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Case-Crossover Analysis

• Popular tool for estimating the effects of 
acute outcomes by environmental exposures.

• Only cases are sampled, estimates are based 
on within-subject comparisons of exposures 
at failure times vs. control times

• Controls for time-invariant confounders by 
design

• Problems: selection bias

confounding by time-varying factors

Time trends in exposure of interest -> bias
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Bidirectional Case-crossover Studies of Air Pollution:
Bias from Skewed and Incomplete Waves

Lee, Kim, Schwartz (Environ Health Persp, 2000) 108:1107-1115

• Sampling selection strategy 
Unidirectional(retrospective,prospective),Bidirectional

num.of controls(1,2)

• Exposure pattern  Left, right skewed

Cup of Cap shape

• Incompleteness

• Bidirectional is better than unidirectional.

• Bidirectional fails with incomplete exposure.





Selection Bias and Confounding in Case-Crossover 
Analysis of Environmental Time-series Data
Bateson and Schwartz(Epidemiology, 2001)  12:654-661

• Simulation study of the sensitivity of the selection 
bias

• Selection bias results when exposure in the 
reference period is not identically representative

of exposure in the hazard period

(This bias can be estimated and removed)

• Confounding results from a common temporal 
pattern in the exposure and outcome time-series 
that are correlated in finite series length.

• All biases are reduced by choosing shorter referent-
spacing length.





Risk Set Sampling for Case-Crossover  
Designs(1) 
Navidi & Weinhanl(Epidemiology,2002) 13:100-105

• Develop effect estimates that are free from bias 
caused by time trends

1) Full stratum bidirectional design

2) Matched pair design

3) Sym. Bidirectional design

4) Semi-symmetric bidirectional design(developed)



Risk Set Sampling for Case-crossover 
Designs(2)
Navidi & Weinhanl(Epidemiology,2002) 13:100-105

:Failure time       :Risk set selected

weighted version of the standard conditional

logistic regression with the quantity 

as weights.
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Increased Particulate Air Pollution and the 
Triggering of Myocardial Infarction
Peters, Dockery, Muller, Murray, Mittleman(Circulation, 
2001) 103: 2810-2815

• Myocardial Infarction onset (772 patients)

OR 1.48 associated with an increase of 

25㎍/㎥ during a 2-hour period before     
the onset, 

& an OR of 1.69 for an increase of 20 ㎍/㎥

in the 24-hour period 1 day before the onset

2.5PM

2.5PM







Case-crossover design
Matched case-control design
Conditional logistic regression
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Conditional Likelihood for the kth Stratum:
Prob observed data conditional on the stratum 
total sample size and the total # of cases

• Contribution to the conditional likelihood for the k-
stratum

• The full conditional likelihood

In the conditional logistic regression
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• One-to-one match 의 경우

Proportional hazard model 과 동일

→proc phreg으로 풀 수 있다
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• Proc PHREG is to fir proportional hazard 
model for survival analysis 

• It uses hazard function and partial likelihood 
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Obs    date     ID          dumtime case      tem   hum     ap

1 05JAN98 000253306A     1      1    2.2500 74.750 10199.00

2 05JAN98 000253306A     2      0     .       .         .

3 05JAN98 000253306A     2      0    3.2125 84.250 10230.13

4 06JAN98 000171215A     1      1   -1.3750 73.250 10206.88

5 06JAN98 000171215A     2      0     .       .         .

6 06JAN98 000171215A     2      0    2.0250 84.125 10217.63

7 07JAN98 000253914A     1      1   -0.5125 58.000 10220.38

8 07JAN98 000253914A     2      0     .       .         .

9 07JAN98 000253914A     2      0    0.5375 88.875 10258.00

10 07JAN98 000253926A     1      1   -0.9250 58.125 10232.88

11 07JAN98 000253926A     2      0     .       .         .

12 07JAN98 000253926A     2      0    0.7625 87.625 10262.50

13 18JAN98 000104569A     1      1    1.0000 61.500 10227.50

14 18JAN98 000104569A     2      0    2.5750 78.625 10247.88

15 18JAN98 000104569A     2      0   -8.4125 47.625 10232.75



proc phreg data=comm nosummary;

model dumtime*case(0) = tem  hum ap                                

/ties=discrete ;

strata id;

run;



On Going Study 1

Stroke vs. air pollution
Triggering of Ischemic Stroke Onset by Decreased 

Temperature by Yun-Chul Hong et al.

• No associations between stroke & 

air pollution were found

⇒ stroke and weather

• 1 case period is matched with 2 
controls exactly 1 week apart before 
and after the date and time of the 
onset of the ischemic stroke

• 545 patients Jan 1998 – Dec 2000



On Going Study 1

Stroke vs. air pollution

• OR=2.38 (1.33-4.34) for IQR (17.4 C) 
decrease of temperature 

• Elevated risk period = 24 to 54 hours 
after the exposure to cold

• Greater in winter

• Women, elderly, pt with hypertension, 
hypercholesterolemia, no prior history 
of stroke are more susceptible 









On Going Study 2

Asthma vs. air pollution
• Challenge: some patients has multiple 

outcomes

• Approaches

1)  Ignore multiple outcome (use first outcome 
only)

2)  Ignore subject effect 

(treat 2nd outcome as different patients)

3)  Use m:2m matching rather than 1:2 matching
case

control



4) m:2m matching with subjects give 
some structure for controls and cases

→ numerator of li is different likelihood

→ Standard software doesn’t work

5) Applying GEE with PHREG

Use conditional likelihood approach



• Conditional likelihood ( m:2m) 
with single case

Let                : case, -control, +control , , ,k k kX X X
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• Conditional likelihood ( m:2m) 
with double cases

Let                : case1, -control1, +control1

case2, -control2, +control2

Usual Phreg, Den   =  6C2 terms i.e.

 1 1 1, , ,k k kX X X
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In our case, Num   =  3C2 + 3C2 terms i.e.
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In general, for M cases per patients 

M 3C2 terms needed in the denominator rather than  3MC2



Newton-Raphson algorithm for estimating regression 

Parameters

Score function (gradient)

Information matrix (Hessian)

Repeat until no change   








( )
l

U


 



 

2

( )
'

l
I

   

   1

1 ( ) ( )j j j jI U



Scheme of simulation study

• Generate correlated Binary time 
series outcomes 

• Apply Naïve and new methods  

• Compare the results 

- Bias and variance  (Mean Squared 
Error) 



Actual Problems

• Not significant association between 
air pollution and asthma -> increase 
# patients (practical ?) 

• Humidity was found to be very 
significant (p<0.01) in the preliminary 
analyses -> focus on humidity 

• Any idea, Please !!



SUMMARY
Case-Crossover Analysis

• Convenient tool

• Some problems reported

• Generally accepted methodology in 
environmental studies if properly 
done

• Simulation studies needed

• Extension to various field is possible
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