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The real purpose of the scientific method is to make sure 
that Nature hasn’t misled you into thinking you know 
something you actually don’t know.

Robert Pirsig
Zen and the Art of Motorcycle Maintenance



§ To illustrate three aspects of clinical trials 
that, apart from the effectiveness of the 
intervention being evaluated, will determine 
the outcome.

Objective



§ Estimated effect size and “delta inflation.”
§ The Minimal Clinically Important Difference 

(MCID).
§ The influence of eligibility criteria on the 

outcome of a clinical trial.
§ The concept of 

“enrichment” of the
study population.

Overview



§ The difference in the treatment delivered to 
the Intervention and Comparator arms

§ The effect size, defined as the primary 
outcome of the clinical trial.
§ Predicting the effect size is a critical task in 

clinical trial design.

Two Deltas of Interest



§ The statistical approach:
§ Significance level
§ Power
§ Predicted value of the health status measure in 

the comparator arm (e.g. event rate)
§ Predicted effect size

§ The expedient approach:
§ Stipulate resources and time
§ Estimate number of patients
§ Calculate Delta using conventional “p” and power.

Parameters in sample size estimation



Good lies need a leavening of truth 
to make them palatable.

William McIlvanney, 1983

A view of expedience in power calculations



Estimated effect size



§ Defined as: a biased overestimation of effect 
size during trial design.

§ Consequences: high rate of Type II error, 
resulting in rejection of potentially valuable 
interventions.

Delta inflation 



§ Identify critical care RCTs with mortality as 
the primary outcome in:
§ BMJ
§ NEJM
§ JAMA
§ Lancet
§ Annals of Internal Medicine
§ 1999-2009

Method



§ Difference between predicted and observed Delta: 
Only 2/38 trials (5.3%) showed Delta = or > than predicted

§ Mean predicted and observed Delta values for all trials
(10.1%) (1.4%) 

The difference = Delta-gap =8.7%; (p<0.0001)
§ 7 of the 38 trials showed unadjusted statistically 

significant Delta in the hypothesized direction (Red 
triangles in Fig 1). 

§ 17 of 38 trials had a negative Delta – treatment worse 
than the comparator (3 of these terminated early for 
harm).

Results



Observed vs.                        
P                                               Predicted Delta

Aberegg et al Critical Care 2010

N=38 trials
Statistically Non-significant trials

Statistically Significant trials



§ For trials with non-significant effects larger than 
3%, the sample size that would be needed for a 
future trial powered for the observed Delta:  
-Required sample sizes would be 380% to 1,100% 

larger.

Results



Sample Sizes Under Various Scenarios

Aberegg et al Critical Care 2010



§ Underpowered trials may lead to premature 
abandonment of promising therapies.

§ Underpowered trials may waste resources.
§ The use of mortality as the only accepted 

primary outcome in critical care should be 
reconsidered.

§ Underpowered, delta-inflated trials may be 
unethical.
§ Participants take risks because they expect the research 

question to be answered, but usually this can’t happen in 
underpowered trials.

Authors’ Conclusions



§ Minimal Clinically Important Difference 
(MCID)
§ Often cited.
§ Can include patients’ perspectives.
§ Not an individual decision – should use 

consensus methods.
§ Can be used to assess primary, secondary or 

intermediate outcomes. 

Objective determination of effect size

Adapted from McGlothlin and Lewis JAMA 2014



MCID as intermediate outcome

Enhancing Recovery in Coronary Heart Disease 
patients (ENRICHD)

Hypothesis: Treating depression post-MI will reduce mortality and 
re-infarction.

N= 2,481 patients recruited immediately after MI
Primary outcome: CV death or reinfarction

Treatment of Depression: CBT plus SSRI as needed
Intermediate outcome: Hamilton Depression Scale
MCID:  2 points in the HamD

Stipulated in advance by clinical judgment of two therapists 
involved in the trial.

See Berkman et al., JAMA 2003



ENRICHD Intervention Effect
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r= 1.7



§ Methods of determining MCID:
§ Statistical
-Employs statistical distribution characteristics of a 

validated instrument
§ Consensus
-Whose perspective is important: clinician, patient?
-Engage relevant individuals in a consensus process, 

Delphi method.

MCID

Adapted from: 
http://www.med.uottawa.ca/courses/CMED6203/Index_notes/Effect Size.htm



§ Data From the Clinical Antipsychotic Trials of Intervention 
Effectiveness (CATIE) trial (n = 1,442) 

§ Clinician-rated CGI-Severity of illness scores 1-7 were 
compared with PANSS scores of 32.4, 42.2, 57.5, 74.5, 
93.0, 110.9, and 131.0, respectively. 

§ The MCID for PANSS scores = 15.3 points (34.0%) change 
from baseline. 

§ A 1.96 SEM on the PANSS corresponded to a 16.5-point 
(36.2%) change from baseline.

§ PANSS for patients in CATIE changed, on average,  14.8%

Positive and Negative Syndrome Scale (PANSS)

Hermes et al., J Clin Psychiat. 2012



MCIDs from the Literature

Beck II

PHQ-9

Montgomery-Asberg Depression 
Rating Scale (MADRS)

Also see: 
http://www.med.uottawa.ca/courses/C
MED6203/Index_notes/Effect 
Size.htm

17.5% to 32% from baseline 
depending on D duration

Psychol Med. 2015 

5 pts (2 SEMs) on 27 pt. scale
Medical Care, 2004

1.6 to 1.9
Curr Med Rsch Opinion 2008 



Selecting the Clinical Population

AKA: Eligibility Criteria

Look AHEAD: (Action for Health in Diabetes)
A Critical Analysis





N=1079

N=1082

N=1073



The	Look	AHEAD	Research	Group.	N	Engl J	Med	2013;369:145-154.



Eligibility Criteria

§ 45-75 years of age
§ Type-2 diabetes: self report & verified
§ BMI 25+ or 27+ if on insulin
§ HbA1c < 11% 
§ BP < 160/100 
§ Triglycerides < 600 mg/dl
§ Maximal exercise tolerance test, suggesting it 

was safe to exercise



CONSORT diagram: the Look AHEAD trial.

Obesity
Volume 22, Issue 1, pages 5-13, 11 JAN 2014 DOI: 10.1002/oby.20662
http://onlinelibrary.wiley.com/doi/10.1002/oby.20662/full#oby20662-fig-0001



Baseline Characteristics



Run-in Period

2-week behavioral run-in period:
-record daily physical activity
-all foods and beverages consumed 
-12 of 14 days of record keeping required

Others were ineligible because of their low 
likelihood of completing the extensive self-
monitoring required during treatment.



Intensive Lifestyle Intervention

§ Weight loss goal > 7% :
§ Reduced caloric intake
§ Increased physical activity

§ First 6 months:  weekly sessions (group and 
individual counseling)

§ Toolbox of strategies implemented by staff to 
help people who had difficulty achieving 
weight loss,



Diabetes Support and Education

§ Three group sessions per year, 4 yrs.
§ Education re: diet, exercise, social support
§ One group session per year after 4 yrs.



Study End Points

§ Primary:  First occurrence of
§ CV death
§ Non-fatal MI
§ Non-fatal stroke
§ Maximal FU of 11.5 yrs.

§ Hospitalization for angina added after 2 years

Composite Endpoint



Look	AHEAD:		Changes	in	Weight,	Physical	Fitness,	Waist	Circumference	
and	Glycated Hemoglobin	Levels,	10	Years	of	Follow-up.



Trial stopped for futility

The Good (sort of..):
§ Weight loss and physical fitness was as good 

as it gets.
§ When the intervention was stopped 

September 14, 2012:
§ Median FU was 9.6 years
§ Only 4% were lost to FU 



Cumulative	Hazard	Curves	for	the	Primary	Composite	End	Point.

The Look AHEAD Research Group. N Engl J Med 2013;369:145-154.

Primary	outcome:
composite	of	CV	death	
Nonfatal	MI	
nonfatal	stroke
and	
hospitalization	for	angina



Statistical Power

Originally, Look AHEAD was projected to provide 90% 
power based on an expected event rate of 3.125% per year 
in the Diabetes Support and Education group. 

A lower-than-expected rate in the first 24 months of follow-
up prompted a revision of this expectation: to 80% power 
based on an event rate of 2.0% per year.

Three years into the trial the actual event rate in the 
Diabetes Support and Education group was 0.7% per year.





ACCORD Median HbA1c

Look AHEAD HbA1c superimposed.



A non-enrichment design

BMJ, 1996



Jones and West intervention – and results



§ Unselected population – no identified 
behavioral risk factors

§ Weak intervention – anxiety and depression 
were outcomes, but treatment was non-
specific

§ Meager results

Jones and West - interpretation



Summary

§ Power calculations should be based on clinically relevant 
information, not on budgetary considerations.

§ Preferably, MCID should be determined on a case-by-
case basis.

§ Target effect size should be relevant to clinical 
implications.

§ Participants enrolled in clinical trials must have a profile 
consistent with that of the population on which outcomes 
are estimated for power calculations.

§ The concept of enrichment is an important consideration 
for detecting a signal that an intervention has a benefit.




