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Inductive 
approach

HypothesisHypothesis

ObservationObservation

Deductive 
approach

การสรางสมมุติฐาน

การทดสอบสมมุติฐาน

อาชีพท่ีไดรับฝุนไมทําให
เปนมะเร็งหลังโพรงจมูก

คนท่ีเปนมะเร็งหลังโพรงจมูก
สวนใหญมีอาชีพท่ีไดรับฝุนไมการศึกษาเชิงพรรณนา

(Descriptive epidemiology)

การศึกษาเชิงวิเคราะห
(Analytic epidemiology)
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Causal Criteria
 Magnitude of effect ขนาดของความสัมพันธ
 Temporal relationship การเกิดสาเหตุกอนการเกิดโรค
 Consistency ความสอดคลองของการศึกษา

ใน ประชากรหลาย ๆ กลุม
 Dose-response relationship การเพิ่มขึ้นหรือลดลงของสาเหตุ

มี ผลกระทบตอการเกิดโรค
 Plausibility การอธิบายไดดวยหลักวิทยาศาสตร
 Reversibility การลดปจจัยสาเหตุ แลวทําใหการ

เกิด โรคลดลง
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Intervention study
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Effects of a home exercise programme on 
shoulder pain and functional status in 
construction workers.

Ludewig PM, Borstad JD. Occup Environ Med. 2003 Nov;60(11):841-9.

Construction worker volunteers were screened by history and 
clinical examination to test for inclusion/exclusion criteria 
consistent with shoulder pain and impingement syndrome. 

Sixty seven male symptomatic workers (mean age 49) were 
randomised into a treatment intervention group (n = 34) and a 
control group (n = 33); asymptomatic subjects (n = 25) 
participated as an additional control group. 

Subjects in the intervention group were instructed in a 
standardised eight week home exercise programme of five 
shoulder stretching and strengthening exercises. 

Subjects in the control groups received no intervention. Subjects 
returned after 8-12 weeks for follow up testing.
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RAMDOMIZATION

Eligibility criteria

TARGET POPULATION

STUDY  POPULATION

Unsuitable subjects

Informed consent
Refusals

Intervention group

SAMPLE   POPULATION

Control  group

Follow-up

OutcomeOutcome

Follow-up

Experimental Studies

Admissibility criteria

Comparison
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Improvements unrelated

to treatment
Outcome ascertainment

Key Concept
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Key Concepts
 Comparison (control group)

 Without control, historical control, before and after, parallel/concurrent; 

 Standard treatment vs. Placebo :  Hawthorne effect (attention bias)

 Knowing status, blinding/masking: placebo effect, John Henry effect (actively work harder to overcome the 
"disadvantage" of being in the control group.),

 Improvements unrelated to treatment
 Co-intervention, contamination, (compliance)

 Randomization
 1. Random sequence generation  2. allocation concealment 

 Admissibility criteria
 homogeneity, high risk group, generalisability 

 Outcome ascertainment
 measurement, measurement bias, main outcome, time, 

 Ethics
 1. autonomy (by informed consent) 2. beneficence, 3. justice 
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Bias in intervention study

Type Description Trial process

Selection 
bias.

Systematic differences between 
baseline characteristics of the 
groups that are compared.

Sequence generation;
Allocation concealment.

Performance 
bias.

Systematic differences between 
groups in the care that is provided, 
or in exposure to factors other than 
the interventions of interest.

Blinding of participants, 
personnel and outcome 
assessors;

Attrition bias. Systematic differences between 
groups in withdrawals from a study.

Incomplete outcome data;
Blinding of participants, 
personnel and outcome 
assessors.

Detection 
bias.

Systematic differences between 
groups in how outcomes are 
determined.

Blinding of participants, 
personnel and outcome 
assessors;

Reporting Systematic differences between Selective outcome reporting
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Strengths
 Randomisation ensures that on 

average known and unknown 
confounders are equally 
distributed between intervention 
and control groups

 Experimental, hence control over 
intervention, circumstances and 
subjects

 Can study multiple effects from 
single exposures

 Clear temporal relationship can 
be established

Weaknesses

 May be expensive, time-
consuming and logistically 
difficult (especially if prolonged 
follow-up)

 Generalisability from trial 
setting to everyday practice 
may be problematic

 Less useful for rare outcomes
 Loss to follow may affect 

validity of results
 Lack of blinding may introduce 

bias
 Ethical problems
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Cohort Study
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Occupational exposure to carcinogens and risk of lung 
cancer: results from The Netherlands cohort study.

A J van Loon, I J Kant, G M Swaen, R A Goldbohm, A M Kremer, and P A van den Brandt

METHODS: A prospective cohort study on diet, other lifestyle 
factors, job history, and cancer risk that started in 1986 in The 
Netherlands on 58,279 men, aged 55-69 years. 

Based on information about job history obtained from a self-
administered questionnaire, case by case expert assessment 
was carried out to assign to each study subject a cumulative 
probability of occupational exposure for each carcinogenic 
exposure. 

For analysis, a case-cohort approach was used, in which the 
person-years at risk were estimated from a randomly selected 
subcohort (n = 1688). After 4.3 years of follow up, 524 lung 
cancer cases with complete job history were available. 

(Occup Environ Med. 1997 November; 54(11): 817–824.)
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Cohort study

Sample
Non-participants

Non-exposedExposed

Lost to follow-up

Measure outcome Measure outcome

Self Selection

No outcome at 
the beginning of 
study
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Asbestos exposed 
worker

Office worker

Incidence rate of

lung cancer

Incidence rate of

lung cancer

Cohort study

Folllow up Folllow up
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Cohort study and Relative Risk

a

c+d

a+b

a+c

c

Nb+d

Y N

Y

N

Lung cancer

Smoking

Incidence exposed = a/(a+b)
Incidence not exposed = c/(c+d)
Relative Risk = [a / (a+b)] / [c / (c+d)]

b

d

Incidence exposed = a/person-time of a+b
Incidence not exposed = c/person-time c+d
Incidence rate ratio = Incidence exposed /Incidence not exposed
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Strengths and weaknesses of 
prospective cohort studies

Strengths

 Prospective studies minimise bias 
in exposure measurement and 
may allow multiple 
measurements, increasing 
precision

 Can study multiple effects from 
single exposures

 Clear temporal relationship can 
be established

 Good for rare exposures

Weaknesses

Expensive, time-consuming and 
logistically difficult (especially 
prospective studies in diseases 
with long latency)

Less useful for rare diseases

Loss to follow may affect validity of 
results
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Historical Cohort Study



Women born after 1945 who had graduated from vocational schools for 
hairdressers in Sweden during 1970–95. The hairdressing 
programme in Sweden comprises 3 years. 

Altogether, 7203 trained hair- dressers were identified. 

A questionnaire was mailed to them in December 1996. After two 
reminders, answers were obtained from 4061 (56%) hairdressers. 

Of these, 396 (10%) reported having never worked as hairdressers after 
their initial training, leaving 3665 for the analysis. 

Controls: A total of 7355 women, stratified by age and randomly selected 
from the Swedish population register, constituted a population- based 
control group referred to as ‘‘population controls’’. After two 
reminders, 5034 (68%) returned the questionnaire. Table 1 shows 
their age distribution.





Historical Cohort/ Retrospective 
Cohort
การศึกษาความสัมพันธระหวางระดับสถานภาพทางสังคมและเศรษฐกิจและการตาย

ใน ประชากรการไฟฟาฝายผลิต
การศึกษาคร้ังน้ีเปนการศึกษาแบบยอนหลัง
ประชากร พนักงานการไฟฟาฝายผลิตแหงประเทศไทย ท่ีเขารวมโครงการศึกษาปจจัย

เส่ียงของโรคหัวใจและหลอดเลือดในป พ.ศ. 2528 (6,631 คน) อาสาสมัครเขารวม
โครงการ 3,499 คน (low : 664, middle: 2492, high: 184) 

เก็บพ้ืนฐานปจจัยเส่ียงของหลอดเลือดหัวใจรวบรวมขอมูลโดยใชแบบสัมภาษณ, 
สอบถาม, ตรวจรางกายและตรวจทางหองปฏิบัติการเมื่อป 2528 

ติดตามการตายตั้งแต 2528-2543 มีจํานวนตายท้ังส้ิน 257 ราย (Low 75, middle 173 
and high 9) 



กลุม Low มีความเสี่ยงสาเหตุการตายสูงกวาไดแก
กลุมหัวใจและหลอดเลือด 14.3 เทา (HR=0.09, 95% 

CI=0.01-0.59) กวากลุม High, 
โรคมะเร็ง 2.18 เทา (HR=0.48, 95% CI=0.28-0.83) กวา

กลุม Middle, 
โรคตับและทางเดินอาหาร 2.85 เทา (HR=0.35, 95% 

CI=0.16-0.77) กวากลุม Middle 
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Case Control Studies

Strengths

 Relatively quick and 
inexpensive

 Can be used for rare 
diseases

 Can study multiple 
aetiological factors of 
single diseases

Weaknesses 

Less useful for rare exposures

Particularly prone to bias 
(especially selection and recall 
bias)

Cannot compute incidence rates 
(unless population based)



Case-Control Study



Design: Matched Case-control study

Subjects:

Cases: 327 new physician’s diagnosed 
nasopharyngeal cases that treated at National 
Cancer Institute and 6 regional cancer centers 
compared with 

Controls: 327 hospital visitors that matched for 
same gender and age difference not more 
than 5 years. 



Exposure measurement

Occupational histories of 
- all lifetime job titles, 

- type and size of work places, 

- work duration, 

- start and stop date, 

- duties and job descriptions, 

- detailed of machines, 

- tools and chemical substances used.



Exposure assessment of wood dust done by 3 
industrial hygienists read and assessed all 
subject’s occupational histories. 

Evaluations were done as group agreement 
results in three dimension, 
- confidence of exposure, 
- frequency of exposure and intensity of exposure. 



Association of wood dust exposure and NPC risk after 
adjusted for education, smoking status and sinusitis 
histories (OR 1.73, 95% CI 1.07 – 2.81).

Association found especially in subjects that definite 
- probability of exposure (OR 1.91, 95 % CI 1.19 – 2.81), 
- moderate frequency of exposure (OR 2.80, 95%CI 1.22 

– 6.39) 
- low intensity of exposure (OR 2.38, 95 % CI 1.14 –

4.96). 



“The Council recommends 
that cancer of the 
nasopharynx be 
prescribed for 
occupations involving 
the processing, 
manufacture or repair of 
wood or wooden goods, 
for a period of at least 10 
years in aggregate.”

July 2007 
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Lung cancer
[Case]

Without lung 
cancer

[Control]

History of exposure to 
asbestos

History of exposure to 
asbestos

Case-control study

Ask Ask
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Comparisons Study Designs
Randomized Trials Cohort Case-Control

Experimental Observational Observational

Randomly assign 
exposure

Select fixed number of 
exposed and non-exposed 
individuals

Select fixed number of 
cases and non-cases 
(efficient sampling design)

Can calculate RDs and 
RRs

Can calculate RDs and 
RRs

Can calculate only the OR 
as a form of RR

Convenient for studying 
multiple outcomes

Convenient for studying 
multiple  outcomes

Convenient for studying 
multiple exposures

Must be prospective Can be prospective or 
retrospective

Exposure measured 
retrospectively
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Case-control study study

Liver cancer No liver 
cancer

HBsAg+ 400
a.

100
b.

HBsAg- 200
c.

600
d.

Odd ratio     =                                    =                         =   400/100   

200/600   

400 x 600

100 x 200

Odd in smokers   

Odd in non-smokers

Odd ratio (OR) =  12 =
a/b

b/d
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Multiple Levels of Exposure

Smoking level Cases Controls

Chain smokers 123 64 OR5 = (123)(115)/(64)(8) = 27.6

Excessive smokers 186 98 OR4 = (186)(115)/(98)(8) = 27.3

Heavy smokers 213 274 OR3 = (213)(115)/(274)(8) = 11.2

Mod. heavy smokers 61 147 OR2 = (61)(115)/(147)(8) = 6.0

Light smokers 14 82 OR1 = (14)(115)/(82)(8) = 2.5

Non-smokers 8 115 reference group

Total 605 115
Notice increasing risk with increasing exposure:  dose-

response relationship (biological gradient)



Nested Case-Control Study



Nested Case–Control 
Study of Autoimmune 
Disease in an 
Asbestos-Exposed 
Population

Environ Health 
Perspect 114:1243–
1247 (2006)



Khon Kaen cohort study recruited  during 1990-2001. 
The analysis was performed as a nested case-control 

study design during March, 2008 to May 2010. 

Using Khon Kaen cancer registry to identify cancer 
cases. 

There were 245 cholangiocarcinoma, 61 cervix uteri, 10 
breast cancer, 22 colorectal cancer, 26 lung cancer, 
11 oral cancer and 8 stomach cancer, 297 all sites of 
cancers. 

Those who were free from cancer and still alive until 
November 2009 were selected as controls; 17,449 
(5,201 males, 12,248 females).
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Nested Case-Control Studies
Figure 3

Study PopulationTIME 1

YEARS

TIME 2
Develop
Disease

Do Not
Develop
Disease

CASES CONTROLS

CASE-CONTROL STUDY

Obtain 
interviews, 
bloods, 
urines, etc.
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A. Advantages of Nested Case-Control Studies

1. Possibility of recall bias is eliminated, since 
data on exposure are obtained before disease 
develops.

2. Exposure data are more likely to represent the 
pre-illness state since they are obtained years 
before clinical illness is diagnosed.

3. Costs are reduced compared to those of a 
prospective study, since laboratory tests need 
to be done only on specimens from subjects 
who are later chosen as cases or as controls.
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Cross-sectional study
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A three-year follow up study (1998-2001) of noise-
induced hearing loss and occupational noise exposure 
among workers in Songklanagarind Hospital
[Songkla Med J 2004;22(Suppl 2):351-361]

Material and methods: The study subjects included 108 workers 
from 3 departments in Songklanagarind Hospital (central 
supply, food supply and maintenance departments) from 
November 2001 to April 2002. 

A walk-through survey and noise level assessment using a sound 
level meter and noise dosimeter were carried out on a sample 
of 63 employees for 8-hr time weighted average (TWA) 
continuous noise and 35 employees for impulse noise. 

All employees who had undergone audiometric testing in 1998 
were interveiwed and given an audiogram by the hospital 
audiologist.
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Cross-sectional studies
 also called survey or prevalence study 
 Survey of group to identify prevalence of disease or exposure
 Exposure and disease status assessed at the same time
 Individual is unit of observation and analysis
 Typically descriptive in nature to quantify magnitude of the 

problem
 used to generate hypotheses



48

Cross-Sectional Survey Popularity

 Field surveys became popular in early and 
middle parts of 20th century 

 During later half of 20th century, 
epidemiologists became increasingly aware 
of the limitations of cross-sectional surveys 
and thus developed
 Cohort methods
 Case-control methods
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Assembly line: clothing and shoe industry, food industry

Repetitive workCarpal tunnel syndrome

Cross-sectional study

Carpal tunnel syndrome was associated with repetitive work, 
especially packaging.
It was more frequent among subjects who declared psychological and 
psychosomatic problems and those with a body mass index > or = 27. 
Dissatisfaction with work, lack of job control, short cycle time, and 
having to press repeatedly with the hand were associated with the 
syndrome. 
An odds ratio (OR) of 2.24 was found for "just in time" production. 
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1120180

68020

เปน ไมเปน

โรคหัวใจ

สูบ

ไมสูบการสูบบุหร่ี

700

1300

2000

รวม

200 1800

Prevalence  ของ โรคหัวใจ      =
Prevalence  ของ การสูบบุหร่ี  =

รวม

200/2,000
700/2,000

= 0.10
= 0.35
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1120180

68020

เปน ไมเปน

โรคหัวใจ

สูบ

ไมสูบการสูบบุหร่ี
700

-

2000

รวม

1300

200 1800

สัดสวนของการสูบบุหรี่ ในคนท่ีคนเปนโรคหัวใจ =
สัดสวนของการสูบบุหรีใ่นคนทีไมเปนโรคหัวใจ   =

รวม

680/1800   = 38%
20/200       = 10%
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Strengths
 Magnitude of 

problems
 May generate new 

etiologic hypotheses

Weaknesses
No cause-effect
No temporality
Prevalent cases are 

survivors

Cross sectional studies



Ecological Study











58

Types of ecological study

 Time trends

 Ecological (or Correlation or Geographical studies)

 Migrant studies



59

Rationale

 Measurements of individual-level data not available
 Interest is in effect of population-based health 

prevention measures
 Quick investigation of rare disease/exposure
 Quick, easy and inexpensive to perform using 

routinely collected and publised statistics.

Ecological studies
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Ecological studies

DEFINITION:  An ecological study is an epidemiological 
investigation in which the units of observation are groups 
(or populations) rather than individuals.

Measurements of disease in ecological studies:

• Prevalence
• Incidence
• Mortality
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Time trend

Incidence rate of breast cancer in US
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Time trends

• Trends over time can give clues to aetiology

• Can sometimes be linked to trends in exposure

• Need to consider changing definitions over 
time
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Incidence rates of breast cancer

0

10

20

30

40

50

60

70

80

Chinese Japanese

In
ci

de
nc

e 
ra

te
 /1

00
00

0 In Countries
of original

In the US

Migrantion study

In the US

In the countries 
of origin



64

Migrant studies

 Migrants give information on whether the disease is 
caused by environmental or genetic (or early life) 
factors.  

 Limitation: 
 Different disease registration systems 
 Those who move can, however, be very different from 

the type of people who stay
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Ecological study
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DESIGN--An ecological correlation study of the incidence of lung 
cancer in men and past asbestos exposure. The unit of analysis was 
the postcode sector. Correction was made for past cigarette smoking, 
air pollution, and deprivation. 

SETTING--The region covered by the west of Scotland cancer registry, 
containing 2.72 million people and including Glasgow and the lower 
reaches of the River Clyde, where shipbuilding was once a major 
industry. 

SUBJECTS--All men diagnosed with lung cancer between 1975 and 
1984 whose residence at the time of registration was within the west 
of Scotland. 

MAIN OUTCOME MEASURE--The population attributable risk for 
asbestos related lung cancer.



68



69

ในประเทศญ่ีปุน มีการรายงานวาขนาดของรองเทา (shoe size) เด็ก
นักเรียนมีความสัมพันธกับ คะแนนของการทดสอบความสามารถทาง
คณิตศาสตร (Maths Score)
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Confounding
Elevation and Cholera Mortality (Farr, 1852)
William Farr used the ecological data in the data below to support 

the miasma theory and refute contagion
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Strengths and Weaknesses

Strengths
 Simple and cheap
 Often use routinely available 

information
 Good first step - hypothesis 

generating
 Assess effect of exposures 

on outcomes at the 
population rather than 
individual level

Weaknesses

Ecological fallacy - averaging of 
exposure and outcome information 
at population level -> cannot link 
exposure and disease in 
individuals

Lack of information on confounders

Limitations of routine data sources –
possible inaccuracy and biased 
comparisons

May miss sub-groups effects



72

Case-series
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Case Report
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Case report and case series

ขอดี
 คนพบโรคใหม ๆ
 เปนพื้นฐานในการสรางสมมุติฐานเกี่ยวกับปจจัยเสี่ยง

ขอดอย
 Case report มาจาก ผูปวยรายเดียวการนําผลไปใชกับผูปวยรายอื่นอาจ

ใชไมได  เชน ผลของการรักษาดวยสมุนไพร
 Case series แมมาจากผูปวยหลายรายแตแตยังไมไดพิสูจนสมมุติฐาน

ของสาเหตุ
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Systematic Review
Meta-analysis
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Examples of Meta-analysis
Select this article  Review  Professional drivers and lung cancer: a systematic review 

and meta-analysis   Chi Tak Tsoi, Lap Ah Tse Occup Environ Med 2012;69:11 831-836 

Select this article  Review  Exposure to pesticides and risk of childhood cancer: a 
meta-analysis of recent epidemiological studies  Florence Vinson, Maysaloun Merhi, 
Isabelle Baldi, Hélène Raynal, Laurence Gamet-Payrastre Occup Environ Med 2011;68:9 
694-702 

Select this article  Review  Environmental tobacco smoke and the risk of pancreatic 
cancer among non-smokers: a meta-analysis  Jiachen Zhou, Gregory A Wellenius, 
Dominique S Michaud Occup Environ Med oemed-2012-100844 

Select this article  Original article  The relationship between job satisfaction and health: 
a meta-analysis  E B Faragher, M Cass, C L Cooper Occup Environ Med 2005;62:2 105-
112 

Select this article  Original article  Occupation related pesticide exposure and cancer of 
the prostate: a meta-analysis  G Van Maele-Fabry, J L Willems Occup Environ Med
2003;60:9 634-642 



Forrest plot of the Hunter-Schmidt corrected meta-analysis.

Faragher E B et al. Occup Environ Med 2005;62:105-
112
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Systematic review and meta-
analysis
 Systematic review – aims to identify, evaluate 

and interpret all the relevant available 
research evidence for a particular question.

 Meta-analysis – process of using statistical 
methods to combine quantitatively the results 
of different studies 
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Elements of a study protocol for a systematic 
review and meta-analysis

Objectives
Background
Information retrieval
Data collection
Data analysis

1. Create summary data
2. Examine heterogeneity
3. Examine publication bias
4. Consider conducting subgroup analysis 

(according to a priori hypotheses)
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Funnel plot to detect publication bias

Egger et al. Systematic reviews in health care. London: BMJ books, 2001.
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Hierarchy of study design

 Systematic reviews and meta-analysis
 Randomised controlled trial
 Non-randomised trial

 Controlled trial
 natural experiment
 before and after study etc

 Cohort study
 Case control study
 Cross sectional study
 Ecological study
 Case series
 Case study/report

Experimental

Observational

Analytical

Descriptive


