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Overview
• The problem of finding proper controls
• The fundamental idea of N‐of‐1 studies

• case‐crossover studies
• Self‐controlled case series studies

• Some guidance on choosing them and which one
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The problem of finding an exchangeable reference 
group ‐ example
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The problem of finding an exchangeable reference 
group ‐ example
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The problem of finding an exchangeable reference 
group ‐ example

• Conclusion: Healthy User Bias in observational study 
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The basic idea of Case‐crossover studies – an 
example
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The basic idea of Case‐crossover studies – an 
example
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Computing the estimate

Exercise: Fill in table based on previous figure
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Traffic accidents and cellular phone use
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Traffic accidents and cellular phone use
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Conditions and limitations for using a Case‐
crossover study
• Transient exposure
• Short‐term effect
• No within person time‐varying confounding
• When event precludes further exposure:

• No calendar time‐trend in exposure risk
• Can potentially be handled by using a Case‐time‐
control study, see
https://doi.org/10.1097/00001648‐199505000‐00010

https://doi.org/10.1002/(SICI)1099‐1557(199710)6:3+%3CS51::AID‐
PDS301%3E3.0.CO;2‐S
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What if….

• We only have people who have the event, but we don’t 
know the exact denominator

• Hospital data
• Long‐haul flights and thromboembolism (VTE)

• There is a substantial difference between exposed and 
unexposed individuals

• Ethnicity
• Deprivation
• Indication bias (severe asthma and influenza vaccine)

(The following slides on SCCS are borrowed from Irene Petersen, UCL, with permission)



Self‐controlled case series may be the
answer?

• Case series analysis – only cases are sampled

• Estimation is within individuals rather than between individuals



It is a conditional cohort method: exposures are regarded as 
fixed, event times as random

Exposure

Baseline time

Other periods of interest

Farrington CP. Biometrics 1995;51:228‐235

Event

Overall rate
Rate in period of interest = Rate Ratio



Other key features of case series method

• Follow‐up is not censored at event

• Can be used with:
• independent recurrent events
• uncommon non‐recurrent events

• The analysis is self‐matched, thus eliminating the 
effect of fixed confounders



The assumptions and features
of SCCS

1. Events must be:
• Independently recurrent
• Rare

2. Occurrence of an event should not (appreciably) affect 
subsequent exposures

• Occurrence of an event should not (appreciably) increase 
mortality

3. Events cannot have happened at exact same time or age

4. Does not produce estimates of absolute incidence



Assumption 1 ‐ Events must be independently recurrent or rare

• Themethod was developed for independent recurrent events

• Bias is ignorable if the method is used with non‐recurrent events with 
risk of occurrence < 10% over the observation period

• A test for independence has been developed (Farrington & Hocine,
Applied Statistics 2010 59: 457 – 475)

• If events dependent – you can use just first event
• fractures
• MI



Assumption 2 ‐ Occurrence of an event should not affect
subsequent exposures

• Conditioning on full exposure histories is only valid 
provided events do not affect subsequent exposures

• In other words, exposure must be an exogenous 
variable (coming from outside a system)



Indication bias ‐ Asthma exacerbation and flu
vaccine

• Cohort and case series studies in asthmatic children
• Aged 1 – 6 years in 1995/6
• Risk period: 2 weeks after flu vaccine.

• Kramarz et al, Arch. Fam. Med. 2000, 9: 617 – 623



Asthma exacerbation and flu vaccine

Method Sample size RI 95% CI

Cohort, unadjusted 70 753 3.29 (2.55, 4.15)

Cohort, adjusted 70 753 1.39 (1.08, 1.77)

The cohort results are subject to indication bias? 
Children with severe asthma more likely to have flu 
vaccine?

Kramarz et al, Arch. Fam. Med. 2000, 9: 617 – 623



Asthma exacerbation and flu vaccine

Method Sample size RI 95% CI

Cohort, unadjusted 70 753 3.29 (2.55, 4.15)

Cohort, adjusted 70 753 1.39 (1.08, 1.77)

Case series 2075 cases 0.98 (0.76, 1.27)

The cohort results are subject to indication bias - The case 
series results are unaffected by this bias.



Direction of bias

• The direction of bias is predictable:
• If the event reduces the chance of exposure, the Relative 
Incidence will be biased upwards

• If the event increases the chance of exposure, the Relative 
Incidence will be biased downwards

• This may be helpful to know



Assumption 2 ‐
cont.

Occurrence of an event should not (appreciably) increase 
mortality

• The observation period is assumed to be independent of the event

• Failure of the assumption can cause bias, in an unpredictable direction

• However, see Farrington et al, JASA 2011, 106: 417 – 426



When can events influence subsequent exposures?

• Occurrence of an event may delay exposure:
• Treatment (eg vaccination) may be deferred until recovery

• The event may be a contra‐indication for treatment:
‐ For example, intussusception and rotavirus vaccine

• If the event is death:
• No subsequent observation can occur



More info about SCCS

• http://sccs‐studies.info/index.html

• Petersen et al. Self controlled case series methods: an alternative to 
standard epidemiological study designs BMJ, 2016

• Whitaker, HJ. et al. Tutorial in biostatistics: The self‐controlled case 
series method. Statistics in medicine. Stats in medicine 2006, 25: 1768 
– 1797



Guidance
• Consider a case‐crossover study or SCCS if:

• exposure is transient
• effects of exposure are short‐term
• there is no/little time‐dependent bias

• Prefer a case‐crossover study, if
• Event precludes further exposure

• Prefer a SCCS, if
• Events do not preclude future exposure and there is 
a time trend in exposure occurrence
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Thanks for your attention – questions welcome!

(Djursland, July 2015 – H Støvring)
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