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1. Correlated outcomes 

We addressed correlated outcomes in several contexts. In each of these, we discussed methods of analysis of intervention effects that are conducted on the measured outcomes (Y) and on summaries of these units:  
· Lecture 2, change scores within observational units assessed at two times (reading: Vickers Altman 2013 ChangeScores.pdf) 
· Lecture 4, correlated observational units within experimental units (clusters)  
· Lecture 6, change scores within observational units assessed at  2 cycles 
Particularly in Lecture 6, the point was emphasized that ability to properly analyze correlated outcomes depends not only on the statistical model but also on the study design. 

Using data extracted – roughly – from Vickers Altman 2013 ChangeScores.pdf (…HW6 supplement.docx), recreate the summary table presented in that paper, with additional row specified below. Do not fill in shaded cells of the table. Note the addition of standard error (SE) to the intervention effect column. 

	
	Pain Scores
	

	Model / Outcome
	Covariates
	Placebo
(n=23)
	Acupuncture 
(n=25)
	Intervention effect
Difference (95% CI); SE
	P value

	0/ Baseline (Y0)
	Arm
	
	
	
	

	1/ Follow-up (Y1)
	Arm
	
	
	
	

	2/ Change score
	Arm
	
	
	
	

	3/ Follow-up 
	Arm, Y0
	*
	*
	
	

	4/ Change score 
	Arm, Y0
	*
	*
	
	


*Defined at Y0_c=0

a) Were change scores calculated at the level of observational or experimental units? By what formula? 
b) When the unadjusted analysis shifted from outcome=Y1 to outcome=Change, did this effectively adjust for baseline values of the outcome? How did authors explain this? 
c) Were outcome values at the two times negatively or positively correlated? Find the overall correlation in the output. Explain why this direction is typical or atypical. Of the 4 figures shown, which best illustrates correlation over time?  How does it affect the correlation of change scores with baseline values? Which figure best illustrates this?  
d) Authors state: “If, by chance, baseline scores are worse in the treatment group, the treatment effect will be underestimated by a follow up score analysis and overestimated by looking at change scores.”  Are the unadjusted estimates biased in this example? Explain. 
e) Does adjustment of the analysis of outcome=Y1 for the baseline value (Y0 or Y0_c) exacerbate of diminish these biases? Explain.  
f) Authors state:  “An additional advantage of analysis of covariance is that it generally has greater statistical power to detect a treatment effect than the other methods.” 
· First, focus on comparing models 3 and 1. Based on the SE’s of the intervention effects, which is more efficient? For model 3, adding a term to those in Model 1 requires spending some “energy” to estimate it. The SE balances this loss against the gain in precision due to adjusting for the prognostic covariate. What plans for the design and/or analysis must investigators make to use Model 3? 
· Second, focus on comparing models 1 and 2. Based on the SE’s of the intervention effects, which is more efficient? For model 1, var(diff estimate | model 1) =  and for model 2, var(diff estimate | model 2) = . For , which of these models is always more efficient (requires smaller sample)? What plans for the design and/or analysis must investigators make to use Model 2? 
   

2. Correlated outcomes in N-of-1 trials In N-of-1 trials (Lecture 6) we again encountered repeated measures. State the overall goal of this trial design. 
To set up our notation, assume that, per observational unit, the sequence ABABAB represents three cycles, with two periods apiece, with experimental units assigned at the period level and balanced within cycles. 
· What is the minimum number of cycles per PT to obtain evidence of a treatment effect? 
· What is the minimum number of cycles per PT to obtain evidence of variation in the treatment effect over time (heterogeneous responses over time within PT)? 
· What is the minimum number of PTs with the number of cycles above to obtain evidence of variability among patients in the treatment effect? 
· What is the minimum number of PTs and cycles per PT to obtain evidence that a treatment effect varies among PTs? 

In addition to your comments, illustrate your answers above using sequence(s) of AB pairs.  Label each answer with letters from Senn’s partition of variance components and corresponding study designs (Lecture 6, Slide 6 & 7). 

3. N-of-1 trials:  examples
[bookmark: _GoBack]
Access clinicaltrials.gov/ . The searches below gave the following hits. 
· N of 1 – 1731 hits. Of these some are hits (eg, N of 1 Study Design) and others are not (eg, H1N1). 
· “n of 1 study” – 5 hits 
· “n of 1 trial” – 18 hits 
· “n of  1” – 24 hits 

Subset the last set to the 6 trials being conducted in California. To get a sense of what’s going on in our midst, summarize these trials as follows. 
	Trial; 
Condition
	Target N; Duration/PPT
	Cycles
	Experimental arm;
Note behavioral / therapeutic
	Control arm; 
Note behavioral / therapeutic
	Outcome; Uses a wearable device?

	NCT03323099; 
Atrial Fibrillation
	478; 
10 weeks
	3 weekly cycles, with random start in condition A vs B; end with 4 weeks of PPT-selected A or B
	Behavioral/N-of-1: track AF frequency and severity and execute at least one N-of-1 trial
	Behavioral/Data Tracking: track AF frequency and severity 
	AF QoL; 
yes

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Comment on at least 3 of the 6 trials with regard to whether and why an N-of-1 trial was essential to address the research issue. 

4. Cluster randomized trials 

Let Nc =total number of observational units, K= total number of clusters, m=number of obs units/cluster, and Nc =K*m. Suppose ρ is such that design options include {K,m}={120,2},{60,4},{30,8}, &{15,16}. 
· Which option is the best in terms of internal validity? 
· What characteristics of the outcome variable would favor smaller vs larger m? 

If you wanted to estimate and report the intra-cluster correlation coefficient, ρ, what method of analysis would you use? 


5.  Address the questions of HW1 for the following trial: 

Citation: Olgin JE, Pletcher MJ, Vittinghoff E, et al; VEST Investigators. Wearable Cardioverter-Defibrillator after Myocardial Infarction. N Engl J Med. 2018 Sep 27;379(13):1205-1215. doi: 10.1056/NEJMoa1800781.		
		
Identify:		
· Research Question / Scientific
· Research Hypothesis / Statistical
		
Exposure: 		
· Identify the experimental unit (e.g., participant (ppt), ppt-eye, ppt-week, clinic …)
· Identify the intervention arms. 
· Describe the procedure used to assign units to study arms. 
· Were units exposed to more than one intervention (e.g., crossover trial)? 
· Were assignments blinded (single or double)? 
· How long was the exposure period per participant? 
· How many exposures were planned within this period? 
		
Outcome: 		
· Identify the primary outcome. 
· Identify the observational unit (Note: can differ from experimental unit)
· Were assessments made in an unbiased way (e.g., blinded to study arm)? 
· Were adjusted analyses conducted? Were they pre-specified? 
		
Adherence:		
· Adherence is a potential meditor of the intervention effect. 
· Was adherence reported by study arm? 
· How was adherence assessed?  
· How many participants per arm demonstrated: {adherence, lack of adherence, missing data}? 
· Did the study employ any strategies to enhance adherence, such as use of a run-in period? 
		
Prognostic covariates: 	
· Was the design stratified by any factors? 
· Was the analysis stratified by any factors? 

Design: 	
· Discuss modification that would be needed to address the question in an N-of-1 trial. 
· Which design do you believe would be more informative? 
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