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Background	
  

•  Randomized	
  controlled	
  trials	
  (RCTs)	
  as	
  gold	
  
standard	
  to	
  evaluate	
  new	
  interven#ons	
  

•  Es#mated	
  effect	
  can	
  be	
  biased	
  unless	
  all	
  
pa#ents	
  comply	
  with	
  their	
  treatment	
  

•  In	
  real	
  prac#ce,	
  par#cipants	
  may	
  have	
  
different	
  forms	
  of	
  noncompliant	
  behaviours	
  



Noncompliant	
  behaviours	
  

•  All-­‐or-­‐none	
  scenario:	
  
pa#ents	
  may	
  receive	
  either	
  full	
  of	
  the	
  assigned	
  	
  	
  
treatment	
  or	
  none	
  of	
  it.	
  
	
  
•  A	
  more	
  realis#c	
  scenario:	
  	
  
Pa#ents	
  may	
  par#ally	
  comply	
  and	
  receive	
  part	
  
of	
  the	
  assigned	
  treatment.	
  



Objec#ves	
  of	
  the	
  study	
  

•  To	
  compare	
  methods	
  of	
  analysis	
  under	
  
different	
  scenarios	
  of	
  non-­‐compliance	
  

•  To	
  compare	
  the	
  es#mates	
  by	
  bias,	
  mean	
  
square	
  error	
  (MSE),	
  and	
  coverage	
  	
  



Literature	
  review	
  
 Bang & Davis 2007 Proposed study 
Types of non-compliers   
  Both always- and never-takers  Yes Yes 
  Only never-takers No Yes 
Randomness of non-compliance   
   Random non-compliance Yes Yes 
   Non-random non-compliance 3 scenarios 6 scenarios 
Level of non-compliance  Binary & discrete Binary & discrete  
Statistical methods ITT, AS, PP, IV ITT, AS, PP, IV, CACE 
!



Sta#s#cal	
  methods	
  

•  Inten#on-­‐to-­‐treat	
  analysis	
  
•  As-­‐treated	
  analysis	
  
•  Per-­‐protocol	
  analysis	
  
•  Instrumental	
  variable	
  analysis	
  
•  Complier	
  average	
  causal	
  effect	
  analysis	
  



Instrumental	
  variable	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  
	
  
	
  
The	
  instrumental	
  variable	
  (Z)	
  sa#sfies:	
  
1.  Z	
  is	
  independent	
  of	
  U	
  
2.  Z	
  is	
  associated	
  with	
  T	
  
3.  Z	
  is	
  independent	
  of	
  Y	
  given	
  T	
  and	
  U	
  
	
  	
  	
  	
  	
  	
  	
  

Confounders	
  (U)	
  

Randomiza#on	
  
(Z)	
  	
  

Actual	
  treatment	
  
(T)	
  

Outcome	
  (Y)	
  



Instrumental	
  variable	
  

•  There	
  are	
  different	
  IV	
  es#mators	
  

•  The	
  standard	
  one	
  has	
  the	
  form:	
  

	
  	
  IV	
  es#mate	
  of	
  the	
  effect	
  =	
  	
  	
  	
   !""!!"#$%&#!
!"#!!"#!#"$%#&!!"!!"#$%&'()!



Complier	
  average	
  causal	
  effect	
  

•  The	
  effect	
  of	
  an	
  interven#on	
  among	
  the	
  
par#cipants	
  who	
  comply	
  

•  In	
  some	
  cases,	
  standard	
  IV	
  method	
  can	
  
es#mate	
  CACE	
  

•  A	
  more	
  developed	
  approach:	
  the	
  mixture	
  
approach	
  (Jo	
  &	
  Muthen	
  2001;	
  Jo	
  2002)	
  



Complier	
  average	
  causal	
  effect	
  

The	
  mixture	
  approach:	
  
•  A	
  different	
  distribu#on	
  for	
  compliers	
  and	
  	
  
non-­‐compliers	
  

•  Assume	
  the	
  par#cipants	
  whose	
  compliance	
  
status	
  cannot	
  be	
  iden#fied	
  as	
  missing	
  

•  Apply	
  EM	
  algorithm	
  to	
  compute	
  the	
  MLE	
  of	
  
the	
  effect	
  



Simula#on	
  framework	
  

1.  Type	
  of	
  compliers	
  
– Always-­‐	
  and	
  never-­‐takers	
  
– Only	
  never-­‐takers	
  

•  In	
  addi#on,	
  we	
  make	
  the	
  assump#ons:	
  stable	
  
unit	
  treatment	
  value	
  assump#on	
  (SUTAV);	
  
exclusion	
  restric#on;	
  monotonicity;	
  non-­‐zero	
  
denominator;	
  no	
  missing	
  data.	
  	
  

	
  	
  	
  	
  (Details	
  in	
  Lidle	
  &	
  Yau	
  1998)	
  	
  	
  	
  



Simula#on	
  framework	
  

2.  Randomness	
  of	
  non-­‐compliance	
  
–  Random	
  non-­‐compliant	
  behaviour	
  
–  Compliant	
  behaviour	
  dependent	
  on	
  pa#ent	
  baseline:	
  

A.  Beder	
  baseline	
  receive	
  the	
  interven#on;	
  worse	
  reject	
  
B.  Beder	
  baseline	
  receive	
  the	
  interven#on	
  
C.  Worse	
  baseline	
  reject	
  the	
  interven#on	
  
D.  Beder	
  baseline	
  reject	
  the	
  interven#on;	
  worse	
  receive	
  
E.  Beder	
  baseline	
  reject	
  the	
  interven#on	
  
F.  Worse	
  baseline	
  receive	
  the	
  interven#on	
  

•  These	
  6	
  non-­‐random	
  rela#onship	
  were	
  considered	
  
in	
  a	
  more	
  generalized	
  case	
  by	
  McNamee	
  2009	
  

	
  



Simula#on	
  framework	
  

3.  Level	
  of	
  compliance	
  
– Binary	
  for	
  all-­‐or-­‐none	
  case	
  
– Discrete	
  for	
  par#al	
  non-­‐compliance	
  
– Possibly,	
  con#nuous	
  for	
  par#al	
  non-­‐compliance	
  
(was	
  not	
  considered	
  in	
  this	
  study)	
  

	
  



Simula#on	
  summary	
  

Noncompliance scenarios 

Both always- and never-
takers 

Random compliance 
Binary level of compliance 

Discrete level of compliance 

Non-random 
compliance 

Binary level of compliance 

Discrete level of compliance 

Only never-takers 

Random compliance 
Binary level of compliance 

Discrete level of compliance 

Non-random 
compliance 

Binary level of compliance 

Discrete level of compliance 



Results	
  (real	
  effect	
  =	
  30;	
  only	
  never-­‐takers	
  )	
  



Results	
  (real	
  effect	
  =	
  30;	
  both	
  always-­‐	
  &	
  never-­‐takers	
  )	
  



Results	
  summary	
  

•  When	
  there	
  were	
  both	
  always-­‐	
  &	
  never-­‐
takers,	
  non-­‐ITT	
  es#mates	
  were	
  unbiased	
  if	
  
non-­‐compliant	
  behaviour	
  was	
  random.	
  	
  

•  When	
  both	
  always-­‐	
  &	
  never-­‐takers	
  allowed,	
  
PP	
  and	
  CACE	
  methods	
  produced	
  same	
  results.	
  

•  When	
  only	
  never-­‐takers	
  allowed,	
  PP	
  es#mates	
  
were	
  unbiased.	
  

	
  



Results	
  summary	
  

•  Bias	
  in	
  par#ally	
  compliant	
  cases	
  >	
  bias	
  in	
  all-­‐or-­‐
none	
  cases.	
  

•  IV	
  es#mates	
  had	
  the	
  largest	
  MSE	
  but	
  the	
  widest	
  
coverage.	
  	
  

•  When	
  treatment	
  effect	
  =	
  0,	
  ITT	
  es#mates	
  were	
  
unbiased	
  when	
  non-­‐compliant	
  was	
  either	
  
random	
  or	
  symmetrical.	
  	
  



Key	
  messages	
  
•  When	
  par#cipants’	
  non-­‐compliant	
  behaviour	
  are	
  related	
  to	
  

their	
  baseline	
  characteris#cs,	
  the	
  es#mates	
  are	
  likely	
  to	
  be	
  
biased	
  without	
  accoun#ng	
  for	
  the	
  baseline	
  characteris#cs	
  

•  ITT	
  es#mates	
  are	
  generally	
  biased	
  towards	
  the	
  null;	
  
however,	
  are	
  unbiased	
  when	
  the	
  interven#on	
  and	
  control	
  
work	
  the	
  same.	
  

	
  
•  When	
  only	
  never-­‐takers	
  are	
  possible,	
  PP	
  method	
  provided	
  

the	
  least	
  biased	
  es#mate	
  and	
  provided	
  unbiased	
  es#mates	
  
when	
  the	
  interven#on	
  and	
  control	
  work	
  the	
  same.	
  	
  	
  	
  



Some	
  limita#ons	
  

•  Did	
  not	
  consider	
  covariates	
  or	
  imbalance	
  
between	
  groups	
  

•  Treated	
  IV	
  and	
  CACE	
  as	
  es#mates	
  of	
  
treatment	
  efficacy	
  

•  Assumed	
  the	
  treatment	
  efficacy	
  was	
  linearly	
  
propor#onal	
  to	
  the	
  level	
  of	
  compliance	
  to	
  the	
  
treatment	
  	
  



Some	
  limita#ons	
  

•  Adopted	
  a	
  discrete	
  distribu#on	
  to	
  
approximate	
  levels	
  of	
  par#al	
  non-­‐compliance	
  

•  Simulated	
  only	
  a	
  subset	
  of	
  non-­‐compliant	
  
scenarios	
  


