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ABSTRACT 
Cox proportional hazards (PH) model is one 
of the most popular statistical methods. Yet, in 
2010, Hernán’s very influential commentary 
“Hazards of hazard ratios” in Epidemiology 
warned the users about a ‘built-in selection 
bias’ where an unobserved risk factor 
(‘susceptibility’) automatically induces a grad-
ual decay of period-specific hazard ratios 
during follow-up. This led to widespread con-
cerns about the validity of Cox PH estimates 
and interpretation of time-dependent expo-
sure effects. Yet, Hernan’s arguments, while 
theoretically correct, were illustrated by the 
results of a single clinical trial, leaving some 
uncertainty about the magnitude and practical 
importance of the resulting bias. We used 
simulations to systematically assess the 
strength of the impact of unmeasured suscep-
tibility on the estimates from the Cox PH mod-
el and its flexible time-dependent extensions, 
under different plausible assumptions. We 
also explored if and when frailty models can 
provide useful diagnostics and reduce the 
resulting biases.   

OBJECTIVES 

1. To assess the impact of not accounting 

for an important risk factor in survival 

analysis; 

2. To  appreciate how statistical simulations 

can provide insights regarding complex 

analytical problems; 

3. To understand the concept of a time-

dependent exposure effect. 
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