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Background
Large, population-based databases are typically lack information of 
inpatient medication use which is important for the “real-world 
effectiveness” assessment of prescription drugs. 

It can result in immeasurable time bias. 

Hospitalized patients, who are at higher risk of adverse events, are 
incorrectly classified as unexposed due to the lack of inpatient drug 
data. 



Background
Decrease of the estimate rate of events in exposed group and Increase 
the rate in unexposed group will bias the hazard ratio(HR) downward.

Previous studies have estimated its magnitudes and examined 
approaches to minimize the impact. However, there are limitation for 
inpatients data sources. 

Inpatient medication records are available in the database of South 
Korea due to fee-for-service reimbursement system, accurate exposure 
ascertainment is allowed. 



Objectives of this paper
To describe the magnitude of the immeasurable time bias in 
a cohort design using a case study of the association 
between β-blocker use and mortality among patients with 
heart failure(HF) 

To compare the ability of different methodological 
approaches to minimize this bias.  



The case study in this cohort 
design
P: patients with HF

I: β-blocker used 

C: no β-blocker used

O: mortality 

Study design: 

retrospective population-based cohort



Methods

Data sources: 
South Korea’s National Health Insurance Service-National Sample Cohort (NHIS-
NSC) database between 2002-2013

Study population: 

Patients with HF identified by ICD-10: I50, I13, I09.0, 
I11.0 between 1st Jan 2003 and 31st Dec 2013

Exclusion: 

- Pts with β-blocker prescription in the year preceding HF diagnosis

- Previous diagnosed with HF 



Methods 
Exposure definition : current use of β-blocker 

◦ Using time-varying approach

◦ Person-time of follow up as ‘exposed’, ‘unexposed’

◦ In gold standard: inpatient and out-patient



Methods
Outcome: 

◦ Death from any cause after cohort entry and recorded in the NHIS-NSC 
database ( recorded by physicians in hospitals or police stations)



Methods 
How to set cohort

◦ Date start (index date): date of incident diagnosis of HF

◦ End date: 

◦ Date of death

◦ Date of end of study (31 Dec 2013) 



Potential confounders

Demographic information
◦ Age, sex, type of health insurance, income level

Comorbidities 
◦ HT, DM, DLP, AF, CAD, CVD, PVD, coronary revascularization, MI , stroke, 

COPD, chronic liver disease, chronic lung disease 

Comedications 
◦ ACEI, ARBs, aldosterone antagonists, CCB, diuretics, nitrates, digoxin, 

inotropics, amiodarone, hydralazine, Aspirin, lipid lowering agents, 
antidiabetics, anti-thrombotic medications

(set as binary variables; 1 if present, 0 if otherwise) 

No. of medications( >4, =<4), No. of hospitalization(>2, <=2) in previous yr.

Charlson Comorbidity index 



Statistical analysis 
Model for analysis: 

time-dependent Cox proportional hazards models to 
estimate adjusted HR with 95%CI of all cause-

mortality between β-blocker use and no β-blocker use 

Data analysis divided into 2 parts: 
◦ Gold standard analysis: include drug data from both in- and 

outpatient settings

◦ Restricted analysis with outpatient only 



Reduction of immeasurable time bias with 10 
methodological approaches 

1. Restriction to individuals not hospitalized

2. Restriction to individuals with hospitalization <50% 

3. Assuming ‘exposed’ while hospitalized 

4. Adjusted for hospitalization during each pts’ follow up as dichotomous time 
varying variable in multivariate Cox proportional hazards model

5. Adjusted for the number of hospitalization during follow-up

6. Adjusted for proportion of no. of hospitalization (divided by person-yrs)

7. Weighting by the number of hospitalization during follow-up

8. Weighting by proportion of no. of hospitalization (divided by person-yrs)

9., 10. Weighting by proportions of measurable and immeasurable time





Result



Characteristics













Discussion
The magnitude of the bias in the real-world example 
◦ The gold-standard analysis: both in-hospital and outpatient

HR of 0.76(95%CI: 0.71-0.80)

◦ The analysis of outpatient drug data only 

HR of 0.43(95%CI: 0.40-0.46) 

Adjusting for hospitalization as a dichotomous time-varying 
variable can overcome the bias.

HR of 0.75(95%CI: 0.68-0.82) 



Discussion 

Exclusion of hospitalized patients(removing the immeasurable time bias) can 
lead to selection bias by excluding those with higher risk of death and not
produce result that consistent with gold standard analysis. 



Discussion 
Immeasurable time bias has direct relationships with 
hospitalization, novel methods of adjustment and weighting 
on the presence of hospitalization or its frequency as time-
varying variable was applied. 

Difference in study design, exposure definitions and lengths 
of follow-up used for weights in previous nested case-
control study may cause unability to overcome the bias in 
this study. 



Limitation 
Its generalizability to other study is unclear.

Misclassification of HF may have resulted in the inclusion of 
patients without HF, who are likely to have a better 
prognosis than those with HF. 

Residual confounding from unmeasured confounder may be 
present. 



Conclusion
The immeasurable time bias caused by the lack of 
availability of in-hospital drug information can result in 
substantial bias and exaggeration of the benefits of 
prescription drugs. 

The findings suggest that the time-varying adjustment for 
hospitalization may reduce immeasurable time bias in the 
absence of inpatient medication data in cohort studies.
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