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WHAT IS A COHORT?

• Ancient Roman military 
unit, A band of warriors.  

• Persons banded 
together. 

• Group of persons with a 
common  statistical 
characteristic. [Latin]

• E.g. age, birth date, 



Study populations in cohort studies 

• A sample of the general population of a 
certain geographical area (e.g., the 
Framingham Study) 

• An occupational cohort 

• A group of people with certain characteristics 
(the cohort of homosexual men)

• By "convenience" samples (the Nurses Health 
Study cohort, the Health Professionals Study 
cohort )



Types of cohort studies 



Cohort study is undertaken to support the existence 
of association between suspected cause and disease

• A major limitation of cross-sectional surveys and 

case-control studies is difficulty in determining if 

exposure or risk factor preceded the disease or 

outcome.

• Cohort Study:

Key Point:

– Presence or absence of risk factor is 
determined before outcome occurs.



COHORT STUDY DESIGN
RATIONALE

• Cohort study designs evolved because of the need 
for information on the length of survival and the 
natural history of disease

• Clinical and public health interest



INDICATION OF A COHORT STUDY

• When there is good evidence of exposure and 
disease. 

• When exposure is rare but incidence of 
disease may be higher among exposed

• When follow-up is easy, cohort is stable

• When ample funds are available



Advantages 

and 

disadvantages



Cohort studies
Strengths

• We can find out  
incidence rate and risk

• More than one disease 
related to single 
exposure 

• can establish cause –
effect

• minimizes selection and 
information bias

Weaknesses

• losses to follow-up

• often requires large 
sample

• ineffective for rare 
diseases

• long time to complete

• expensive

• Complexity of data 
analysis



In prospective cohort studies conception, design, & 

enrollment occur before anyone develops the outcome.
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Incidence
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skin rash?

Start of Study

Exposed

Unexposed

An Ambi-directional Cohort Study

The “Ranch Hand” study looked at effects of Agent Orange
• 1,264 pilots who sprayed dioxin in Vietnam

• 1,264 pilots who flew only cargo missions in Vietnam



X
X

X

XCompare incidence

Identify a cohort retrospectively 

(e.g. tire manufacturing workers 

vs. desk employees. Look at what 

subsequently happened to them.

Enroll non-diseased subjects; 

collect baseline exposure data

Follow up at intervals to get 

accurate outcome data.

X
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Obese
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Exposed

Not

Exposed
• Efficient with long latent 
period from exposure to 
development of disease).

• Better information on exposures.

• Less vulnerable to bias because exposure 

status is determined before outcomes.



X
X

X

XCompare incidence

Identify a cohort retrospectively 

(e.g. tire manufacturing workers 

vs. desk employees. Look at what 

subsequently happened to them.

Enroll non-diseased subjects; 

collect baseline exposure data

Follow up at intervals to get 

accurate outcome data.

X
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X

XCompare incidence over time

Obese

Lean

Exposed

Not

Exposed

• Poor information on exposures 

& confounding factors.

• More vulnerable to bias.

• Expensive and time consuming.
• Inefficient for diseases with long latency.
• Loss to follow up can bias results.



Data Sources for Retrospective Cohort 
Studies

• Questionnaires

• Employee records

• Medical records 

However, accurate information on the main exposure and 

confounding factors is often missing because the data source 

was not designed for the purpose of conducting the study.

Retrospective cohort studies are useful for unusual 

exposures and they are efficient for diseases with long 

latent periods (time between exposure & disease).



Recipe: Cohort study

• Study populatiom:Identify group of 

– exposed subjects

– unexposed subjects

• Follow up for disease occurrence

• Measure incidence of disease

• Compare incidence between exposed and 
unexposed group 



• Design
– Goals
– The “cohort”
– Exposure assessment
– Outcome

• Ethical approval
• Set up
• Pilot
• Enrollment
• Follow-up and loss
• Biosamples
• Analysis 



Objectives

• Narrow

• Broad



Study Population

• Define Population at Risk using inclusion 
criteria

• Individuals with outcome of interest at time of 
screening and enrollment are not eligible for 
study

• Sub-clinical presentation of diseases may be 
present challenges in defining the cohort



Cohort Study Design
Types of Cohorts

• Fixed Cohort 

– A group of individuals recruited and enrolled at a uniform point 
in the natural history of a disease or by  some defining event

– Cohort does not take on new members after it is assembled

– Starting point - exposure defining event 

– Endpoint – occurrence of the disease, loss to follow-up, death

– The exposure is an event which occurs only once

– Examples

• Patients admitted to the ER with acute MI

• Survivors of Hiroshima bombings

• Children born to HIV-infected mothers



Cohort Study Design
Type of Cohorts

• Open or dynamic cohorts:

– A group of individuals recruited and enrolled 
through a mechanism that allows for in and 
out migration of people

– Subjects may enter or leave the study at any 
time  

– Defined by characteristic other than disease, 
e.g., geographic location, administrative unit

–Dynamic population



Cohort studies

• Fixed Cohort

Exposure

(+)

(-)

x

x

x

X = outcome



Cohort studies

•Dynamic

Exposure

(+)

(-)

Years

X
X

X

X

X = outcome



Cohorts

►General population cohorts: population 
groups offering special resources for follow-up 
or data linkage are chosen, and the individuals 
are subsequently allocated according to their 
exposure status

►Special exposure cohorts: Samples chosen on 
the basis of a particular exposure

Exposures may be a particular event, a 
permanent state or a reversible state



General population cohorts 
(groups offering special resources)

►Groups with readily available health records

►Certain professional categories

►Volunteer groups

►Geographically identified cohorts



Special exposure cohorts
(groups offering special resources) 

►Exposed to certain factor or event

►Occupational groups



Measuring Exposure

• Measuring exposure is one of the fundamental 
activities of a cohort study

• Exposure measurement must be comparable 
for all members of the cohort

• Carefully defined in advance of study

• Specific attention should be given to the 
accuracy and precision of proposed 
measurements



Determining the Exposure

• Valid means of determining exposure 
include:

a. Questionnaires (e.g., age, smoking history)

b. Laboratory tests (e.g., cholesterol, hemoglobin)

c. Physical measurements (e.g., blood pressure, 
height)

d. Special procedures (e.g., electrocardiogram, 

x-rays)

a. Medical records



Follow UP



Follow-up

• Completeness and non-participation

• All subjects must have an equal likelihood for 
detecting the outcome

• Disease ascertainment must be comparable 
between the exposed and unexposed subjects
– Number of visits
– Reasons for additional evaluations

• Follow-up mechanisms
– Active
– Passive



Follow-up

• Passive Surveillance
– Hospitals

– Disease Registries

– Clinics or physician offices

– Surveillance systems, e.g., National Death Index, CDC 
reportable conditions

• Active surveillance
– Systematic evaluations for outcome of interest

– Regular time intervals 

– In all study subjects



Maintain Follow Up

• Choose subjects who are motivated

• Choose subjects who are easy to track 
(professionals)

• Keep them interested: newsletters, 
incentives, part of the “family”

• Frequent phone calls

• Make questionnaires easy to fill out



Outcome Definition

• Primary outcome - the main event that will 
be related to the exposure 

• Disease occurrence

• Death

• Secondary outcomes - other events that are 
of interest and may corroborate the 
findings of the main outcome



Potential Biases

• Nonparticipation (selection bias)
– Selective participation of persons

• loss to follow-up
• Information bias

– The quality of information is different between exposed 
and unexposed subjects (retrospective cohorts)

• Detection bias 
– Subjects with exposure are more (or less) closely evaluated 

for outcome
– Blinding to exposure status



b+d
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ANALYSIS

• Calculation of incidence rates among exposed 
and non exposed groups

• Estimation of risk





Case study-1

• NIH-AARP Diet and Health Study
– Around 3,000,000 individuals from 6 states and 2 

metropolitan areas

– 500,000 returned the questionnaire by mail

– Questionnaire contained questions on diet, 
lifestyle, and weight and height

– 360,000 returned a second risk factor 
questionnaire (earlier age weight, waist, cooking 
practices)

– Passive follow-up (linkage to registry)



Lessons learnt

• Sample size

• Non-participation

• Repeated measurement

• Linkage to registries (death and cancer)

• Biological samples





Case study-2

• Agricultural Health Study

– About 90,000 pesticide applicators and their 
spouses from two states

– Detailed questions about pesticide exposure and 
other occupational exposures

– Additional take-home questionnaire (diet, weight 
and height, smoking etc.)

– Passive follow-up (linkage to registry)



Lessons learnt

• Occupational group





Case study-3

• Prostate, Lung, Colorectal and Ovary (PLCO) 
screening trial

– About 75,000 in screening arm and 75,000 in 
usual care arm from 10 centers in the US.

– Lifestyle questionnaire administered at baseline to 
both groups. Diet only for intervention arm.

– Dietary questionnaire later administered to 
control arm as well.

– Active follow-up



Lessons learnt

• Use of a trial as a cohort study

• Questionnaire similarity

• Active follow-up





Case study 4

• Originally: The Precision Medicine Initiative® 
(PMI) Cohort Program. Core principles:
– Participation is open to all.

– Participants reflect the diversity of the U.S.

– Participants are partners.

– Participants have access to their information.

– Data will be accessed broadly for research purposes.

– Security and privacy will be of highest importance.

– The program will be a catalyst for positive change in 
research.



Lessons (to be) learnt

• Diversity

• Change of participant role

• Modern era cohort:

– Websites, application

– Data collection



Relevant cohorts

Name Main site Organization Number Primary outcome

PERSIAN Cohort
Study

17 centers across 
the country

MOHME, DDRI 170,000 Cancer, Non-
communicable 
diseases

Golestan Cohort 
Study

Golestan DDRI 50,000 Cancer, CVD, others

Tehran Lipid & 
Glucose Study

Southern Tehran Endocrine Research 
Center

15,000 (+3500) Non-communicable 
diseases, CVD

Behvarz Health
Study

Tehran Tehran University 
Endocrine Res Ctr

33,000 (health 
workers)

Non-communicable 
diseases

STEPs (cross-
sectional)

National Tehran University 
Endocrine Res Ctr

31,000 NCD risk factors

CASPIAN Study Isfahan Isfahan University,
Tehran University

21,000 (phase 
1): 6-18 years 
old

Non-communicable 
diseases



Relevant cohorts-continued

Name Main site Organization Number Primary outcome

Pars Cohort Study Fars Province 
(Behesht)

Shiraz University and 
DDRI

10,000 Non-communicable 
diseases

Isfahan Cohort 
Study

Isfahan Isfahan CV Research 
Center

6500 CVD

Boushehr Elderly 
Health

Bousheshr
(South of Iran)

Boushehr University & 
Tehran Uni (ERC)

? (over 60) Ageing complications

Kerman Coronary 
Risk Factors

Kerman Kerman University 5900 CVD, mortality

Qazvin Metabolic 
Disease Cohort

Qazvin Qazvin University 1100 Non-communicable 
diseases

Health and Ageing 
Study

Amirkala
(North of Iran)

Babol University 1600 (above 
60)

Ageing complications



Golestan Cohort Study



Esophageal cancer incidence 



IPHR-IARC Studies of ESCC in Iran in the 1970s

• Cancer Registry (1968-1971)

• Northeastern Iran is one of the highest-risk populations 
for ESCC in the world

• At least as common in women as in men





*Gastric and Esophageal Malignancies In North of Iran

*



The Golestan Case-Control
Study

• Recruitment in 2003-2007

• 300 ESCC cases, recruited from referrals to Atrak Clinic

• Primary controls: 571 neighborhood controls, matched 
for residence, sex & age

• Secondary controls: 300 Clinic controls, matched for 
sex & age, same endoscopy as cases

• Lifestyle questionnaire

• Food frequency questionnaire

• Blood, hair and nails

• Cases and clinic controls: fixed & frozen biopsies 

from tumors + normal esophagus and stomach



Etiologic factors for ESCC vary

1AJE 2007; 2IJC 2005; 3BJC 2008; 

Risk Factor NIH-AARP 1

USA

NIT 2

China

GEMINI 3

Iran

Current smoking

Cigarettes

9.3 (4.0-21.3) 1.3 (1.2-1.5) 1.7 (1.1-2.7)

Hookah 1.9 (0.9-3.6)

>3 alcoholic 
drinks/day

4.9* (2.7-9.0)

Ever consume 
alcohol?

76% of cohort 23% of cohort 2% of controls

* Compared to subjects who drink >0 to 1 drink per day



Golestan Cohort Study

• Recruited in 2004-2008

• 50,045 adults, 40-75 yrs, 80% rural

• Participation rates: women 80%, men 65%

• Lifestyle questionnaire

• Food frequency questionnaire

• Blood, urine, hair and nails



*Discussing the study 

*Taking a consent 

*Recording participants’ general 
information



GP interview &PE



A nutritionist is interviewing  using  FFQ  
( a localized food portion sized album is used)  



Heath workers measuring height, weight, tea temperature 
& assessing Socio-economic    



Blood, urine, nail, and hair sampling







Tea Drinking Habits and ESCC Risk 
in the Golestan Case-Control Study

Exposure Cases (%) Control (%) Adjusted OR (95% CI)

Tea temperature

Warm or lukewarm 127 (43) 394 (69) Reference

Hot 108 (36) 155 (27) 2.07 (1.28-3.35)

Very hot 63 (21) 19 (  3) 8.16 (3.93-16.9)

Interval between pouring and drinking tea (min)

> 4 132 (44) 394 (69) Reference

2-3 112 (38) 138 (24) 2.49 (1.62-3.83)

< 2 54 (18) 35 (  6) 5.41 (2.63-11.1)

Islami et al, BMJ 2009



Tea Drinking Habits and ESCC Risk 
Agreement Between Questionnaire Responses and 

Measured Tea Temperatures in the Golestan Cohort Study

Measured Tea Temperature

< 65oC 65-69oC > 70oC

Tea temperature (questionnaire)

Warm or lukewarm 32,414 3749 467

Hot 5,385 4246 1757

Very hot 37 48 421

Weighted kappa = 0.49
Islami et al, BMJ 2009



Follow-up
• Annual follow-up (cancer, mortality and other events) 

ongoing

• >99% success rate over a median of 8 years (Lost-to-

follow-up = 407)

• 4,524 deaths till March 2015, most common causes:
o Cardiovascular 51%

o Cancer 24%

o External causes 6%

o Respiratory disease 5%

• A random subgroup of the original cohort (n=11,418): 

repeated risk factor assessment, sample collection and 

blood biochemistry tests every 5 years. 



Mortality by September 30th, 2015

IHD 1587؛ %32؛
CVA 801؛ %16؛

Other vascular ؛
81 %2؛

Respiratory 
Diseases 276؛ %5؛

Unknown 257؛ %5؛

Injuries 230؛ %5؛

Infections 130؛ %3؛

Cancer 1114؛ ؛
22%

Renal Diseases 116؛ ؛
2%Neurological 

Disorders 95؛ %2؛

Hepatobilliary 
Diseases 91؛ %2؛

Other Causes 76؛ %2؛
TB 56؛ %1؛

Diabetes 52؛ %1؛

Other GI 
Diseases 42؛ %1؛

Suicide 30؛ %1؛



Cancer Events by September 30th , 2015

Esophagus 272؛ ؛
17%Stomach 251؛ %16؛

Colorectal 106؛ %7؛

Breast 94؛ %6؛

Lung 92؛ %6؛

Brain 91؛ %6؛

Leukemia 77؛ %5؛

Pancreas 69؛ …؛

Liver 75؛ %5؛ Ovary 46؛ %3؛

Lymphoma 43؛ %3؛

Skin 41؛ %3؛

Bladder 37؛ %2؛

Hepatic Metastasis ؛
34 %2؛

Other 107؛ %7؛

Larynx ؛
30 %2؛

Prostate 31؛ %2؛

Uterus 25؛ %2؛

Kidney 20؛ %1؛

Cervix 18؛ %1؛

Thyroid؛
18 %1؛

NOS 30؛ %2؛

Other 279؛ %17؛



More collaborations

• Urinary biomarkers of PAH in collaboration 
with FDA and CDC

• Opium GWAS and metabolomic studies in 
collaboration with National Institute on Drug 
Abuse (NIDA)



Summary

1. GEMINI provides a good example of an expanding 
multi-institutional international collaboration

2. The case-control study has identified a number of 
plausible risk factors

3. The cohort infrastructure, samples availability 
(including in NCI and IARC) provides a great opportunity 
to replicate CCS findings and test new hypotheses

4. Interventional studies on early detection are being 
planned

5. PAH as an important hypothesis, and possible role in 
risk stratification



Thank You!



Results from the Golestan Case-Control Study

Exposure Comparison Adjusted OR 
(95% CI)

Reference

Family history ESCC in first degree 
relatives vs. not

3.6 (2.3-5.7) Akbari et al, IJC 2006

Cigarettes Current vs. never 1.7 (1.1-2.7) Nasrollahzadeh et al, BJC 2008

Opium Ever vs. never 2.0 (1.4-2.9) Nasrollahzadeh et al, BJC 2008

DMFT 32 vs. < 15 2.1 (1.20-3.7) Abnet et al, CEBP 2008

Formal Education Middle school vs. none 0.2 (0.06-0.65) Islami et al, IJE 2009 

Tea temperature Very hot vs. warm 8.2 (3.9-16.9) Islami et al, BMJ 2009

Childhood obesity Very obese at 15 vs. 
normal

3.2 (1.3-7.7) in 
women

Etemadi et al, Ann Oncol 2012

Reproductive 
history

≥ 3 miscarriages vs. 
none

4.4 (2.1-9.3) in 
women

Islami et al, EJCP 2013

Ruminant contact Ever vs. never 7.6 (3.9-14.9) Nasrollahzadeh et al, IJC 2015

Drinking water Unpiped vs. piped 4.3 (2.2-8.1) Golozar et al, EJCP 2016



Results from the Golestan Case-Control Study

Exposure Cases (%) Control (%) Adjusted OR (95% CI)

Cigarettes

Never 232 (78) 471 (83) Reference

Ever 67 (22) 99 (17) 1.47 (0.98-2.21)

Opium

Never 210 (70) 465 (81) Reference

Ever 90 (30) 106 (18) 2.00 (1.39-2.88)

DMFT

< 15 33 (12) 102 (18) Reference

23-26 31 (11) 69 (12) 1.62 (0.85-3.09)

32 129 (46) 222(40) 2.10 (1.19-3.70)

Formal Education

None 267 (89) 474 (83) Reference

Primary school 25 (  8) 64 (11) 0.52 (0.27-0.98)

> Middle school 8 (  3) 33 (  6) 0.20 (0.06-0.65)

Nasrollahzadeh et al, BJC 2008; Abnet et al, CEBP 2008; Islami et al, IJE 2009  



Results from the Golestan Case-Control Study

Exposure Comparison Adjsuted OR 
(95% CI)

Reference

Family history ESCC in first degree 
relatives vs. not

3.6 (2.3-5.7) Akbari et al, IJC 2006

Cigarettes Ever vs. never 1.47 (0.98-2.21) Nasrollahzadeh et al, 
BJC 2008

Opium Ever vs. never 2.00 (1.39-2.88) Nasrollahzadeh et al, 
BJC 2008

DMFT 32 vs. < 15 2.10 (1.19-3.70) Abnet et al, CEBP 
2008

Formal Education Middle school vs. none 0.20 (0.06-0.65) Islami et al, IJE 2009 

Tea temperature Very hot vs. warm 8.16 (3.9-16.9) Islami et al, BMJ 2009

Candidate genes ADH1B His/His vs. 
Arg/Arg

0.63 (?) Akbari et al, Canc Res 
2009

Childhood obesity Very obese at 15 vs. 
not

3.2 (1.3-7.7) in 
women

Etemadi et al, Ann 
Oncol 2012

Reproductive 
history

≥ 3 miscarriages vs. 
none

4.43 (2.11-9.33) 
in women

Islami et al, EJCP 
2013

Ruminant contact Ever vs. never 7.63 (3.9-14.9) Nasrollahzadeh et al, 



PAH Antibody Staining of Normal Esophageal Mucosa 
and ESCC Case Status in the Golestan Case-Control Study

8E11 Mab Staining Cases Controls Adjusted OR (95% CI)

First quintile 2 20 Reference

Second quintile 6 21 2.42 (0.39 – 14.8)

Third Quintile 14 21 5.77 (1.06 – 31.4)

Fourth Quintile 20 21 11.3 (2.16 – 59.6)

Fifth Quintile 49 20 26.6 (5.21 – 135)

• TMAs made from normal biopsies from 120 cases and 120 clinic controls

• IHC performed with Mab 8E11, which recognizes BPDE-DNA/RNA/protein 
adducts, free BPDE, & other PAHs 

• Staining intensity quantified x3 by image analysis and averaged

Abedi-Ardekani et al, Gut 2010


