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Confounding by Indication 
• Good prescribing leads to confounding of drug 

effects on intended outcomes 
• More severe disease more likely to 

– Be treated (with higher doses) 
– Have higher risk of outcomes (we like to prevent) 

• Assessment of severity of disease often difficult 
• Intractable confounding 
• Drug looks BAD compared with NON-USERS! 

– E.g., increased asthma mortality with beta-agonists 



Confounding by Frailty in  
Population Based PE Studies 

• Individuals close to death are 
– Less likely to receive preventive treatments 

• E.g., statins, flu vaccination 

– More likely switched to palliative treatments 
• E.g., opiates instead of NSAIDs 

– More likely to receive certain classes of drugs 
• E.g., loop diuretics vs. other diuretics 

• Paradoxical drug mortality associations 
• Drug looks GOOD compared with NON-USERS! 
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Intractable Confounding? 
• We cannot (well) measure indication nor frailty 
• Need other means to control for confounding 

– Randomization, but clearly not feasible to get timely answers 
for ALL relevant drug related research questions 

– Restriction, very powerful tool to address confounding (e.g., 
Schneeweiss et al., Med Care 2007) 

• Can we (implicitly) restrict to (same) indication? 
– Potential to reduce confounding by indication AND frailty 

• Compare treatment alternatives with equipoise for 
same indication 
– Guideline, clinical practice 

• New user, active comparator design 



So Much for the Theory, but 
Does it Really Work? 

• Non-selected examples from recent 
studies on antidiabetics @ UNC 
– Guideline (Diab Care 2015;38:140-149) 
– Metformin versus Sulfonylurea 
– DPP-4 versus TZD/sulfonylurea 
– Glargine versus NPH insulin 



 



• First line treatment pts. with type 2 diabetes 
• Reduction of cancer incidence and mortality? 

– Breast, colon and rectum, liver, pancreas, 
stomach, prostate, esophagus, etc? 

– Some biology 
• Time related biases (Suissa & Azoulay 12, 14) 
• Active comparator? 

– Guideline: none 
– Empirically: sulfonylureas 

Metformin 



Initiation of Metformin vs. 
Sulfonylurea, US Medicare 

Jin-Liern Hong et al., submitted 



Initiation of Metformin vs. 
Sulfonylurea, US Medicare 



Metformin vs. Sulfonylurea: 
Medicare Current Beneficiary Survey 



Dipeptidyl-peptidase-4 inhibitors  
• Introduced (US) in 2006 
• Improve glycemic control in type 2 diabetics 
• Sitagliptin first in class, saxagliptin (2008), 

linagliptin (2011) and alogliptin (2012) 
• P.O., good tolerability, body-weight neutrality 
• 2009: FDA safety communication for acute 

pancreatitis 
• 2011: pancreatic cancer in FAERS (ROR=2.7) 
• 2013: increased pancreatic cell proliferation and 

dysplasia (autopsy study) 



 



Time Trends in Initiation of Oral 
Antidiabetics: US Medicare  

Gokhale et al., unpublished results 



Dipeptidyl-peptidase-4 inhibitors  
Gokhale et al., Diabet Obes 
Metab 2014 



Dipeptidyl-peptidase-4 inhibitors  

Gokhale et al., Diabet Obes Metab 2014 



Insulin Glargine 

• Human insulin analogue 
• Implicated with increased risk for cancer 

(any) in large cohort study from Germany 
• Some lab evidence 
• Insulin mostly used in type 2 diabetics not 

controlled by 1st and 2nd line oral antidiab. 
• Clincal alternative: human NPH insulin 
• New user, active comparator design 



Confounding Control by Design 



OK, But What About BMI? 
• BMI probably strongest predictor for adding 

insulin in T2DM and RF for some cancers 
• External validation study 

– Estimate independent effect of BMI on 
prescribing glargine VERSUS NPH 

– At time of initiation (same indication) 
– Using EMR data (here: MGH, Ochsner) 

• Use known effect of BMI on cancer risk to 
estimate confounding if BMI unbalanced  

• Assumption: BMI effect on treatment choice 
transportable 



Limiting Confounding by Design 

Sturmer et al. Diabetes Care 2013 



Some Differences Remain! 



Additional Design Approaches to 
Reduce Unmeasured Confounding 

• External control for confounding (e.g., 
Stürmer et al., Med Care 2007) 

• Instrumental variables (e.g., Brookhart et 
al, Epidemiology 2006) 

• Excluding patients treated contrary to 
prediction (in the tails of the PS 
distribution; Stürmer et al., AJE 2010) 



Conclusions Study Design to Control 
for Unmeasured Confounding 

• Conditioning on indication has major 
impact reducing potential for confounding 
by indication and frailty 

• Can in practice only be achieved with new 
user, active comparator design (no 
nonexp. “placebo”) 

• Carefully assess potential for remaining 
confounding by indication (clinician input) 





Brief History of New User, Active 
Comparator Design 

• Kramer et al. J Chron Dis 1987;40:1073-85: 
– “For what period of time? The risk posed by a drug for a .. event is not generally the 

same in the sixth month of chronic therapy as in the first or second week.” 
– “Compared with what? .. it is important to compare that risk with that of some other real 

therapeutic option for patients with the same clinical indication. Just as in a clinical trial 
investigating treatment efficacy, any epidemiologic study of treatment risks should 
compare two or more viable treatment alternatives.” 

– “.. measuring risks conditionally on .. indication is .. essential to reduce confounding” 

 

• Guess. J Clin Epidemiol 1989;42:1179-84: 
– “The possibility of temporally non-constant hazard functions should be considered in 

the study design. This requires that drug exposure time be measured not only in 
relation to onset of the study disease but also in relation to start of therapy with the 
study drug.” (Italics by author) 



• Moride, Abenhaim. J Clin Epidemiol 1994;47:731-7: 
– “Our results .. are compatible with .. a selection process by which patients 

who have used the drugs in the past and tolerated them well remain on the 
drugs while patients who are susceptible to gastropathy select themselves 
out of the population at risk. This process is analogous to the .. “healthy 
worker effect”.. If not taken into account .. it could introduce a selection bias.” 

• Ray, Maclure, Guess, Rothman. Inception Cohorts in 
Pharmacoepidemiology. Symposium, 17th ICPE, Toronto 2001. 

• Ray. Am J Epidemiol 2003;158:915-20: 
– “First, prevalent users are "survivors" of the early period of pharmacotherapy 

… Second, covariates .. often are plausibly affected by the drug itself.” 
– “A new-user design eliminates these biases by restricting the analysis to 

persons under observation at the start of the current course of treatment” 

Brief History of New User, 
Active Comparator Design 



Brief History of the New User 
Active Comparator Design 

• Kramer, Lane, Hutchinson. Analgesic use, blood dyscrasias, 
and case-control pharmacoepidemiology. A critique of the 
International Agranulocytosis and Aplastic Anemia Study. J 
Chron Dis 1987;40:1073-85. 

• Guess. Behavior of the exposure odds ratio in a case-control 
study when the hazard function is not constant over time. J 
Clin Epidemiol 1989;42:1179-84. 

• Moride, Abenhaim. Evidence of the depletion of susceptibles 
effect in non-experimental pharmacoepidemiologic research. 
J Clin Epidemiol 1994;47:731-7. 

• Ray, Maclure, Guess, Rothman. Inception Cohorts in 
Pharmacoepidemiology. Symposium, 17th ICPE 2001. 

• Ray. Evaluating medication effects outside of clinical trials: 
new-user designs. Am J Epidemiol 2003;158:915-20. 
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