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Austin Bradford Hill was one of the greats 

in the fields of epidemiology and medical 

statistics.1 In the mid-20th century, with 

another great, Richard Doll, Bradford Hill 

initiated epidemiological studies that were 

to be highly influential in revealing the 

causal link between cigarette smoking and 

lung cancer.2,3 However, this link was not 

accepted  without a battle, and opponents 

of a direct cause-and-effect interpretation 

of the epidemiological association included 

such notables as the eminent statistician 

Ronald Fisher.4 The debate spurred Brad-

ford Hill to consider in some depth how the 

findings of epidemiological studies should 

be interpreted, and this led to the publica-

tion in 1965 in Proceedings of the Royal 

Society of Medicine of his seminal paper on 

association and causation.5 To mark the 

50th anniversary of the publication of this 

landmark paper, it is reproduced in this 

issue of Journal of the Royal Society of 

Medicine.  

   Bradford Hill’s 1965 paper is a remarkable 

one that is full of insights. It proposes nine 

guidelines (often erroneously referred to as 

‘criteria’, which Bradford Hill made clear 

they were not) against which a statistical 

association found in an epidemiological 

study may be judged as to whether a causal 

interpretation is reasonable or not. The 

most important of these guidelines are 

‘strength’ (a strong association is more 

likely to be causal than a weak one), 

‘consistency’ (an association is observed in 

different studies, under different circum-

stances, times and places), ‘biological gradi-

ent’ (i.e. dose response – the effect should 

tend to be greater with a higher level of 

exposure) and ‘temporality’ (the effect 

follows the potential cause after an appro-

priate interval). Another guideline, 

‘biological plausibility’, increases in im-

portance as fundamental knowledge of 

disease etiology accumulates, but such 

knowledge is clearly not complete, which 

should introduce a note of caution in plac-

ing too much emphasis on this guideline; 

nonetheless, the direct causal interpreta-

tion of certain statistical associations would 

stretch credibility given what is known to-

day.  

   What is it about epidemiology that de-

mands a detailed examination of the inter-

pretation of its findings such as that con-

ducted by Bradford Hill? With the exception 

of a few studies that are able to ‘piggyback’ 

on clinical trials, epidemiology is an obser-

vational (i.e. non-experimental) science.5-8 

This is in contrast to randomized controlled 

clinical trials, which are experimental set-

ups: study subjects are randomized be-

tween treatment groups by the investiga-

tors so that any background individual 

differences that might affect the outcome 

of the trial, even if unknown, are ‘evened 

out’ between the groups.7 Randomization 

between treatment groups is a fundamen-

tal concept in clinical trials that Bradford 

Hill was key in establishing as a necessary 

requirement in study design.1,9 In observa-

tional epidemiology, randomization of 

study subjects between groups (say, differ-

ent levels of exposure to tobacco smoke) is 

not possible because studies in which peo-

ple are deliberately exposed to potentially 

harmful substances without a realistic pro-

spect of personal benefit are unethical. As a 

consequence, epidemiology must rely on 

data generated under the unconstrained 

conditions of everyday life, with no inter-

vention on the part of the investigators, 

and this greatly complicates the interpreta-

tion of epidemiological findings.7,8 
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   In clinical trials, essentially all that needs to 

be considered (assuming the study has been 

correctly designed, conducted and analyzed) 

in judging causality is whether chance is a 

reasonable alternative explanation for the 

findings, i.e. how statistically significant are 

the results. In epidemiology, not only must 

statistical fluctuations be taken into account 

but also the potential presence of systematic 

errors (of primary concern is the existence of 

bias in study data, but other errors are possi-

ble) and confounding (when a factor consid-

ered in a study is associated with another 

factor that influences the outcome, produc-

ing a distorted, potentially misleading, re-

sult).8 

   Biases can be introduced into a study in 

many subtle (and not so subtle) ways. In case

–control studies, for example, control selec-

tion bias is a notorious problem – controls 

differ from cases in ways that affect the re-

sults relating to the factor(s) under study.10 

Confounding as a credible explanation is 

always difficult (if not impossible) to entirely 

eliminate because even when potentially 

important confounding factors (such as 

smoking) are recognized and adjustment for 

their presence attempted, there remains the 

spectre of unknown extraneous influences 

lurking in the background. Thus, it is most 

unusual for an epidemiological study to gen-

erate findings that, in their own right, can be 

considered as unequivocally demonstrating a 

cause-and-effect relationship. An inherent 

mistrust of non-experimental studies is likely 

to have been a material reason underlying 

Ronald Fisher’s questioning (initially, at least) 

of a direct causal interpretation of the associ-

ation between cigarette smoking and lung 

cancer.4 

   Bradford Hill urges epidemiologists to care-

fully question the available evidence as to 

whether a causal interpretation of an associ-

ation is reasonable or whether an alternative 

explanation is not just possible but perhaps 

probable. He summarizes the situation thus:5 

 “None of my nine viewpoints can 

bring indisputable evidence for or against the 

cause-and-effect hypothesis and none can be 

required as a sine qua non. What they can 

do, with greater or less strength, is to help us 

to make up our minds on the fundamental 

question – is there any other way of explain-

ing the set of facts before us, is there any 

other answer equally, or more, likely than 

cause and effect? No formal tests of signifi-

cance can answer those questions. Such tests 

can, and should, remind us of the effects that 

the play of chance can create, and they will 

instruct us in the likely magnitude of those 

effects. Beyond that they contribute nothing 

to the ‘proof’ of our hypothesis.” 

What Bradford Hill produced was a frame-

work for a structured approach to the inter-

pretation of epidemiological findings. Note 

what he says of the role of statistical signifi-

cance: highly significant results tell us that 

chance is unlikely to have produced the asso-

ciation (at least, not on its own) but that is 

far from demonstrating a cause-and-effect 

relationship. Indeed, an extremely significant 

result may indicate a causal link but could 

well have been generated by bias(es) in the 

study data (or another source of systematic 

error) and should act as a spur to examine 

the possibility of alternative explanations 

more intensely. It is quite understandable 

that epidemiologists want to find something 

important about disease causation and pub-

lic or occupational health, but there is an 

obligation to try to stand back from a study 

and attempt to make an impartial assess-

ment of the potential impact of bias and 

confounding on its results. This is not easy, 

since it is most unusual for observational 

data to be free of any source of bias – it is a 

question of whether investigators can dispas-

sionately judge the degree of influence that 

might be attributed to bias; but in the end, 

this may be best left to independent review. 

   Half a century after the publication of Brad-

ford Hill’s detailed examination of epidemio-

logical association and causation, his paper is 

still of substantial relevance today, possibly 

more so given the number of epidemiological 

studies that are now undertaken. Observa-

tional epidemiology has made major contri-

butions to the establishment of causal links 

between exposures and disease and plays a 

crucial role in, for example, the evaluation of 

the International Agency for Research on 

Cancer of the carcinogenicity of a wide range 

of human exposures;11 but the ‘positive’ 

findings of epidemiological studies have 

often proved to be controversial and transi-

tory, leading to skepticism, if not cynicism.12 

Perhaps Bradford Hill’s paper should be re-

quired reading, not just by epidemiologists 

but more generally by the medical profes-

sion, and beyond? 
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Nursing Colloquium 2016 

In conjunction with the 

International Nurse’s day, 

the Sabah nursing Associa-

tion with the collaboration 

of Sabah Health Depart-

ment and Clinical Re-

search Centre(CRC), Sabah 

organized the 2nd Sabah 

State Nursing Colloquium 

with the theme “ A Force 

For Change : Improving 

Health System’s Resilience 

on 19th-20th May 2016. 

   The plenary lectures were 

given by Dr Soon Ruey on  

‘Challenges in Midwifery from 

a Medico Legal Perspective’  

and by Dr Liew Houng Bang on 

‘ Nursing broken hearts. The 

way forward 2020’ . 

   The highlight of the colloqui-

um was the sketch by the nurs-

es about Florence Nightingale 

followed by the nursing parade 

by the Nursing Unit of Queen 

Elizabeth Hospital II on the 

nursing attire from the  18th 

Century to 21st Century. 

Total of 12 abstracts were pre-

sented in this colloquium. 

Research Title : The effect of Asthma 

Education Programme to Patient’s 

knowledge, medication adherence and 

inhaler technique. 
Research Title :  Impact Of Tai Chi Exer-

cise To Midlife Depression In Women.  

Research Title :  Survey of Work Related 

Symptoms (WRS) Among Gastroentestinal 

Endoscopy Assistants Related To Succindial-

dehyde (SA) Exposure . 

Sn Lilyiana 

Pengui 
Mdm 

Jauline Binti 

Geusie  

Sn Ammar 

Rafidah 
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The first sample size 

calculation workshop 

in Sabah was conduct-

ed from 15– 17th April 

in University Malaysia 

Sabah(UMS) by the 

CRC QEH. 

 

Associate Professor 
Lin Naing @ Ayub 
from PAPRSB Institute 
of Health Sciences,  
Universiti Brunei Da-

russalam was invited 

as a speaker for this 

course. 

 

Total of  32 partici-

pants participated in 

this course. 

Sample Size Calculation Workshop 

Intermediate to Advanced Biostatistics Workshop 

CRC QEH invited once 
again Associate Professor 
Lin Naing @ Ayub from 
PAPRSB Institute of 
Health Sciences,  
Universiti Brunei Darus-

salam  to conduct the In-

termediate to Advanced 

Biostatistics Workshop in 

UMS from 29th May to 

1st June 2016. 

“If at first you 

don’t succeed, 

search, search 

again. That is why 

we call it re-

search. 
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A Good Clinical Practice (GCP) 

Workshop was conducted by the 

CRC Hospital Wanita dan Kanak 

Kanak on the 18th-20th May 

2016. 

Various speakers from the Medi-

cal Research Ethic Committee

(MREC), National Pharmaceutical 

Regulatory Agency(NPRB) and 

CRC Sabah partook in this work-

shop. 

CRC QEH II organized the 

Basic Research Methodology 

Workshop in QEH II from 23rd

-24th April 2016. 

Good Clinical Practice(GCP) Workshop 

Basic Research Methodology Workshop 

SPSS workshop  

SPSS Workshop was conduct-

ed by the CRC QEH II on the  

18th June 2016. 
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Introduction to Clinical Research 

(ICR) 

CRC QEH II organized anoth-

er ICR workshop  from 2nd 

—3rd April 2016 due to the 

overwhelming registration 

during the 1st ICR that was 

conducted in HWKKS.  
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CLINICAL RESEARCH CENTRE  

HOSPITAL QUEEN ELIZABETH  

Karung Berkunci No 2029  

88 586 Kota Kinabalu, Sabah  

Tel: 088 - 517 507  

Fax: 088 - 211 906  

 

CLINICAL RESEARCH CENTRE  

HOSPITAL QUEEN ELIZABETH II  

Lorong Bersatu, Off Jalan Damai,  

Luyang 88 300  

Kota Kinabalu, Sabah  

Tel: 088 - 324 600 (ext: 

2019/2058)  

Fax: 088 - 272454  

 

CLINICAL RESEARCH CENTRE  

HOSPITAL WANITA & KANAK-

KANAK  

Karung Berkunci No 187,  

88 996 Kota Kinabalu, Sabah  

Tel: 088 - 522 600  

Fax: 088 - 435 734  

 

CLINICAL RESEARCH CENTRE  

HOSPITAL DUCHESS OF KENT  

Sandakan KM 3.2, Jalan Utara  

90 000 Sandakan, Sabah  

Tel: 089 - 212 111 (ext 5122)  

 

Upcoming 4th Sabah Research Day 2016 Contact us 

W E  ARE  ON  THE  WEB !  

h q e . m o h . g o v . m y / e c r c  


