
Estimating population effects of 
risk factors – some examples, 

innovations and limitations

John Morton
Senior Lecturer in Veterinary Epidemiology and 

Biometry
University of Queensland

With assistance of Garry Anderson and Lisa Boden, 
University of Melbourne



The most important factors…









Retained Foetal Membranes

No.
Incidence 

of RFM
Not 

pregnant Pregnant
No 21352 95.8% 7927 13425
Yes 932 4.2% 452 480

22284 8379 13905

Retained foetal 
membranes
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Attributable Risk
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Fraction
No 21352 95.8% 7927 13425 0.37
Yes 932 4.2% 452 480 0.48 1.31

22284 8379 13905 0.38 0.00 1.3%
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Retained Foetal Membranes

PAR & PAF depend on:

• Strength of association and

• Frequency of exposure

No.
Incidence 

of RFM
Not 

pregnant Pregnant
Proportion 

not pregnant Risk ratio
Population 

Attributable Risk
Population Attributable 

Fraction
No 12925 58.0% 4798 8127 0.37
Yes 9359 42.0% 4539 4820 0.48 1.31

22284 9337 12947 0.42 0.05 11.4%
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PAF

The proportion of the risk of disease in the population:

• that is attributable to exposure, and

• that would be avoided if exposure was removed (or if effects of 
exposure were eliminated).



Exposure PAR PAF
Calving to MSD intervals less than 74 days 0.10 27.2%
Low milk protein% 0.05 14.0%
Low herd average milk volume 0.02 6.1%
Age - 2 and 3 years 0.01 3.4%
Low ovulation detection probability 0.01 3.2%
Age - over 7 years 0.01 2.8%
High milk fat yield 0.01 1.9%
Low milk fat yield 0.01 1.7%
Low positive predictive value for oestrus diagnoses 0.01 1.7%
Dystocia 0.00 1.0%
Retained foetal membranes 0.00 1.2%
Cows not pregnant at the end of mating in previous years 0.00 1.0%
Twin calving 0.00 0.4%
Vaginal discharge 0.00 0.2%
Lame in first 6 weeks after MSD 0.00 0.1%
Oestrus without insemination in first 3 weeks after MSD 0.00 0.1%

RR=1.15-1.43

RR=1.16

RR=1.07-1.11

RR=1.08-1.11



Exposure PAF
Race type (steeple rel. to hurdle) 30.8%
Starts in 14 days prior (>=1 rel. to 0) 24.1%
Racecourse location (city rel. to country) 16.5%
Jump starts in career prior (> 10 rel. to less) 14.3%
Flat starts in 60 days prior (>3 rel. to less) 14.2%
Hurdle starts in 60 days prior (>3 rel. to less) 13.2%
Flat starts in career prior (>30 rel. to less) 12.2%
Steeple starts in 60 days prior (>3 rel. to less) 10.5%



PAR/PAF limitations
1. Non-causal relationships
2. Biased estimates of:

– Strength of association
– Frequency of exposure

3. Direct versus total effect estimated
4. Describes maximum impact of intervention
5. Clustering not addressed
6. Distribution of herd-level PARs/PAFs

more relevant than pooled estimates
7. External validity
8. Consequent effects of interventions
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Direct versus total effect



PARs/PAFs for 
altered calving to 
mating start date 
distribution/risk
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PAR/PAF - Conclusions
1. Handle with care
2. Can lead to improved decisions



• Geoff’s causal diagram





said “The epidemiologists also tell me that the PAF for junk food advertising in 
children’s television programs is over 30% so our next strategy will be to look 
closely at how we can regulate this advertising. The PAF tells us that the 
population impact of junk food advertising on child obesity in Australia is huge.”


