
We simulated follow-up for angioedema following initiation of angiotensin-converting enzyme 
inhibitors (ACEI) as compared to beta-blockers based on aggregate data in the Sentinel 
Distributed Database. We investigated various scenarios with different settings of 
misclassification of time-at risk (Table 1). We adjust the data generating mechanism so that risk of 
an outcome during follow-up in the comparator group is 15%. The total simulated sample size is 
1,000,000 persons in a 1:1 matching scenario with 500 replicates. The Hazard Ratios are 
estimated using Cox proportional hazard model. 

METHODS CONT.

▪ In epidemiologic studies relying on claims data, the use of free samples of study drugs --
which are generally unobserved in claims data -- may result in both selection bias and
misclassification of time-at-risk.

▪ New users that experience an event while using free samples may discontinue use and 
never be observed in a claims-based study population (selection bias).

▪ Apparent new users may be free sample users when they are first observed in claims data 
with misclassified time-at-risk. 

▪ Misclassified time-at-risk is important when monitoring for acute onset adverse events 
with a time-varying hazard that is elevated immediately following new use.

BACKGROUND

RESULTS

▪ We examined the potential bias associated with misclassified time-at-risk due to free 
sample use of study drugs using a simulation framework. 

OBJECTIVES

▪ The presence of misclassified new users with an undocumented history of free sample use will 
bias estimates of the hazard ratio. 

▪ A quantitative bias analysis framework allows investigators to vary the extent of the
misclassification to account for the potential bias when there are baseline risk changes over
time, the hazard ratio changes over time, or censoring is informative.

In this simulation setting, we assume there is no user in the comparator drug group who 
received free samples before their initial claim. The simulated population is based on a 
matched cohort and did not take into account problems related to residual confounding.

If the risk increases over time then the bias will result in estimates that deviate from the null.
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Simulation Assumptions:
▪ We assumed that an outcome event that occurs during free sample use causes the user to

cease treatment and therefore, precludes entry to our observed cohort.
▪ We also assumed there is no free sample use in the comparator drug group, e.g. comparator 

drug is generic.

Misclassified time-at-risk will introduce bias when:

▪ Baseline risk changes over time 
▪ The hazard ratio changes over time
▪ Censoring is informative (related to risk)

1. We examined various scenarios with elevated risk during the early follow-up period. The bias 
for the scenarios with a more modestly elevated hazard ratio (true HR=3 and 1 thereafter) is 
smaller than the scenarios with a large hazard ratio (true HR=5 and 1 thereafter) when 
controlling for other factors (Table 1).

2. There will be more bias when there is a greater number of misclassified days-at-risk that
occur during the elevated risk period (Table 1).

3. The direction of the bias is always towards the null (Table 1).

We estimated hazard ratios among users of the study drug who take free samples and have 
misclassified days-at-risk (Figure 1). We repeated this simulation with various specified 
proportions of free sample users (10%, 25% and 50%) and various degrees of misclassification in 
days-at-risk (7, 14, 21, 28) and compared all the HR estimates with the true hazard ratio (e.g. 
HR=3).  We censored the observed cohort at 90 days which is the end of follow-up.

In some scenarios, we limited the days of the imposed elevated risk. That is, we assume a higher 
risk immediately following study drug exposure and through a pre-specified risk window and 
lowered the risk thereafter (e.g. HR=3 during first 14 days and HR=1 thereafter). To estimate the 
HR during the risk interval, we included in the Cox model a risk-window-by-treatment interaction 
term.
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Figure 2. Example survival curves for 4 simulation scenario with constant risk over time, 
sample size is 10,000

▪ The result from 500 Monte Carlo simulations shows that if the risk is constant in both groups 
throughout the follow-up, then the misclassified time-at-risk would not bias the hazard ratio 
(HR) estimates, but selection bias is still a concern. The observed hazard ratio is very close to 
the true hazard ratio (e.g. HR=3, and the bias is 0.0003 for 10% of free sample user and 21 
misclassified days). Similarly, when we vary the proportion of free-sample use, days-at-risk 
and censoring point, the estimated HRs are always close to the true HR (Figure 2). 

▪ With a constant hazard, selection bias would arise if free sample users discontinue use
before appearing in the claims data and discontinuation is associated with risk.

▪ Moreover, the misclassification would bias our HR estimates either when there is an
increasing baseline risk, or when there is informative censoring (censoring relies on the
exposure level).

Selected result with 500 replicates

Observed HR 
during the 
imposed risk 
window

True HR 
during the 
imposed 
risk window

Bias during 
the imposed 
risk window

25% free sample user, 21 misclassified days, HR=3 3.001 3.000 0.001

25% free sample user, 28 imposed risk window, 7 
misclassified days, HR=3 and 1 thereafter 2.586 3.000 -0.414

25% free sample user, 28 imposed risk window, 7 
misclassified days, HR=5 and 1 thereafter 3.677 5.000 -1.323

25% free sample user, 28 imposed risk window, 21 
misclassified days, HR=3 and 1 thereafter 2.514 3.000 -0.486
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Figure 1. Follow-up timeline for the simulated cohort   
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Table 1: Results of estimated hazard ratio and bias of selected misclassification scenarios

METHODS


