, in the Boston trial, a difference of 50% in cure rate was observed between the 2 groups. 

On performing a hypothesis test, the p value was 0.01. Thus the probability of observing a 

difference of 50% or more as a result of chance is only 1%. Sine the probability is small, we are 

prepared to conclude that a true difference in cure rate exists in the population.  

 95% Confidence interval estimation : in this procedure, as above we invoke a model for the 

population from which the data are generated. On the basis of the data and the model, we  estimate 

the population parameter as well as calculate bounds on the possible errors in the estimate. 

Depending on the width of the bounds, we can decide how much confidence we can place on the 

estimate of the true population parameter. The bounds are called 95% confidence interval. For 

example, in the community survey on hypertension, the estimate of the true prevalence of 

hypertension in the community was 35%. The 95% confidence interval was 32 to 38%. The width of 

the interval is a measure of the imprecision or uncertainty of the statistic as estimate of the true 

prevalence.  We of course do not know the exact prevalence, but we may be 95% confident that it 

lies in the interval 32 to 38%. On the other hand if the 95% confidence interval was 0 to 99%, the 

statistic is useless as an estimate of the prevalence. Even before any data is collected we already 

know the prevalence is anywhere from 0 to 100%. 

 

 

It is worth emphasising a few points about the above procedures: 

 

1.  Like descriptive statistic, the inferential procedure is purely mechanical. That is p 

value or confidence interval is calculated based on the data only.  

2.  However, the validity (correctness of inference made) of the procedure requires 

other considerations external to the data. These are the design and execution of the 

study that generated the data for statistical inference. In particular, the requirement 

of prior hypotheses, pre-specified type I and II errors, element of randomness 

(random sampling and randomisation), design techniques to prevent and/or 

analytical techniques to control for all other sources of error and bias apart from 

sampling error. 

3.  The procedure also requires assumptions about the population from which the data 

are generated (called statistical model). These assumptions may or may not be 

verifiable on the basis of the data collected. 
 

 

I now describe the procedures in greater details emphasising the mechanics and 

interpretation only.  
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I. Hypothesis test: 
 

Step 0 : preliminary 

 prior hypotheses : specify population parameter of interest concerning which we 

wish to draw conclusion. 

 pre-specified type I and type II error (see later) 

 random sample of size n, and for trial randomisation used to allocate treatment. In 

observational study, it is uncertain how an element of randomness has been 

introduced into the study design; the sample studied are not sampled randomly, nor 

groups compared constituted by random allocation. In that case, statistical 

modelling is applied whereby the sample is assumed to arise from a hypothetical 

infinite population and groups are assumed to arise by  random assignment. Results 

of statistical analysis has interpretation only within the context of the statistical 

model assumed to hold.  

 prevent and/or control for all other sources of error or bias.  

 

Step 1 : specify a model for the population (make assumption about the population). 

The population model possesses a parameter of interest to the research; that is we 

wish to test hypothesis concerning the population parameter. 

 

Step 2 : specify null and alternative hypotheses  

We claim that the population parameter is equal to some postulated value, this 

statement is called the null hypothesis H0. The alternative hypothesis Ha is a second 

statement that contradicts the H0. Together the H0 and Ha cover all possible values of 

the parameter of interest. The hypotheses are chosen such that subsequent conclusion 

drawn on testing the hypotheses is meaningful with respect to the research objective.  

 

Step 3 : select an appropriate test  

Test is elected based on the assumed population model and the specified hypotheses 

H0 and Ha.  

 

Step 4 : perform the test  

The result of testing is a number called p value. 

 

Step 5 : draw conclusion using conventional decision rule ie alpha of 0.05.  

If p>0.05, we fail to reject the null hypothesis; if p<0.05 we reject the null hypothesis. 
 

Step 6: check validity of the test 

Since all tests require more or less assumptions, it is important we check that the 

assumptions underlying the test we used are not violated before we accept the 

conclusion based on the test.
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We illustrate the above procedure using a data set. 

 

Data set: (cholesterol_trial.txt) 

In a phase II trial comparing the effect of a new drug A versus placebo on sr. Cholesterol concentration 

in 50 patients from each group, the response measure is the sr. Cholesterol at 6 weeks post treatment. 

 

Step 0 : preliminary 

 prior hypotheses :there are 2 populations here, one on drug A treatment and the other on placebo. 

The 2 population parameters of interest are the respective mean or median; and we wish to 

determine whether the 2 populations mean or median are equal. 

 pre-specified type I and type II error (see later) : based on effect size of 1 (expected difference in 

mean sr. Cholesterol between groups), 5% type I error, 10% type II error, the required sample size 

was 48.  

 random sample of size 100 was thus selected, and 50 patients randomised to each of the 2 arms of 

the trial 

 appropriate techniques(placebo, blinding) were used to prevent all other sources of error or bias in 

the trial. 

 

Step 1 : we assume the 2 populations are independent and normally distributed with equal standard 

deviation but possibly different means. The 2 means are denoted  t and p for drug treatment and 

placebo population mean respectively. Thus the  population parameters of interest are the means. For 

normally distributed population, the mean is equal to the median. 

 

Step 2 : specify null and alternative hypotheses:  

 

Null hypothesis H0 : t = p   which is equivalent to t - p = 0.  This is interpretable as no difference 

in treatment outcome, ie no treatment effect. 

 

Alternative hypothesis Ha : t not = p   ; which is equivalent to saying Ut> Up  or Ut<Up   ie 

treatment effect is present, treatment either increases or decreases mean sr. Cholesterol level.   

 

Together the H0 and Ha cover all possible values of the parameters of interest. The subsequent test of 

the hypothesis is interpretable as test of presence of treatment effect as required for trial objective.  

 

Step 3 :  an appropriate test is the t test. The t test requires assumptions that the 2 populations are 

independent, normally distributed, and have equal standard deviation. 

 

Step 4 :  perform the test;  results are as shown below : 

 
Two-sample t test with equal variances                                           

                                                                                 

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

Variable |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]   

---------+--------------------------------------------------------------------   

    cho1 |      50         4.5     .212132         1.5    4.073705    4.926295   

    cho2 |      50         5.4    .2687006         1.9    4.860026    5.939974   

---------+--------------------------------------------------------------------   

combined |     100        4.95    .1762087    1.762087    4.600364    5.299636   

---------+--------------------------------------------------------------------   

    diff |                 -.9    .3423449               -1.579372   -.2206278   

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

Degrees of freedom: 98                                                           

                                                                                 

  Ho: mean(cho1) - mean(cho2) = diff = 0                        

                                                                                 

  Ha: diff ~= 0                       

  t =  -2.6289              

 P > |t| =   0.0099    

 

The p value of the test is 0.0099. This means the probability of observing a difference in mean sr 

cholesterol between the 2 groups as large as 0.9 mmol/L or higher is 0.0099 if there were actually no 

difference (ie the null hypothesis were true).  
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Step 5 : draw conclusion using conventional decision rule ie significance level of  0.05. Since the p 

value is extremely small and certainly less than 0.05, we reject the null hypotheses. We conclude that 

treatment with drug A significantly reduces mean sr. Cholesterol compare to placebo treatment.  

 

Step 6: check validity of test. 

The validity of t test and the resultant p value depends on among other considerations the assumptions 

about the 2 populations (see step 1 above). We can check this informally by looking at the box plots : 
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It is obvious the distributions are right skewed. In other words they cannot be normally distributed, not 

even approximately. Thus the conclusion drawn based on the t test may not be valid.  

To deal with the violation of test assumptions, we have 2 options here : 

1.  We can log transformed the sr cholesterol data to make their distributions symmetrical. However we 

prefer to retain the original scale of measurement for ease of interpretation of result. 

2.  We can make fewer assumptions about the 2 distributions. They are both right skewed, hence it is 

reasonable to assume they have similar shape. For skewed distribution, the mean is no longer a 

„good‟ measure of central tendency, instead we use the median. Thus, we wish now to test the 

equality of the 2 medians. We follow exactly the same procedure as above except that instead of 

using the t test, we now use the so called Wilcoxon rank sum test (a.k.a. Mann Whitney U  test) 

which test the equality of the 2 population medians. It assumes the 2 distributions have similar 

shape, but it doesn‟t require the shape to be symmetrical or normal. 

 
Two-sample Wilcoxon rank-sum (Mann-Whitney) test                                 

                                                                                 

   treat |      obs    rank sum    expected                                      

---------+---------------------------------                                      

       0 |       50        3047        2525                                      

       1 |       50        2003        2525                                      

---------+---------------------------------                                      

combined |      100        5050        5050                                      

                                                                                 

unadjusted variance    21041.67                                                  

adjustment for ties        0.00                                                  

                     ----------                                                  

adjusted variance      21041.67                                                  

                                                                                 

Ho: cho(treat==0) = cho(treat==1)                                                

             z =   3.599                                                         

    Prob > |z| =   0.0003 

 

The p value is 0.0003. The conclusion is unchanged.  
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Guideline for selecting test for comparing parameter of 2 or more distributions :  

 

Many such tests have been devised for any conceivable situations. The important 

point to note is that all tests come with more or less assumptions. The assumptions we 

are willing to make together with the hypothesis of interest to the research determine 

the selection of test: 

 

1.  Assumptions : 

 populations being compared are independent or dependent (unpaired or paired) 

 for continuous measure, populations‟ distribution  being compared are normally 

distributed or otherwise of similar shape 

 for ordinal measures, populations‟ distribution  being compared are of similar 

shape 

 for categorical measures, the population has binomial or multinomial 

distribution. 

 for count measure, the population has Poisson distribution or other appropriate 

distribution.  

 For survival probabilities, the ratio of the 2 populations‟ hazard rates is constant 

(proportional hazard) 

 

2.  Parameter of interest in the population: 

 comparing means of normally distributed population  

 comparing medians of distribution with similar shape 

 comparing proportions of binomially or multonomially distributed populations 

 comparing rates of populations that have Poisson distribution. 

 comparing survival probabilities 

 

3. Number of groups compared : 

 comparing 2 groups, or  comparing  3 or more groups 
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Type of 

outcome or 

response  

measure 

Population 

distribution 

assumed  

Independent or 

dependent 

sample 

(unpaired or 

paired) 

Number of 

groups 

compared 

Other 

assumptions 

concerning 

distribution 

of groups 

compared 

Parameter 

of interest 

compared 

Test to use 

Continuous Normally 

distributed 

Independent 2 equal 

variances 

mean t test 

“ “ “ 2 unequal 

variances & 

unequal n 

mean Welch‟s or 

Satterthwaite‟s 

formula 

“ “ “ 3 or more equal 

variances 

mean ANOVA 

“ 

 

“ Dependent 2 - mean paired t test 

“ “ “ 3 or more - mean repeated measure 

ANOVA 

Continuous 

or ordinal 

Any shape  Independent 2 similar shape median Wilcoxon rank sum 

test (a.k.a Mann 

Whitney U test) 

“ 

 

“ “ 3 or more “ median Kruskal Wallis test 

“ “ Dependent 2 - median Wilcoxon signed 

ranks test 

“ “ “ 3 or more - median Friedman test 

Binary or 

dichotomous 

Binomial Independent 2 - proportion approximate z test, 

Binomial test, Chi -

square, Fisher‟s exact 

test 

“ 

 

“ Dependent 2 - proportion McNemar X2 test 

Poly-

chotomous 

Multinomial Independent 3 or more - proportion chi-square 

“ 

 

“ Dependent “ - proportion Cochran‟s Q test 

Count Poisson Independent 2  - mean or 

rate 

approximate z test, 

chi-square, exact test 

“ “ “ 3 or more - mean or 

rate 

chi-square 

Survival 

probabilities 

Any shape Independent 2 Proportional 

hazard 

Survival 

function 

Log rank test 

 

 

Similarly, many tests have been devised for testing other population parameters of 

interest like standard deviation, survival probability, correlation, regression 

coefficient, odds ratio, risk ratio, kappa, sensitivity and specificity etc. They can be 

found in any statistical text.  
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Types of error in hypothesis testing : 
In applying the tests like those described above, we are running a risk of drawing the wrong conclusion. 

 

  Truth 

 

  Ho Ha 

  t  = p t not = p 

Result of 

hypothesis test 

Do not reject H0 Correct conclusion Type II error ie false negative 

Probability is  

 Reject H0 Type I error ie false positive 

, probability is  

Correct conclusion 

 

We are at risk of making 2 types of error. These errors are not avoidable, they however can be 

controlled by fixing them during the design of the study. In other words, we pre-specify the amount of 

risk, the probability of type I and II error, we are willing to accept.  

 

1.  Type I error or false positive error : this is the probability of rejecting the Ho when Ho is fact true. 

The probability is designated . In hypothesis testing, we control the type I error by fixing the 

significance level at pre-specified  ie we are prepared to reject the H0 only when the p value is <  

the significance level. Typically the false positive error is fixed at 0.05 or less. 

 

2.  Type II error or false negative error : this is the probability of failing to reject the H0 when H0 is in 

fact false. The probability is designated . Another way of expressing this is by taking 1 - , which 

is referred to as power. Since  is probability of type II error, 1 -  is the probability of avoiding 

type II error. In other words, the probability of rejecting the H0 when it is false. We would 

obviously want our study to have high power.  The probability of type II error or power is not 

however a single value because it is calculated based on situation when H0 is false ie t not = p . If 

t not = p , there is an infinity of values that such a difference can have. The type II error or power 

is therefore calculated for a single such specified value. For this reason, in order to control or fixed 

the type II error, we must specify the difference or effect that is clinically worthwhile to detect in a 

study before the data is collected so that we can determine the power of the study. Power of a study 

is typically fixed at 0.8 or 0.9 (corresponding to type II error of 0.2 or 0.1 respectively). The usual 

way to increase the power of a study is by increasing sample size. Note that if the study is not 

designed with a pre-specified power, once the data is collected, it is not meaningful to speak of the 

power of the study anymore. The investigator has simply put themselves at risk of unknown amount 

of type II error which is clearly undesirable.  
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Hypothesis testing is analogous to diagnostic testing. It may be instructive to compare 

the 2 procedures: 

 

Hypotheses test: Diagnostic test: 

Research question: Is treatment A better 

than placebo? 

 

Patient: Has the patient got syphilis? 

Investigate the question: 

- plan study and collect data 

- test the data 

Investigate the patient: 

- examine patient and collect blood 

specimen 

- test the blood 

Test result is expressed as p value 

 

Test result is expressed as VDRL titre in 

dilution 

Determine decision rule, eg 0.05 

 

Determine decision rule, eg 1:8 dilution 

If p<0.05, result is “positive” (significant 

difference is present). Conclude drug A is 

better. 

However, result may be false positive 

(spurious significant result; the 

probability of false positive is in fact the 

p value itself). Check that result is 

consistent with other findings in the same 

research, and no other sources of error 

like bias. 

 

If dilution is high (more 1:8), result is 

positive. Conclude that patient has 

syphilis. However, result may be false 

positive. Check that result is consistent 

with other findings in the patient like 

physical signs, sexual history, etc; and 

check no other cause of false positive eg 

SLE, Yaws, etc 

If p>0.05, result is “negative” (no 

significant difference is present). 

Conclude absence of difference between 

drug A and placebo (note: absent of 

difference does not mean no difference). 

However result may be false negative. 

Check pre-specify false negative error 

rate (type II error), and check other 

sources of error (bias) 

If dilution is low (less than 1:8), result is 

negative. Conclude patient hasn‟t got 

syphilis. However result may be false 

negative. Check that negative result is 

consistent with other findings in the 

patient like physical signs, sexual history, 

etc; and check no other cause of false 

negative like late neurosyphilis, HIV etc.  
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II. Confidence interval (CI) estimation : 
 

Step 0 : preliminary : as before for hypothesis test 

 prior hypotheses : specify population parameter of interest concerning which we 

wish to draw conclusion. 

 pre-specified type I and type II error. Alternatively, for CI estimation this is phrased 

in term of the required precision for the estimate. The precision is measured by the 

width of the CI for a specified level of confidence typically 95% (equivalent to type 

I error of 5%). 

 random sample, and for trial randomisation used to allocate treatment In 

observational study, it is uncertain how an element of randomness has been 

introduced into the study design; the sample studied are not sampled randomly, nor 

groups compared constituted by random allocation. In that case, statistical 

modelling is applied whereby the sample is assumed to arise from a hypothetical 

infinite population and groups are assumed to arise by  random assignment. Results 

of statistical analysis has interpretation only within the context of the statistical 

model assumed to hold.  

 prevent and/or control for all other sources of error or bias 

 

Step 1 : specify a model for the population (make assumption about the population). 

The population model possesses a parameter of interest to the research, that is we 

wish to estimate the value of the  population parameter. Note that in some procedure 

no formal assumption is necessary at all. 

 

Step 2 : calculate a statistic as a  point estimate of the parameter ie the single „best‟ 

estimate of the true value of the unknown population parameter. 

 

Step 3 : calculate 95% confidence interval around the point estimate as measure of 

imprecision of estimate. 

 

Step 4 : use  the point and interval estimates to draw conclusion. 
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We illustrate the above procedure using a data set. 

 

Data set: 

The National Health and Morbidity survey in 1996 collected data on BP measurements on a random 

sample of 21387 adult Malaysians age 30 or older. One population parameter of interest among others 

is of course the prevalence of hypertension in the population of Malaysia. 

 

Step 0 : preliminary 

 prior hypotheses or research objective : what is the prevalence of hypertension in Malaysia?  

 The sample size is so large because the required precision was based on individual state prevalence 

estimate. If the state estimate is precise, it goes without saying the overall Malaysia estimate will be 

extremely precise.  

 random sample of size 23007 of which only 21387 had BP measurements taken  

 appropriate techniques were used to prevent all other sources of error or bias in the survey. 

 

Step 1 : typically in most small scale cross sectional study, we would assume  the population BP 

measurement is  normally distributed. And when a cut-off is used to define hypertension(HT, in this 

survey BP>=140/90 defined as HT) the resulting binary data (HT vs no HT) is assumed to be 

binomially distributed. In this  particular survey, because formal sampling design was used to obtain the 

sample, no such population assumption is required. 

 

Step 2 : the proportion in the sample with HT is the  point estimate of the parameter ie the single „best‟ 

estimate of the true value of the prevalence of HT in Malaysia. This is 33%. 

 

Step 3 : the 95% confidence interval is 32% to 34%. 

 

Step 4 : The best estimate of the prevalence of HT in Malaysia is 33%.  Taking into account sampling 

error or uncertainty, we may be 95% confident that the true estimate could be any where in the interval 

32% to 34%. 

 

Method of constructing the 95% confidence interval 

Like for hypothesis testing, methods are available to estimate the true value of the 

parameter as well as to construct a 95% CI around the point estimate for any 

conceivable parameter of interest. The parameter may be mean, median, difference, 

risk ratio, regression coefficient, kappa, life expectancy etc. As for hypothesis testing, 

these procedures come with more or less assumptions. The assumptions we are 

willing to make together with the parameter of interest to the research determine the 

selection of methods.  

 

95% CI typically has the form theta  + 1.96 SE, where  is a statistic calculated from 

the data to be used as point estimate of the true value of the parameter of interest, and 

SE is the standard error of  ie the standard deviation of the sampling distribution of  

. The sampling distribution refers to the distribution of various values of the sample 

statistic like  would take under repeated sampling from the population and using the 

same method to calculate the statistic.  

For example, from a data set on systolic BP, we calculate the following: 

- mean systolic BP = 140 mmHg 

- standard error (SE) of the mean = 5 mmHg 

- 95% CI = 140 + 1.96*5 = (130.2  , 149.8 mmHg) 

 

It is not possible in an elementary course like this explain the statistical theory 

underlying confidence interval construction and hypothesis testing (ie why do we do 

what we did). Of course, the wonder of modern software is that all these are done 

automatically for you. Just be wary of some of the pitfalls. 
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 Interpretation: Hypothesis test versus confidence interval estimation  

The 2 inferential procedures, hypothesis test and confidence interval estimation, while 

similar in many ways are not exactly interchangeable. They do provide quite different 

information about statistical results. Current practice in medical journal favours the 

use and reporting of CI rather than p value. There are some subtleties in their 

interpretation. I bring together some of these points here, given their obvious 

importance not only in data analysis but also in interpretation of published report.  

 

Interpretation of p value : 

1.  p value measure the strength of inference or the weight of evidence provided by the 

data. It indicates the probability that a result at least as extreme as that observed 

would arise by chance ie due to random variation in measurements or subject 

response. 

2.  The validity of p value as measure of inferential strength depends on prior specified 

hypothesis, absence of other sources of error or bias, element of randomness by 

design or otherwise assumed so, and correctness of the assumed statistical model. 

3.  The interpretation of p value depends on the specified null hypothesis and 

alternative hypothesis. The p value, in the language of diagnostic testing, 

correspond to the false positive error rate, the probability the null hypothesis is true 

given the data. If the p value is large, that is false positive error rate is high, we 

wouldn‟t want to risk concluding the alternative hypothesis. We therefore cannot 

reject the null hypothesis. Note however that this doesn‟t prove the null hypothesis 

is true, merely that the evidence is compatible with the null hypothesis. Another 

way of putting this is: no significant difference does not mean absence of 

difference. If you are interested in proving the null hypothesis, that is 

demonstrating there is absence of difference, you cannot use the procedures shown 

here (the t test, Kruskal Wallis etc). Other inferential procedures are available for 

that but that is beyond the scope of this elementary course. Such procedures are 

important for example in equivalence trial, trial designed to show equivalence of 2 

treatment, as opposed to the more typical trial designed to show the superiority of 

one treatment over another.  

4.  On the other hand, if the p value is small, we reject the null hypothesis. Since the 

false positive error rate is small, we are prepared to take that risk. Now as before, 

rejecting the null hypothesis doesn‟t prove the alternative hypothesis is true. Nor, 

does the p value indicates in anyway the probability that the alternative hypothesis 

is true either. It merely means the evidence provided by the data is against the null 

hypothesis. 

5.  One reason p value is popular among doctors perhaps is that it dichotomises 

statistical results into 2 categories: significant vs non-significant. It provides an 

explicit yes-no answer to the question: is the effect present? I suppose there may be 

merit in this sort of automatic conclusion, or mechanical application of decision 

rule in making inference. It does however detract us from critical appraisal of the 

evidence that requires thought and is therefore more difficult. 

6.  It is important not to confuse statistical significance and clinical significance. 

Statistical significance is a technical term meaning p< alpha, the pre-specified 

significance level. Clinical significance of the observed effect obviously depends 

on the magnitude of the observed effect in the context of the subject matter under 

investigation.  
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Interpretation of confidence interval : 

1.  Confidence interval (CI) addresses the typical question of interest asked of the 

data: with the given sample size and the given observed effect, which true effects 

are statistically compatible with the data and which are not? CI can be thought as 

the set of true but unknown values of the population parameter statistically 

compatible with the observed result. 

2.  Often, a 95% CI is interpreted to mean that we may be 95% certain or confident 

that the true value of the parameter lies within the interval. 

3.  Note the deliberate choice of words: 95% certain or 95% confident. This is to 

caution against interpreting 95% CI to mean the interval has a 95% probability of 

including the true parameter value. Most doctors may prefer such an interpretation, 

but unfortunately it is wrong. I suppose this is confusing but it can‟t be help. 

4.  In fact the interpretation given in 2 above is not strictly correct even though it is a 

popular one. The formally correct definition is: if new data were repeatedly to be 

sampled, the same statistical model applied and a series of 95% CI calculated, 19 

out of 20 such intervals would include the true value of the parameter. This 

statement unfortunately is not readily comprehensible to non-statistician, which is 

why we prefer to speak of being 95% certain or confident. 

5.  CI in many ways is a better measure of strength of inference or weight of evidence 

provided by the data than p value. It provides more information than p value alone: 

 the point estimate provides the single „best‟ estimate of the population 

parameter. This allows us to assess clinical significance in the context of the 

subject matter. For example, a new anti-hypertensive drug lowers BP by 15 

mmHg on average, now this is clinically impressive effect. Another drug lowers 

BP by 2 mmHg, but because 1000 subjects were studied, the p value was 0.01. 

Now there is no question the drug does have statistically significant effect, the 

effect however is clinically insignificant. And clinical significance ultimately is 

more important than any amount of statistical significance. 

 the width of the CI interval measures the imprecision or uncertainty in 

estimating population parameter on the basis of sample data. It gives a plausible 

range of values as estimates of the parameter that are compatible with the data. 

For example, in the HT survey, the 95% CI is 32-34%, this means the data are 

statistically compatible with a true prevalence of HT as small as 32% and as 

large as 34%, which is pretty precise. In contrast, say in a smaller survey, the 

95%CI is 25-45%, a very much wider interval indicating poor precision. We are 

much less certain now about the prevalence of HT, anything from 25 to 45%. 

 The width of the CI also varies inversely with the degree of certainty we desire. 

For eg. the 95% CI for prevalence of HT was 32-34%. The 99% CI was 29-37%, 

a much wider interval but we may be 99% confident the true value lies within it.  

 Of course if you wish to be 100% certain, then the 100% CI for the prevalence of 

hypertension is 0-100%. And you don‟t even need to do the survey to be 100% 

certain the true prevalence of HT lies between 0 and 100%. Such “result” 

however has no information value at all. Similarly, results like 95% CI of 10%-

90% is just as useless. Thus, the whole idea about doing research boils down 

essentially to obtaining a precise (narrow CI) and unbiased (good study design 

and bias correction) estimate of the truth at a cost we can afford. 

6.  CI not surprisingly is closely related to p value and may be so interpreted. If the 

95% CI overlaps the null value (ie 0 for difference, regression coefficient etc;  1 for 
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ratio like risk or odds ratio),  then p>0.05, that is non-significant result. If 95% CI 

excludes the null value, then p<0.05 ie significant result. 

Exercise 8: 

 

1. Data set: (PostPartumAnalgesia.txt, courtesy of Dr. Goh , Dept of OG , HKL) 

In an obstetric trial to demonstrate the superiority of suppository Indomethacin (Ind) 

over conventional treatment using Ponstan (Pon) for post-partum analgesia, 222 

patients were randomised to Ind and 211 to Pon treatment. Baseline characteristics 

(obstetric history, antenatal care, intervention and complication during labour, 

baseline Visual Analogue pain score (VAS) etc) were comparable between the 2 

groups. The primary end-point was VAS at 6 hours post partum.   

 

Results: 

 

a. Descriptive: reproduce the table and graph below: 

 

VAS            Ponstan              Indocid                Total 
0        129        129        258  

        (61.14)    (58.11)    (59.58) 

1         75         87        162  

        (35.55)    (39.19)     (37.41) 

2          6          6         12  

         (2.84)    (2.70)      (2.77) 

3          1          0          1  

         (0.47)    (0.00)      (0.23)  

Total    211        222        433  

        100.00     100.00     100.00  

 

Cumulative distribution of VAS score by treatment groups: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Draw conclusion: What inference can you make from this trial? 

Cumulative distribution of VAS at 6 hrs post partum
score
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2. Data set: (Tx_rejection.txt) 

This was a follow-up study to compare the rejection experience of 2 groups of renal 

transplant patients, viz 257 local Live donor transplants and 126 Commercial cadaver 

transplants performed in China between 1990 and 1997 seen at HKL.  

 

Results: 

a. Descriptive analysis: reproduce the graph comparing 2 survival curves below 

Probability of being free from rejection at 1-year follow-up was 81% for commercial 

cadaver and 65% for live donor transplant (p<0.01) as shown below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Test the hypothesis that there is no difference in rejection outcome between the 2 

groups of transplant patients. What conclusion can you draw? 

 

Kaplan-Meier survival estimates, by tx_type
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Practical : Data analysis- How to analyse data? 

references : 

Chatfield  problem solving   C&H 1995 

Cox and Snell.   Applied statistics   C&H 1981 

 

What you have been shown so far is just a collection of statistical techniques for 

describing data and drawing inferences. How these techniques are actually applied in 

practice in analysing medical research data is not as simple as you may think. Here is 

how professional statisticians actually do it. It is useful that you have some idea what 

they do. That way, should you deem necessary to consult one, you will know what to 

expect. And if the one you consult doesn‟t do anything that resembles what is 

described below, it is time to sack him. 

 

1.  Preliminary 

2.  Initial data analysis 

3.  Definitive analysis 

 

1.  Preliminary : 
     Before looking at the data, clarify the following with the researcher: 

a. Clarify research purpose :  

this may seem obvious, but to paraphrase Deming “until the purpose is stated, there is 

no right or wrong way of going about the analysis”. 

 

General distinction of research purposes : 

1.  Descriptive : enumerative objective, what is? How many? 

2.  Pragmatic : „practical‟ objective. Example, calibration, prediction equation for 

prognosis, pragmatic trial Does the treatment work? 

3.  Explanatory : „scientific‟ objective,  to increase understanding of the process or 

phenomena under investigation, How or why it work? 

 Empirical model : weak theory, for qualitative understanding 

 Substantive model : strong theory, for quantitative understanding 

 

Translate above research problems in statistical terms : 

1.  Descriptive problem : to estimate descriptive parameter  

2.  Regression problem : to estimate model parameter that has substantive 

interpretation in terms of relationship between response and explanatory 

variables. 

3.  Classification and discrimination problem : parameter of rules or model for 

classification and discrimination. 

4.  Interdependence or interrelationship problem : parameters of covariance 

structure 

5.  Decision making  

6.  etc 

 

It is important to make a distinction between : 

1.  Pre-specified research question for which data analysis to provide basis for answer. 

 testing hypotheses, confirmatory data analysis. 
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2.  Non pre-specified research question : 

 then purely exploratory analysis for generating hypotheses. 

 

b.  Pre-specified methods of analysis ? : 

 pre specified in advance in research protocol to test specific hypotheses: eg 

 clinical trial 

 other scientific experimentation 

 not so pre-specified : methods may be modified in the light of data 

 complex data set, often not collected for specific research project 

 unanticipated features of importance found 

 little is known in advance in field of investigation ie exploratory 

 affect only secondary aspects of model 

 modification of the initial precise formulation of the primary aspect of 

model. 

 

 

c.  Research and measurement design,  and data collection : 

 Experimental versus observational design has critical impact on analysis 

 measurement quality : reliability, validity 

 data quality 

 

 

d.  Context : prior or background knowledge available : 

 helpful for formulating statistical problem 

 suggest sensible model 

 data interpretation 

 

 

 

2.  Initial data analysis : 

 
an informal exploratory look at data to get a feel for them. It is a systematic way of 

assessing, exploring and describing a given data set prior to definitive analysis. While 

definitive analysis  provide the basis for conclusion drawn, initial data analysis must 

first iron out data problems and perhaps suggest guidance for definitive analysis. 

 

It consists of : 

I.  Data description : 

1.  Data scrutiny : assess data quality and structure 

2.  Data summary : obtain descriptive statistics, graphs and tables to summarise 

data set 

3.  Data modification 

 

II.  Highlighting interesting or important features in data and suggest direction for 

definitive analysis 
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1. Assess data quality :  

 Errors ie inconsistent observations (obs) and  out of range obs :  Check by 

frequency distribution of each variable, 2-way tables and scatter plot of pairs of 

variables. 

 Biases in measurement and data collection : check data distribution between 

centres, data collectors, secular trend. 

 

 Outliers : „wild‟ or extreme obs which does not appear to be consistent with the 

rest of the data. This is not necessary error, but may be genuine extreme obs 

from the tail of the distribution. 

 check frequency distribution, scatter plot 

 more sophisticated procedure : see Barnett & Lewis 1985 

 

 Missing observations : 

 non consent or non response  

 item missing data 

 drop out or withdrawal : monotone missing data 

 

 

2.  Assess data structure : 

 number of observations : sample size and effective sample size taking account 

of missing data for complete case analysis 

 Number and nature of variables : 

 definition : meaning and coding 

 scale : continuous, ordinal, nominal and binary 

 types : response or outcome or dependent variables, explanatory (study) 

variable of interest , control variables  

 frequency distribution : skewed, outliers 

 

 

3.  Data modification : 

 correcting errors 

 data transformation : eg log(y) 

 categorising continuous variables : caution! See XX  

 derived variables : composite variable, response feature of serial measurements 

 

 

4.  Data summary : 

 summary statistics : location and spread measures, correlations 

 tables and graphs 
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3.  Definitive analysis :  
 

This provide the basis for the conclusion drawn in a research.  

It involves statistical methods for: 

a.  Estimating parameters of interest : descriptive or model parameter 

b.  Dealing with complications: 

 Bias correction: dealing with sources of bias in particular research 

 Complex outcome measure : eg QOL measure  

 mismodelling mean structure 

 mismodelling error structure 

 mismodelling available measurements : model uncertainty 

 missing latent structure : unobserved heterogeneity, omitted covariate 

 missing data : item/unit missing/non-response, drop-out, censored 

 truncated data 

 measurement error / misclassification bias 

 data problems : outliers, numerical problem, complete separation, etc 

 

c.  Statistical inference : 

 frequentist approach : hypotheses testing, confidence interval 

 Bayesian approach 
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Part 3 : Interpreting and reporting research result 
 

1.  Data interpretation  

 
“If we ask for proof in medicine, or any other empirical science, we may be asking for 

something that dose not exist” Cornfield J. Am Statist 1954. (So interpret your 

research results or what you read in the journal with a huge pinch of salt) 

 
1. What conclusion is made ?  : interpretation given to the data 

     This depends on the purpose of the research; what research question was posed? 

a.  Descriptive (enumerative purpose) :      the objective is to characterise the 

attribute or experience and its variation in the population of interest. Examples 

: 

 prevalence or incidence of disease X in the population and its variation by 

common demographic factors. 

 mortality or survival rate in the population with disease X and the variation by 

age, sex etc. 

 reliability and validity of instrument Y in the population . 

 

b.  Analytic  (etiologic purpose) :   the objective is to seek causes and 

associations. Example : 

 risk factors associated with disease X. 

 prognostic factors predictive of adverse outcome in disease X. 

 effectiveness of drug Z in treatment of disease X. 

 

2. Is the conclusion valid ? interpretation justified by the data. 

This means assessment of potential threats to study validity ie  the degree to which the 

inference drawn (conclusion made) from a study are warranted when account is taken 

of the study methods and data analysis. Consider the following : 

1.  Measurement validity. 

2.  Statistical validity. 

3.  Internal validity 

4.  External validity (generalizability) 

5.  Substantive considerations 

6.  Causality inference 

 

1.  Measurement validity : relevance and soundness of measurement method. 

 relevant : appropriate to study purpose. Eg. OKT3 reduces CD4 cell count, CD4 

count is a relevant outcome measure in basic research on OKT3 property, but not 

in clinical trial of its  efficacy. 

 valid : what is measured must approximate the truth. 
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2.  Statistical validity : soundness of method used to summarise data and make 

statistical inference. 

    Study results are basically descriptive or summary statistics calculated from the 

data, accompanied by a measure of statistical uncertainty like P value or confidence 

interval. 

     Summarising data : calculating descriptive statistics that is interpretable as estimate 

of the parameter of interest in the population. 

 the chosen parameter may be defined a priori (as in sample survey) or unknown 

quantity in a model postulated for the data generating mechanism. The chosen 

parameter must be relevant and have substantive interpretation with respect to 

study objective. 

 the method used to calculate the statistic must be adequate : 

 unbiased estimate : eg OR in population based case control study estimate 

the population RR. 

 robust estimate : median is more robust than mean as summary measure of 

central tendency. 

 formal assumptions required are satisfied, eg non-informative censoring in 

using KM method to calculate survival probability., independent 

observations and equal probability sampling in using arithmetic mean to 

calculate mean. 

 model based method needs assessment of reasonableness of model as vehicle 

for the data or better still model for underlying biological mechanism. Eg 

Logit model assumes OR increases exponentially (linearly on logit scale) and 

multiplicative joint effect.  

 

 beware of data torturing  (Procrustean data torturing : making data fit pre 

conceived notion.  Mills NEJM 1993) or subjectivity in data analysis (Editorial 

Lancet 1991). Examples : 

 exposure redefined in way to strengthen association 

 choice of cut off  to define exposure levels 

 disease or outcome measure may be redefined or re categorised by lumping, 

splitting or dropped altogether. 

 study subjects (units of analysis) conveniently dropped. 

 submerged subgroup, results fortuitously observed in only one subgroup 

and thus overall. Subgroup result suppressed and report only overall. 

(Stallones Prev med 1987) 

 choice of statistical model. 

 

        Statistical inference : 

        measure of uncertainty of inference based on sample data; measure of whether 

findings could arise by chance. Typically by significance testing (P value) or 95% 

confidence interval estimate. 

 formal assumptions required are satisfied eg homocedasticity required for t 

test, linear regression. Large sample assumption in many approx test. 

 multiple testing : ? need for correction to preserve overall type I error. (Savitz 

AJE 1995, Jones IJE 1982) 
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 non pre-specified hypotheses : data dredging, fishing expedition, subgroup 

analysis, opportunistic data torturing. (Mills NEJM 1993, Michels Lancet 

1996, Stallones Prev med 1987) 

 Negative results interpreted as no difference or association : may lack power 

(post hoc power analysis not recommended); check 95% CI indicate range of 

compatible results in likelihood or Bayesian inference (Goodman Ann Int 

med 1994) 

 Positive results may still be false positive : 5% alpha error doesn‟t mean false 

positive error cannot occur; more likely in published research. 

 interpretation of P value or CI in observational study : validity of statistical 

inference only guaranteed in random sampling or randomisation in RCT but 

not in observational study where neither random sampling not randomisation 

are employed. P value or CI only account for random error, bias may be 

overwhelming in observational study, hence importance of bias correction. 

(Charlton JCE 1996, Rosenbaum Biometrika 1983 & Ann int med 1991, 

Brennan BMJ 1994 ) 

 

3.  Internal validity :  absence of alternative explanation for the findings (apart from 

chance or other statistical data torturing). 2 other explanations : 

 reverse causation in cross sectional study : uncertain temporal precedence of 

factor. 

 bias : in selection, confounding, measurement and information. Consider all 

sources of bias in the study, whether effort has been taken to avoid them, 

otherwise, due allowance for them in analysis. 

 

4. External validity (generalizability) : results that is valid in one study population 

may not be in another.  

 assess study population eligibility criteria 

 assess sample characteristics : comparable to study population of interest, 

intended target population. 

 mechanistic generalisation : same pathological mechanism apply in other 

segment of population. (Davis CCT 1994) 

 absence of important interaction with intrinsic explanatory variable like age, sex 

etc(Cox JRSS A 1992). But there is a limit, see Thompson JCE 1994. 
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5.  Substantive considerations :  even if results seem valid by above considerations 

(measurement, statistical, internal and external), results must be interpreted in the 

context subject matter. 

 each study result is just one piece of a puzzle which when assembled will help 

either to confirm or refute a hypotheses. Are results consistent with other 

studies? 

 effect size is important for assessing quantitative or clinical importance. 

 do not over interpret effect: showing one link in a postulated chain of events 

does not mean that the whole chain is proved. Eg High BP associated with CV 

morbidity; doesn‟t mean reducing BP decrease risk of CV event. 

 biological plausibility : much of findings represent „black box‟ association, „stab 

in the dark‟. Need to consider biological mechanism or processes underpinning 

the association ( Charlton JCE 1996, Skrabanek 1994) 

 reductionist tradition of quantitative research and thus tendency to simplistic 

explanation cf qualitative research. (Chapman BMJ 1993) 

 

6.  Causality inference :  (Cox JRSS A 1992) 

     association between 2 events is not the same as cause and effect. Causality 

inference requires : 

 consistency : reproducible findings in independent studies. 

 monotone relation with dose 

 correspond to „natural‟ experiment (for observational study). 

 behaves appropriately when potential causes is applied, removed, and then 

reinstated. 

 biological plausible; consistent with subject matter knowledge or predicted by 

reasonably well established theory. 
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2. Writing report and preparing manuscript for publication : 
The object of publishing a scientific paper is you provide a report which contains 

sufficient information to enable readers to : 

 assess the observations you made 

 repeat the study if they wish 
 determine whether the conclusions drawn are justified by the data (see Data 

interpretation above). 
 

The goal of writing is simple and clear communication of information. 
Consider the following rules : 

1.  Follow the instruction or guidelines given in „Instructions to author‟ page which 

every journal publishes. Eg BMJ 1996;312:41. Journals often have their own house 

style, though most now followed the Vancouver style (International committee of 

medical journal editors. Uniform requirements for manuscript submitted to 

biomedical journals BMJ 1982;284:1766-80; 1991;302:338). 

2.  Follow the guidelines on how to write a report (medical writing) below. 

3.  Avoid redundant or overlapping publication: reporting the same study in 2 journals 

or splitting the same study into 2 or more parts. (Kassirer NEJM 1995) 

4.  Avoid hype, the temptation to overstate the case, exaggerating importance, 

suppressed biases etc. Better to come clean and reveal flaws, recognise limitation 

of work, add caveats where necessary. (Editorial Lancet 19##) 

5.  For RCT, specific guidelines available on reporting trial results. (CONSORT 

guideline,Bgg, Colin JAMA 1996) 
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How to write a report : guide to medical writing 

1.  Structure and content 

2.  Revision 

3.  Style 

 

1.  Structure and content : 

     The basic structure of a scientific paper has the following sections : 

 Introduction : what question was asked? 

 Methods : how was it studied? 

 Results : what was found? 

 Discussion : what do the findings mean? 

 + title, abstract, references. 

 

Introduction : what question was asked? 

 state clearly the research question, objective or hypotheses. 

 review briefly the relevant literature 

 justify the proposed research 

     

  Methods : how was it studied? 

 describe, and if necessary defend, the study design, study population selected,  

sampling design and measurement methods used. 

 for standard measurement method, just cite reference. Otherwise (new or 

modification of existing method), give complete details and assess validity and 

reliability. 

 cite references for statistical methods employed. 

 

  Results : what was found? 

 describe study sample first; typically Table 1 in research report summarises 

characteristics of sample studied. 

 give only overall description or summary of major findings (both positive and 

negative findings), avoid presenting every scrap of data. 

 present findings in logical sequence, proceed form simple descriptive to more 

complex analysis. 

 presentation of data using either figure (visual impact), table (large amount of info 

yet concise) or simple text summary. Avoid unnecessary repetition. 

 always include sample size (n=###) 

 do not comment on the findings in the result section, only present a clear 

description of findings. 

 

   Discussion : what do the findings mean? 

 interpretation : interpret results based on actual evidence of your data.  

 limitations : discuss limitations of study; especially biases, problems with 

methods. 

 disputation : how do your results fit in with the general literature on the subject? 

Explicitly refer to the literature (avoid preferential citing), compare findings and 

account for differences if any. 

 disquisition : discuss implications of your findings. You may speculate, state 

opinion. 
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 conclusion : produce a succinct and strong conclusion. Don‟t summarise (leave it 

to the abstract), use signal words (finally, in conclusion)return to beginning by 

answering the question posed in the Introduction, if unable to do so suggest 

further work. 

 

   References : 

 include only relevant ones 

 avoid preferential citing, it will be obvious to reviewer. 

 

   Abstract : 

 write this section last. 

 summarise all parts of articles, give important results and conclusions,  be 

specific and avoid statements like “ the findings are discussed”. 

 great care needed as abstract used for indexing, cross referencing and most 

readers only read abstract (and title). 

 

    Title : 

 be snappy, eye catching and accurate to entice readers. 

 

2.  Revision : 

 the first draft is always too long, trim to no more than 2500-3000 words. 

 put aside paper for 1 to 2 weeks, then revise. Often get a better picture of things. 

 get other people to revise the paper too, to detect ambiguity (not critical 

appraisal, this need to be sorted before paper even written). One cannot be 

objective with one‟s own writing. 

 Check order of presentation : any sections can be rearranged to improve logical 

flow of paper. 

 Check accuracy of figures, tables and results. 

 finally, check style and grammar. 

 

 

3.  Style : manner of expression in language 

     some elements of style (see Chp 15 How to write a paper, Thorne‟s medical 

writing). 

 keep it short : short word, phrase, sentence and article. 

 avoid figure of speech or idiom 

 use passive voice sparingly 

 avoid foreign, technical word or jargon 

 use abbreviations with acre, spell it out the first time it is used. 

 avoid tautology : saying the same thing in different words eg red in colour 

 avoid circumlocution : saying the same thing in a more complicated manner. 

 use verbs and nouns rather than adverbs and adjectives 

 preposition rather than string of nouns (noun salad) eg quality improvement 

programme  cf  programme to improve quality,  longer but easier to understand. 

 keep verb close to noun (avoid dangler) 

 

References : 

1.  Archibald C. A busy physician’s guide to medical writing. 

2.  Lock. Thorne’s better medical writing . Pittman’s medical 1977 
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3.  Hall (ed). How to write a paper. BMJ publication1994 

Appendix 

 

A. How to calculate sample size using POWER program? 

 

B. How to design data form (case report form)? 

 

C. How to obtain approval and funding for you research? 

 

D. Description of data files 

 

E. JTP/KKM 1-2 : Application form for obtaining approval for proposed 

research to be conducted within MOH 

 

F. Declaration of Helsinki: International guidelines for biomedical research 

involving human subjects. 
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Appendix A : How to calculate sample size using POWER program ? 
 

POWER is a public domain DOS based program for calculating sample size. Refer 

Dupont WD, Plummer WD, Power and sample size calculations : a review and a 

computer program. Controlled clinical trials 1990;11:116-128 for details.  

 

POWER program : overview 

It does not calculate sample size required for one sample problem. You don‟t need 

this for sample size planning in RCT.  

It does for the following situations : 

1.  Comparison of means for independent or dependent samples. 

2.  Comparison of proportions for independent or dependent samples. 

3.  Comparison of survival times for independent samples using the log rank test. 

4.  It handles other study designs like case-control study apart from cohort study/RCT.  

5.  It can also handle matched pair design like cross over trial. 

 

Given any two of the following parameters, POWER can calculate the third : 

1.  power 

2.  sample size 

3.  detectable difference. 

 

POWER program is not case sensitive, you can use either upper or lower case 

characters. 

 

Installing POWER program : 

simply copy the file a:\power.exe  to a sub-directory of your choice in your hard disk 

 

 

Starting, logging output and exiting POWER  : 

to start : cd\power <enter> 

               power <enter> 

 

After starting POWER, the program asks for the name of a log file to save the output 

of your session. If none is specified, the default name is “power.log”. This is an ASCII 

file, you can read it in DOS EDITOR or import it  into any word processor and print 

thereof. 

 

to exit anytime : type Ctrl-C, output however is not saved.  

to exit and save output : type Ctrl-Z <enter> enough times.  
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Notations and commands : 

General :  

ALPHA type I error probability, example 0.01 or 0.05. POWER always 

assume a two-sided test. 

POWER 

 

the desired power (1- type II error), example 0.8 or 0.9 

Comparison of means for independent or dependent samples. 

DELTA clinically worthwhile difference in means to detect 

 

S standard deviation of response measure in the population, 

assume the same in each group. 

M the number of controls per treatment subject (case). For equal 

sized groups M is equal to one 

N the number of subjects in the treatment group, ie the required 

sample size 

 

Comparison of proportions for independent or dependent samples. 

P0 the proportion of subjects in the control group having outcome 

event 

P1 the proportion of subjects in the treatment group (cases)  having 

outcome event 

R relative risk of events between control and treatment groups 

 

PSI odds ratio of exposure between control and treatment groups, for 

case control study design 

M number of controls per treatment subject (case) 

 

N number of cases, the required sample size 

 

Comparison of survival times for independent samples using the log rank test. 

M1 median survival time in control group 

 

M2 median survival time in treatment group 

 

R relative risk (hazard ratio), the risk of outcome  event in control 

group relative to treatment group. 

A accrual time, time period over which subjects are enrolled into 

trial from the first to last subject. 

F follow up time, follow up time from end of accrual period to 

termination of trial. 

N number of subjects per group, the required sample size 

 

Other commands :  

E to edit previously entered values  

 

R to obtain references 

 

? to get context sensitive help message 
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Appendix B : How to design data form (case report form)? 
Definition and uses of form 

Planning and designing the data form 

 
Data form or case report form : the record use for recording the data collected in a 

research though it has other uses. 

1.  as record for recording data collected 

2.  as integral part of the instrument : questionnaire, structured observation guide 
3.  as instruction sheet : instruction on questionnaire administration, performing 

observation or data abstraction;  instruction on data conversion into categories 
4.  as coding key or frame and as code sheet : data form is pre-coded , then as coding 

key or data form has space for post coding , then code sheet 

 
Planning and designing the data form : 

General considerations : 

1.  How many forms ? 

 consider multiple forms if data collected at different places, different sources 

(primary vs secondary), diff collectors, diff time, diff categories of patients . 

 

2.  Consider the different users and uses of the form : 
a.  The form filler : 

 subject himself : clear instruction, language and wording, etc 

 data collector : instruction on use, definition of terms or jargon used, 

judgmental conversion allowed only for expert data collector (eg clinician) 

 

b.  The cataloguer : the person who does something to the form after it is 

completed. 

 coding : preferably pre-coded, otherwise leave space for post coding,  

 data entry clerk : ease of data entry, consistency in use of code. 

 editing  

 

3. Always pre-test form and train user on use of form 

 

 
Form design : 

a.  Content and individual items in the from. 

b.  Form  construction : putting it all together. 

 

 

a.  Content and individual items in the from. 

 content : list all variables(each represented by one or more items)  required, its 

definition, data expression, complexity (simple or composite). 

 Refer to Annex of GCP guideline (see Appendix D) for a list of items 

required in data form for use in trial (case report form). 

 Each item : an item comprises a stem statement or question, instruction on how 

to complete response and the response format. 

 Stem : clear and unambiguous if necessary defined explicitly, wording or 

language preferably short, list better than prose,  use 2 separate questions rather 
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one complex conjunction, phrase such as to minimise amount of reading 

required, lower case easier to read. 

 Instruction : always include, use different typeface eg italic 

 Response : most critical part in determining ease of use of from. 

 avoid judgmental conversion of data. 

 for numeric response, record as is. 

 for verbal response : 

 simple conversion into categories if possible (structured response format).  

 simple ticking is easiest 

 tick (boxes) what apply rather than delete what doesn‟t 

 use vertical response format if space allowed 

 pre-code all close ended question and use consistent coding 

  in the sequence of response, list common ones first or present some 

gradation 

 list all possible responses or  allow for indefinite response (don‟t know) or 

contingency field (other,specify...) 

 response options may be mutually exclusive or multiple responses allowed 

 in wording response options use positive comparative term (eg better, bigger, 

more etc) 

 avoid reliance on small function word like preposition with critical effect on 

meaning (eg  reduction by less than 50% cf smaller, 50-99% of original size.) 

 for verbal data that cannot be categorised eg name, address, too many 

categories, subtle nuances or much details needed, then verbatim recording 

(free format) of raw expression , provide enough space, avoid character 

segmentation of space,  post code later. 

 

b.  Form  construction : putting it all together 

 
1. Overall layout : 

 

Title 

Preliminary : introduction , instruction 

Identification : name, adddress, socio demographic, ID# 

                      : centre, who record and when data recorded 

Body :   sections or parts and sub-sections 

          :   each item : stem, instruction and response format 

 

 

Ending 

 

2. Items  order : 

 proceed from general to particular or specific about a topic 

 within any topic, items should follow logical sequence. 

 items or topics sequence may follow temporal sequence of data availability, 

order of observation made, structure of records for data abstraction. 

 items  on the same topic grouped together 
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 items may also be grouped based on uniform response format, then allow use of 

single instruction, matrix response format (row item stem and column response 

option)  

 items grouped on who is the data collector 

 items grouped on data abstraction from common place in the record for 

abstraction 

 always number item (1,2,3...) and grouping of topic (section A, B, etc) 

 

3. Form structure : 

 Introduction : include research organisation, sponsor. 

 Instruction on completing form 

 Linking phrases between topics, to introduce topic, to break monotony. 

 Skips or branches (where succeeding items are not applicable): skip instruction 

must be placed immediately after answer that leads to the branch point; or avoid 

by including „not applicable‟ category in all items. 

 Allow space for comments  

 clear demarcation between sections/groups; use of line, box, white space 

 

 

4.  Form presentation : 

 Title , names of organisation 

 Numbering, print, layout, colour. 

 

 

 

References  : 

Wright and Haybittle.  Design of forms  BMJ 1979 
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Appendix C : How to apply for approval and funding for your 

research? 
(adapted from a talk given by Dr. Ho Tze Ming, Secretariat, Standing Committee for 

Medical Research, MOH) 

 

Essentially you apply for approval by sending the completed JTP/KKM/1-2 form (a 

specimen copy is attached) together with your research protocol, at least 3 months 

before commencement of proposed research project, to the Secretariat of the Standing 

Committee for Medical Research (SSCMR). The SSCMR then process your 

application, and you will be called to defend the scientific quality as well as ethical 

propriety of your research proposal. 

 

The SSCMR‟s function is to ensure that all applications to conduct research is 

processed according to established procedures. It is based at Institute for Medical 

Research (IMR) and is headed by Deputy Director general of Health (Research and 

Technical support) and served by various IMR officers. Its current secretary is Dr. Ho 

Tze Ming. If you have any queries, you ought to contact him at: 

 

C/o Division of Acarology 

Institute for Medical Research 

Tel: 03-4402428 

Fax: 03-2938306 

E-mail: hotm@imr.gov.my 

 

Your protocol will first be sent by SSCMR to a Research Review Committee.  This 

committee examines the justification and scientific quality of the proposed research; 

and may suggests how the technical design of the research may be improved. It is 

headed by Deputy Director General of Health (Research and Technical support). Other 

committee members are various specialists from the MOH. It meets 4 times a year to 

review all submitted research proposals. You will be called to defend the scientific 

quality of your research proposal to this committee. 

The person to contact for matter related to the Research Review Committee (eg when 

will I be called? no reply yet? Etc…) is the committee secretary who is: 

 

Ms. Ten Sew Keoh 

C/o Division of Haematology 

Institute for Medical Research 

Tel: 03-4402379 

Fax: 03-2938306 

E-mail: tensk@imr.gov.my 

 

On being approved by the Research Review Committee, and should there be ethical 

concerns, your research proposal is next sent to the Research Ethics Committee, also 

headed by the Deputy Director general of Health (Research and Technical support). 

Other members comprise of representative of Attorney General office, medical 

specialists, scientist, pharmacist, nurse, lab technologist, lay person and representative 

of Malaysian Medical Association. This committee examines the ethical propriety of 

mailto:hotm@imr.gov.my
mailto:tensk@imr.gov.my
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the research proposal and ensures compliance with internationally accepted guidelines 

for biomedical research involving human subjects (Declaration of Helsinki).  

The person to contact for matter related to the Research Ethics Committee (eg how 

come no approval yet, my trial cannot start? Etc…) is the committee secretary who is: 

Dr. Indra Vythilingam 

C/o Division of Medical Entomology 

Institute for Medical Research 

Tel: 03-4402456 

Fax: 03-2938306 

E-mail: indra@imr.gov.my 

 

The Research Review and Ethics committees are the 2 main bodies you will need to 

impress to get approval for your project. And you do need approval especially for 

RCT. Otherwise your research is unpublishable. 

 

Other committees and agencies may also be involved in processing and approving 

your research depending on its nature.  

 

1. The research you are likely to do will usually be funded internally. That is you will 

be using available resources in your department and hospital to do the work (and 

lots of your own money and free time too; selling your golf club membership 

might help. You won‟t be using it for a while). However, if you are ready for the 

big league, and your research project requires funding to the tune of several 

hundreds thousand to million of RM, you will need to secure funding for your 

project. The main source of public money to fund medical research is the 

Intensification of Research in Priority Areas (IRPA) programme (refer to the 

document, Bidang bidang Keutamaan R&D IRPA for details, available from 

Ministry of Science, Technology and Environment). For application forms and 

details of the approval process, refer to IMR home page at: http://imr.gov.my or 

contact SSCMR directly. 

 

2. If your research were to involve the use of animals, for example laboratory 

research, you will also need approval from the Animal use and care committee, 

which is also part of the SSCMR. The person to contact on this is : 

 

Dr. Fuzina Nor Hussein 

C/o Division of Laboratory Animal Resources 

Institute for Medical Research 

Tel: 03-4402334 

Fax: 03-2938306 

E-mail: fuzina@imr.gov.my 

 

 

3. If your research were to require the use of unregistered drug  (ie drug not in the 

“blue book)”, you will need to apply to Drug Control Authority (DCA) for 

clearance to import the drug for use in your research. The DCA is a separate 

agency, it is not part of  SSCMR. Almost certainly, the pharmaceutical company 

with whom you are likely to be collaborating on this kind of research will deal 

with this.  

mailto:indra@imr.gov.my
mailto:indra@imr.gov.my
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Appendix D: Description of Data Files   
This manual comes with a diskette containing 17 data set files in delimited ASCII format. The data set 

files are for all the examples and problems in the manual. All file names are followed by the extension 

.txt to identify it as ASCII text file. The data in a data set are arranged in columns that are separated by 

commas. Each column is a variable. String variables are enclosed in double quotes. Variable names are 

written in the first row.  

 

Description of each data set file: 

# File name #  obs  Variables Coding if any. 

1. sys_BP 100 id=ID #  

 : systolic BP  sbp =systolic BP  

   sbp_c= sbp categorised (see manual 

for category) 

 

     

2. severeMI 100 id=ID #  

 : severity of AMI  severe = severity of AMI 1=mild, 2=mod, 3=severe 

   one=1 for all obs  

     

3. surv_HD 2484 id=ID #  

 : survival on HD  Sex=gender 1=male, 2=female 

   diabetes=diabetic 1=yes, 0=no 

   d=death 1=yes, 0=no 

   t=duration of F/U since starting HD in 

years 

 

     

4. ht_wt  

: Height and weight of 

children 

2820 id=ID # 

ht=height 

wt=weight 

 

     

5. corr_HD 1252 id=ID #  

 : QL index, Hb and 

albumin correlation 

 qlindex=QL index score 

alb=sr albumin 

hb=haemoglobin 

 

     

6. outcomeICU 100 id=ID #  

 : outcome in ICU  age_c= age category 

 

gender=gender 

1<=74, 2=75-84, 3>=85 

1=male, 2=female 

   severity= severity score  

   severe_c= score category  

   Dead_01= death or alive 1=dead, 0-alive 

     

7. Csa_trial 100 id=ID #  

   CsA= on CsA treatment 1=yes, 0=no 

   Gr_fail= graft failure 1=yes, 0=no 

     

     

8. MRC_TB 107 id=ID #  

   Treat= Streptomycin treatment 1= yes, 0=no 

   Outcome= 6 ordinal categories; see 

text 

 

     

9. Cholesterol _trial 100 id=ID # 

treat=treatment  

 

1=yes, 0=no; placebo 

   Cho= sr cholesterol  

     

10. Ferr_hb 50 -id=ID #  

 - response of Hb to  -ferritin  
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DFO Rx comparing 

patients with low vs 

high sr ferritin 

-ferr_800= categorised at  800 cut-off 

-hb_base=baseline Hb 

-hb_post=post Rx Hb 

-hb_chg=baseline –post Hb 

1<800, 2>=800 

   -hb_pchg=percentage change in Hb 

from baseline 

 

     

11. potx_ACE 287 id=ID #  

 - post transplant (Tx) 

ACEI Rx 

 time= duration post Tx in months 

creat= sr creatinine 

 

   creat1=1/creat  

   ualb_rsp=proteinuric responder 1=responder, 0=not 

     

12. Liver_Test 344 id=ID #  

 - new test for liver 

disease 

 test= the new test 

diagnose=correct diagnosis 

1=positive, 0=negative 

1=positive, 0=negative 

     

13. UroTest_biopsy 224 id=ID #  

 - tPSA as screening 

test for prostate CA 

 tpsa 

tpsa_4= categorised at cut-off 4 

diagnose=correct diagnosis 

 

1>=4, 0<4 

1=positive, 0=negative 

     

14. Radiologist 100 id=ID #  

 - radiologists 

agreement in reading 

CXR 

 rad1= 1
st
 radiologist‟s reading 

rad2= 2
nd

 radiologist‟s reading 

1=abnormality present 

0=absent 

     

15. sbp_BlandAltman 249 id=ID #  

 - Hg vs Vasomat in 

Systolic BP 

measurement 

 msbp= Hg measure 

vsbp= Vasomat measure 

lmsbp= above log transformed 

lvsbp= above log transformed 

 

     

16. PostPartumAnalgesia- 

trial of Ponstan vs 

Indocid  

433 id=ID # 

Rx=treatment 

VAS6= VAS pain score at 6 hours 

post partum 

 

1=Ponstan, 2=Indocid 

0=least pain, 3=most pain 

     

17. Tx_reject 383 id=ID #  

 : post renal transplant 

rejection  

 Tx_type= type of transplant 1=commercial cadaver, 

2=live donor 

   Reject= rejection 1=yes, 0=no 

   t=duration of F/U since transplant in 

days 

 

     

 


