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Focus is on comparison of drug treatments 
but the talk  
also applies to other interventions 



Aims of clinical research 

• Aims of clinical research are:  

• In general: establish/evaluate risk factors for diseases and symptoms 

• Here: selecting the best treatment 

• Also: determine which patient should receive what treatment 
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1 million $ question:  

Which study design to answer these questions? 
 

 



Specifics of geriatric population 

• Multiple comorbidities 

• Many concomitant medications 

• Higher number of dropouts due to death 

• Age range restrictions in RCTs 

• … 
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Classical clinical study designs: 
theory 
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Pyramid of evidence 
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Randomized Controlled Trial 
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Study participants 

Intervention group 

Control group 

Outcome? 

Outcome? 

Yes 

Yes 

No 

No 

• Experimental, prospective study 

• Compares effectiveness/safety of treatments 

• Random allocation of subjects + often blinding 

• Follow-up in time 

• Costly and time consuming, but low potential  for bias 

• High level of evidence: allows for causal claims, if done properly 



Cohort study design 
Longitudinal observational study, real life study, … 
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Study participants 

Risk factor present 

Risk factor absent 

Outcome? 

Outcome? 

Yes 

Yes 

No 

No 

• Observational, usually prospective  

  but lately increasingly more retrospective 

• Risk factor is here choice of treatment 

• Self-selection (no masking) 

• Susceptible to confounders 

• Follow-up in time 

• Time-consuming, loss to follow-up often a problem 

•  High level of evidence, but only association can be measured 



Classical clinical study designs: 
practice 
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Randomized Controlled Trial (RCT) 

• RCT: gold standard for clinical research, at least in theory 

• But theory is often different from practice  

• Evaluation in practice: 

• Quality of data 

• Statistical aspects (internal validity) & causality  association 

• What is measured? 

• External validity 

• Efficacy  safety 
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Focus on comparison  
of 2 treatments 

for efficacy but also safety 



RCT: quality of data 

• RCTs are prospective 

• Patients are monitored, which implies: 

• Quality of data is better than for retrospective studies 

• Less missing data than for retrospective studies 

• Quality of data also (often) better than for real life studies 

• Less misclassified symptoms, comorbidities, … 
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RCT: statistical aspects 

• Randomisation: treatment groups are balanced at start for all 
known and UNKNOWN confounding factors 

• Blinding: disentangles psychological and biological effect 

• Statistical implications: 

• No statistical comparison, no P-values at baseline! 

• Simple statistical tests can be used: t-test, 2-test, … 

• But, only when one takes into account appropriately: 

• Missing data, dropouts, … 

• Protocol violators, compliance, … 

• RCT is the ONLY design that allows to establish causal relationship: 
measured effect of treatment is only due to treatment 
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RCT: what is measured? 

• Exclusion criteria in RCTs imply 

• Patients with selected comorbidities are not included 

• Patients taking certain concomitant treatments are not allowed 

• Patients in RCTs are closely monitored 

 Upper bound of treatment effect is measured in RCTs 
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RCT: external validity 

• Exclusion criteria in RCTs imply 

• The selected patients are not representative for the total 
patient population of interest (selection bias) 

• That is, external validity of RCTs is often low 

• Geriatric studies generally suffer even more from exclusion criteria 

• Age limits 

• Avoiding comorbidities 

• Restricting concomitant medication 
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Underrepresentation of elderly in RCTs 

16 



RCT: efficacy  safety 

• Same principles apply to safety as to efficacy 

• But, RCTs are designed to detect treatment effects (efficacy) 

• RCTs are (most) often underpowered to evaluate safety: 

• Rare adverse events cannot be detected with realistic study sizes 

• Some adverse events only occur after long periods of drug intake 
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Hyperkalemia  spironolactone treatment 
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Juurlink et al. (NEJM, 2004) 

• RALES study (1999): spironolactone significantly improves outcomes (symptoms 
heart failure, 30% reduction in mortality) in patients with severe heart failure. 

• But: ACE inhibitors are also indicated in these patients 

• Spironolactone can provoke life-threatening hyperkalemia when combined with 
ACE inhibitors 

• In RALES study no strong evidence for such a dangerous effect was found, but 
“Clinical trial setting and actual practice are particularly relevant for older 
patients, most of whom would not have been included in RALES.” 

• A population-based time-series study (registry in Ontario): 1,6 million adults > 66 
years, period: 1994 - 2001 

• Result 1: significant relation (P < 0.001) between subscription of spironolactone 
and hospitalization for hyperkalemia/heart failure from 34/1000 to 149/1000 

• Result 2: Mortality increased from 0.3/1000 to 2.0/1000 (P<0.001) 

 



Longitudinal observational/real life studies 

• Of the 3 classical epidemiological designs (cohort, case-control, cross-
sectional) the cohort design is by far best to establish an association 
between risk factors and the occurrence of  diseases/symptoms 

• Cohort/longitudinal/real life data can be obtained from: 

• Phase IV studies 

• (Longitudinal) registries 

• … 

• What is gained/lost compared to a RCT? 

 

19 



Cohort design  RCT 

• Data quality: cohort designs are often prospective  data quality  
data better than for CC & X-sectional studies, but less than for RCTs 

• Statistical aspects: since there is self-selection and no masking, 
the statistical procedures are more complicated, see next slides 

• Causality  association: only association can be shown, although 
sophisticated statistical procedures try to come close to a RCT 

• What is measured: the effect and safety of treatments in real life 
settings, but often the comparison is not (adequately) controlled   

• External validity: highly relevant to the general population, but 
the message is not always clear 

• Safety: real life studies are typically done over longer periods with 
many more patients, hence better powered to find rare AEs 
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Cohort design: statistical aspects 

• Self-selection: treatment groups are imbalanced at baseline 

• How to correct for imbalance? 

• Perfect correction is NOT possible 

• “Multivariate” analyses (logistic & Cox regression) are performed to 
correct for imbalances 

• Nowadays, propensity score analyses are popular 

• One could also match the patients in the two treatment groups 

• But one can never correct for not-observed imbalances 

• In addition: one is never sure that the statistical model is correct! 
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Cohort design: propensity score analysis 

• Univariate analysis: 2 treatment groups with respect to outcome 

• “Multivariate” analysis: Correct for important observed covariates 
with logistic regression, Cox regression, … 

• Propensity score analysis: aims to mimic a RCT 

1. Take many covariates (even those that do not have a relationship with 
outcome) 

2. Predict the treatment group (using logistic regression) from all those covariates 

3. Obtain the score to predict allocation to one treatment (= probability to choose 
that treatment) 

4. Apply logistic/Cox regression with propensity score + other important covariates 
to predict outcome 

5. Possibly apply stratification or matching instead 
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A retrospective cohort study 
on veterans (60-99 yrs) 

PPI = proton pump inhibitor 
TRIP = anticoagulant-antiplatelet-ASA  



NOACs  warfarin 

• Question: What is value of “real-life” studies? 

• Setting: Patients suffering from atrial fibrillation  

1. Up to recently warfarin was standard treatment for stroke prevention 

2. Four Non-vitamin K antagonist Oral AntiCoagulants (NOACs) have 
shown in RCTs to be non-inferior to warfarin, with apixaban superior to 
warfarin for the primary outcome but also for bleeding 

3. No head-to-head RCT has been set up, but several “real-life” studies 
have been organized to compare GI bleeding incidence 

4. All studies make use of “multivariate analyses” and many also include 
(two types of) propensity score analyses 

5. Results: superiority of apixaban wrt GI bleeding compared to warfarin 
confirmed in “real-life” analysis & about same results for other NOACs 
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Real World Evidence 

• Value of RCT 

• Proof of biological effect of treatment in ‘ideal’ situation (upper bound?) 

• But, obtained on a non-randomly selected and small set of patients 

• Value of real life studies 

• Evidence is needed of how treatments work in real life  

• But, in general there is no assurance that quality of data in observational 
studies is good enough 

• Recently, there is much interest in how to combine information from: 

• Electronic data bases 

• Phase IV studies 

• And to examine on how to increase quality of data 

• But there is definitely a need to complement the information obtained 
from RCTs, for a better personalized medicine 
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It is now time for  
more interesting talks 
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Back up slides 
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Practical conclusions 

• What about case-control & cross-sectional studies? 

• Prone to many more biases 

• Chicken-egg problem 

 

• Points to consider 

• Amount and type of missing data, dropouts 

• Dropout due to death is different from dropout due to lack of efficacy, 
safety issues, … 

• Additional studies beyond RCTs are needed for geriatric population 
because of in- and exclusion criteria 

• Meta-analyses of subgroups of elderly patients in RCTs is still an option 
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