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Descriptive

Study Designs
Case report / case series
Ecologic
Cross-sectional
Case-control
Cohort
Clinical Trial

Analytic

Experimental

Observational



 Independent Variable (X)
   Predictor
   Risk factor
   Preventive factor
   Exposure – E

  Dependent Variable (Y)
   Incidence, prevalence
   Outcome – D



Past       Present    Future

Case-Control

Retrospective 
Cohort

Prospective 
Cohort

D (Cases)
E

No D (Controls)
No E

E

E
D

D

E
D

D

No D

No D

No E

No E

No E

No D

No D



+
• Relatively quick and inexpensive
• Good for rare outcomes

–
• Selection bias – e.g., selection of control group
• Information bias – e.g., recall bias
• Not good for rare exposures
• Can only study one outcome
• Cannot directly compute incidence rates

Case-Control



+
• Estimate incidence so can compute relative risk, etc
• Good for rare exposures
• Temporality
• Minimize information, selection bias
• Examine multiple outcomes

–
• Expensive, time-consuming - prospective
• Not good for rare outcomes
• Retrospective – need good records for exposure 

and potential confounders

Cohort



D No D
E a b a+b

No E c d c+d

RR = 

a
a+bprobability of D in E

probability of D in no E
= c

c+d

Silica
Exposure 

Silicosis No

High 51 5269 5320

Low 4 1728 1732

RR = 
probability of D in E
probability of D in no E

= 

51
5320
4

1732

= 4.15 

RR          
• Risk ratio
• Rate ratio
• Relative risk

HR          
• Hazard ratio



= start of follow-up
= develop disease

Incidence Proportion  =

Jan July Jan July Jan July Jan July Jan July Jan Total time
2017 2017 2018 2018 2019 2019 2020 2020 2021 2021 2022 at risk

Subject A 2.0

Subject B 3.0

Subject C 5.0

Subject D 4.0

Subject E 2.5

  2 new cases = 0.4
                                              5 at risk

            = 40 per 100 per 5 years = 8 per 100 per 1 year

Incidence Rate            = 2 new cases  = 0.121 yr-1 
                                   16.5 py at risk

                                = 12.1 per 100 person-years



D No D
E a b a+b

No E c d c+d

Silica
Exposure 

Silicosis No

High 51 5269 5320

Low 4 1728 1732

OR = 
odds of D in E
odds of D in no E

= 

51
5269
4

1728

= 4.18 

OR          
• Odds ratio

OR = 
odds of D in E
odds of D in no E = 

a/(a+b)
  b/(a+b)
c/(c+d)

  d/(c+d)

= ad
  bc

a
  b
c

  d
= 

= 51 x 1728
  5269 x 4



D No D
E a b a+b

No E c d c+d

RR = 

a
a+bprobability of D in E

probability of D in no E
= c

c+d

OR = 
odds of D in E
odds of D in no E = 

a/(a+b)
  b/(a+b)
c/(c+d)

  d/(c+d)
= ad

  bc

If rare D: ≈ so OR ≈ RR 

a
  b
c

  d

a
a+b

c
c+d

a
  b
c

  d

= 

RR = 4.15
OR = 4.18



Cases Controls

E a b a+b

No E c d c+d

OR = 
odds of E in D
odds of E in no D

= 

a/(a+c)
  c/(a+c)
b/(b+d)

  d/(b+d)
= ad

  bc

a
  c
b

  d
= 

OR = 
odds of D in E
odds of D in no E

= ad
  bc

a
  b
c

  d
= 

a+c b+d

Case Control Study: OR =
Odds of E in cases relative to odds of E in controls
Odds in D in exposed relative to odds of D in unexposed
≈ Risk of D in exposed relative to risk of D in unexposed



Odds Ratio in a Case-Control Study:
Example: OR = 4.18

• Odds of exposure in cases 4.18 times 
higher than odds of exposure in controls

• Odds of disease in exposed 4.18 times 
higher than odds of disease in unexposed

• Risk of disease in exposed 4.18 times 
higher than risk of disease in unexposed



Silica
Exposure 

Silicosis No

High 51 122

Low 4 40

55 162

OR = 
odds of E in D
odds of E in no D

= 51 x 40
  122 x 4

Silica
Exposure 

OR = 
odds of D in E
odds of D in no E

= 4.18= 51 x 1728
  5269 x 4

Silicosis No

High 51 5269 5320

Low 4 1728 1732

= 4.18



For each case and control in nested case-control 
study, lifetime work history determined using:

• Surveillance data from VT Department of 
Health Division of Industrial Hygiene

• Self-reported work histories from a 
pulmonary function study

• Pension records

• Autopsy reports

• Death certificates

• Obituaries





Silica
Exposure 

Silicosis No

High 51 122

Low 4 40

55 162

OR = 
odds of E in D
odds of E in no D

= 51 x 40
  122 x 4

Silica
Exposure 

OR = 
odds of D in E
odds of D in no E

= 4.18  p = 0.003
 95% CI 1.51-11.59

= 51 x 1728
  5269 x 4

Silicosis No

High 51 5269 5320

Low 4 1728 1732

= 4.18  p = 0.006
 95% CI 1.42-12.29



+ Nested Case-Control

•Good if assessing E or other variable that 
is expensive, complicated, invasive, etc.

•E measured before D, so
•  no differential bias
•  temporality

•Controls from same population as cases 
so↓ selection bias

•Efficient
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