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Individuals, populations, and 
risk 



Disease prevention 

Individualistic perspective:  
•  Preventive interventions should be targeted/

tailored to each person’s individual 
susceptibility 
 
 

Societal /population perspective: 
•  Mass diseases and mass exposures require 

mass remedies--Geoffrey Rose  
 
 



“Individual susceptibility” strategy: 
Advantages 

•  Motivation: intervention matched to 
perceived needs of individual 
 

•  Can improve benefit-risk ratio of prevention 
intervention 

•  Readily accommodated within US health 
care system, consumerist environment 



“Individual susceptibility” strategy: 
Disadvantages 

•  Disease prevention can become medicalized
—being “at risk” becomes medical condition 

  
•  May overlook roots of public health problem 

 
•  Limited by poor ability to predict 

individuals’ futures 



•  Most identified (and “major”) risk factors for 
noninfectious disease have modest associations with 
disease (RRs 1.2-3.0)  
 

•  Vast majority of these factors unnecessary, 
insufficient to cause disease—poor discriminators at 
individual level  

•  Bulk of disease cases will arise from mass of 
population with “average” risk factor values/
average predicted risks 

 How to identify susceptible 
individuals? 



•  90,000 nurses (NHS) followed for 14 years 
•  Approximately 900 developed lung cancer 

over 14-year period 
•  Model predicting risk of lung cancer: age, 

smoking status defined in very fine strata 
•  RR comparing current, heavy, long-term 

smokers to never smokers ~30 

 A “best-case” scenario?  
Predicting risk of lung cancer 
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Boxplots of 14-year estimated risk of 
lung cancer, by case status (NHS) 
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• Calibration 

 
• Discrimination 

Assessing accuracy of risk 
prediction  



•  Calibration=goodness of fit; agreement 
between observed and expected number of 
events   
 

•  Example: if the average predicted risk for 
group of individuals over time interval is 
0.10, and 10% of persons develop disease 
over that interval, model is well-calibrated   

Assessing accuracy of risk 
prediction 



 Discrimination: ability to separate 
individuals with different outcomes  

Assessing accuracy of risk 
prediction 



A model assigning everyone in population the 
same estimated risk of disease, say 
0.10, is well-calibrated if 10% of population 
actually develops disease, but the model has no 
discriminatory ability. 

 

Assessing accuracy of risk 
prediction 



•  A discriminating model produces wide 
distribution of estimated risks; these risks 
are consistently higher for persons who 
develop disease compared to those who do 
not.  

•  Discrimination can be assessed with 
concordance statistic (c-statistic)—ranges 
from 0.5 (coin flip) to 1.0 

Assessing accuracy of risk 
prediction 



Boxplots of 14-year estimated risk of 
lung cancer, by case status (NHS) 
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Concordance statistic = 0.60 



Risk factors as screening tools 

A risk prediction tool must have a large 
associated relative risk (>>20) 
comparing the extremes of exposure or 
predicted risk in order to serve as useful 
screening tool (i.e., to discriminate well) 
at the individual level 



RRq1-5 = 2 

Nondiseased Diseased

SENS       = 8%fp5



RRq1-5 = 20 

Nondiseased Diseased

SENS        = 28%fp5



RRq1-5 = 200 

Nondiseased Diseased

SENS       = 56%fp5



A contemporary scenario:  
Breast cancer prevention 

•  Chemoprevention likely an important part 
of future breast cancer prevention strategies 
 
 

•  FDA guidelines for tamoxifen and 
raloxifene prophylaxis stated in terms of 
estimated five-year risk of breast cancer, 
based on Gail et al. model   



Gail et al. model of breast 
cancer risk ("Risk Disk")  

•  Developed in 1989; used to estimated expected incidence in 
Breast Cancer Prevention Trial  
 

•  Risk factors in model: age, age at menarche, age at first 
birth/nulliparity, # of affected first-degree relatives, history 
of benign breast biopsy/hyperplasia  

age-0.74948 + 0.09401 (AGEMEN) + 0.52926(NBIOPS) 
+ 0.21863(AGEFLB) + 0.95830(NUMREL) 
+ 0.01081 (AGECAT) - 0.28804(NBIOPS 
X AGECAT) - 0.19081 (AGEFLB X NUMREL). 



Gail et al. model of breast 
cancer risk ("Risk Disk")  

•  Risk Disk was widely distributed to clinicians, 
members of lay public, now available as online 
Risk Calculator—for use in clinical decision-
making about tamoxifen  

•  http://www.cancer.gov/bcrisktool/ 



Gail et al. model validation in 
Nurses' Health Study 

•  Cohort of 82,109 white women aged 45-71 
years 

•  Observed 1,354 cases of breast cancer over 
five-year period 
 

•  Expected/observed ratios: 
–   total sample: 0.94 (0.89-0.99) 
–   high-risk subsample: 1.03 (0.96-1.12) 



Estimated five-year risk of breast 
cancer, according to breast cancer 

status at end of follow-up 
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Discriminatory accuracy of 
Gail et al. model 

•  Concordance statistic: 0.58 (0.56-0.60)  
 

•  RR comparing top to bottom decile of 
estimated 5-year risk: 2.83 (2.19-3.65) 
 

•  44% of women who developed breast 
cancer had estimated risk >=1.67% (sens) 

•  66% of women who remained disease-free 
had estimated risk <1.67% (spec) 



New Gail Model findings 

•  Concordance statistic: 0.58 (0.56-0.60)  
 



Age- only breast cancer risk 
prediction model 

•  Concordance statistic: 0.54 







General conclusions 

•  Failure to acknowledge that good predictors of 
incidence  (i.e., of averages) have poor individual-
level discriminatory accuracy has led to unrealistic 
expectations about discovery of  “causes”  and 
about opportunities for “personalized” prevention/
intervention 

•  Ability of information on genes, gene/environment 
interaction, to greatly improve discrimination of 
risk prediction models not yet apparent 



Implications with respect to 
“individualized” prevention and 

risk communication 



Risk communication for 
prevention 

•  Strategy relies, largely, on well-intended but 
frequently inaccurate persuasion to 
“change” (“false positives”) in addition to 
well-intended but frequently inaccurate 
reassurance (“false negatives”). 



Risk communication for 
prevention 

•  In most circumstances, rational individual 
provided with all relevant numeric epidemiologic 
information should NOT change behavior/
exposure (based on quantitative data alone)  
–  E.g., CRC risk and diet change—“high risk” of 

15/10,000 in 5 years for 60-yo American; “increase in 
fruit and veg consumption can lower risk by 30%....” 
 

–  “NNT” to prevent 1 case=1/(abs risk difference) 
–  =2000, in this example 



Risk communication for 
prevention 

•   
 

•  A rational “numerate” individual could (should?) 
justifiably dismiss most (not all) epidemiologic 
information as personally unconvincing or 
irrelevant—at least on quantitative grounds 



Clinical perspective vs. public 
health perspective  

•  Knowledge of rare, but “highly penetrant,” 
risk factors (e.g., BRCA1) important in 
clinic; indeed, “individualized prevention” 
likely an important part of medicine ever 
since physicians began to recognize that 
individuals with certain traits, trajectories 
were at observedly higher risk of certain 
outcomes than others 



Clinical perspective vs. public 
health perspective  

•  In public health, success is measured in declines in 
incidence/mortality over time.   

•  While a risk factor with a low c-statistic (e.g., 
BRCA1/2) can be highly informative clinically,  
low c-stat means substantial proportion of 
individuals in general population who end up with 
disease will NOT be identifiable through high 
predicted risks, thus will not be targeted through 
“individualized prevention” programs 



General conclusions 

•  Poor ability to single out small minority of 
individuals who will develop disease with 
almost any statistical technique means 
prevention strategy, even “individualized 
prevention,” will have to affect many, to 
meaningfully reduce disease burden 

•  “Mass remedies” needed—which are 
socially acceptable? 



Ovarian Cancer Screening Dec 
2015 





Ovarian cancer screening example:  
sens. 1.0,  
spec 0.95,  
prev 50/100,000 (US women aged 50+ yrs) 
 

   100,000 women screened   
 

 50 D      99,950 No D 
 

    

Numbers counterintuitive! 



Ovarian cancer screening example:  
sens. 1.0,  
spec 0.95,  
prev 50/100,000 (US women aged 50+ yrs) 
 

   100,000 women screened   
 

 50 D      99,950 No D 
 
50 T+   0 T-    4997 T+       94953 T- 
 

PPV=50/(50+4997)  =<1% 

Numbers counterintuitive 



Correspondence 2002 



Correspondence 2004 
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