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ABSTRACT	  

	  

Approximately	  4.2	  million	  Canadian	  adults	  suffer	  from	  a	  physical	  or	  psychological	  

disability,	  of	  whom	  up	  to	  30%	  suffer	  from	  depression.	  Those	  receiving	  disability	  

benefits	  versus	  those	  not	  receiving	  benefits	  may	  be	  at	  greater	  risk	  of	  unsatisfactory	  

outcomes	  because	  their	  circumstances	  or	  psychological	  status	  may	  interfere	  with	  

successful	  implementation	  of	  standard	  therapies.	  This	  thesis	  addresses	  the	  

effectiveness	  of	  therapies	  for	  depression	  in	  patients	  receiving	  disability	  benefits,	  

using	  an	  individual	  patient	  data	  meta-‐analysis	  of	  all	  published	  randomized	  

controlled	  trials	  evaluating	  Cognitive	  Behavioural	  Therapy	  and	  a	  secondary	  analysis	  

of	  an	  administrative	  database	  from	  a	  large,	  private,	  Canadian	  insurer.	  Additionally,	  

this	  thesis	  addresses	  an	  important	  methodological	  issue:	  assessing	  the	  impact	  of	  

missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  reviews.	  Missing	  

participant	  data	  may	  bias	  results	  of	  individual	  trials	  or	  systematic	  reviews	  of	  

individual	  trials	  if	  participants	  with	  missing	  data	  have	  different	  expected	  outcomes	  

from	  those	  with	  available	  data.	  No	  methods	  have	  been	  proposed	  for	  investigating	  

the	  extent	  to	  which	  missing	  participant	  data	  for	  continuous	  outcomes	  might	  bias	  the	  

results	  of	  systematic	  reviews,	  and	  this	  thesis	  addresses	  that	  gap.	  
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CHAPTER	  1	  

OBJECTIVES	  
	  

Fourteen	  percent	  (4.2	  million)	  of	  Canadian	  adults	  reported	  that	  they	  suffered	  from	  a	  

physical	  or	  psychological	  disability	  in	  2006	  [1],	  of	  whom	  approximately	  30%	  suffer	  

from	  depression	  [2].	  Depression	  accounts	  for	  an	  estimated	  productivity	  loss	  of	  $14.4	  

billion	  annually	  in	  Canada	  [3,4,5,6],	  and	  the	  World	  Health	  Organization	  (WHO)	  

estimates	  that	  depression	  will	  become	  the	  second	  leading	  cause	  of	  disease	  burden	  

worldwide	  by	  the	  year	  2020	  [7,8,9].	  

	  

Based	  on	  the	  level	  of	  impairment,	  individuals	  suffering	  from	  depression	  may	  be	  

eligible	  to	  receive	  financial	  compensation.	  In	  Canada	  and	  most	  industrialized	  

countries,	  individuals	  suffering	  from	  depression	  are	  typically	  insured	  for	  wages	  lost	  as	  

a	  result	  of	  being	  off	  work.	  Most	  of	  the	  individuals	  who	  are	  accepted	  for	  wage	  

replacement	  benefits	  recover	  and	  return	  to	  work	  in	  a	  timely	  manner.	  However,	  

approximately	  10%	  of	  individuals	  receiving	  benefits	  do	  not	  return	  to	  work,	  and	  they	  

account	  for	  65%	  to	  75%	  of	  resources	  spent	  on	  disability	  claims	  [10,11,12,13].	  

Compared	  to	  other	  disorders,	  depression	  incurs	  more	  costs	  for	  long-‐term	  disability	  

(LTD)	  [14],	  requires	  more	  complex	  treatment	  [15],	  and	  individuals	  have	  more	  

difficulty	  returning	  to	  work	  [15].	  Despite	  the	  magnitude	  of	  the	  problem	  of	  depression	  
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and	  disability,	  the	  effectiveness	  of	  treatments	  for	  depression	  in	  patients	  receiving	  

disability	  benefits	  has	  received	  little	  attention.	  	  

	  

Cognitive	  Behavioural	  Therapy	  (CBT)	  is	  one	  of	  the	  most	  common	  non-‐

pharmacological	  methods	  of	  treating	  depression	  [16,17].	  CBT	  may	  be	  less	  effective	  in	  

subpopulations	  of	  patients	  whose	  circumstances	  or	  psychological	  status	  interferes	  

with	  the	  successful	  implementation	  of	  CBT	  [18].	  There	  has	  been	  limited	  attention	  on	  

the	  effectiveness	  of	  CBT	  in	  patients	  with	  depression	  who	  are	  in	  receipt	  of	  wage	  

replacement	  benefits.	  Given	  that	  depression	  is	  the	  most	  frequent	  and	  costly	  mental	  

illness	  for	  insurers	  [19],	  and	  CBT	  is	  one	  of	  the	  most	  frequently	  reimbursed	  therapies	  

for	  depression	  by	  private	  insurances	  [20],	  it	  is	  important	  to	  ascertain	  if	  CBT	  

represents	  a	  worthwhile	  expenditure	  of	  time	  and	  energy	  for	  depressed	  patients,	  and	  a	  

good	  investment	  for	  the	  insurance	  industry	  and	  society	  in	  general.	  

	  

This	  thesis	  is	  based	  on	  a	  series	  of	  papers,	  published	  or	  submitted	  for	  publication,	  

addressing	  issues	  related	  to	  determining	  optimal	  management	  of	  patients	  in	  receipt	  of	  

disability	  benefits.	  The	  first	  two	  papers	  focus	  on	  the	  effectiveness	  of	  CBT	  and	  

psychotherapy	  in	  general	  in	  managing	  patients	  in	  receipt	  of	  disability	  benefits	  

secondary	  to	  depression.	  	  
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Chapters	  2	  to	  7	  correspond	  to	  different	  sections	  of	  the	  first	  paper	  (published	  in	  PLoS	  

ONE)	  [21],	  which	  presents	  a	  systematic	  review	  and	  an	  individual	  patient	  data	  meta-‐

analysis	  (IPDMA)	  of	  all	  randomized	  controlled	  trials	  evaluating	  the	  effectiveness	  of	  

CBT	  for	  depression	  in	  patients	  receiving	  disability	  benefits.	  Our	  primary	  question	  was:	  

does	  the	  effect	  of	  CBT	  vary	  by	  disability	  status?	  	  This	  was	  a	  challenging	  review	  to	  

conduct,	  as	  we	  first	  identified	  no	  studies	  that	  addressed	  this	  question.	  We	  contacted	  

all	  the	  authors	  of	  the	  potentially	  eligible	  trials	  evaluating	  CBT	  to	  inquire	  if	  any	  of	  them	  

captured	  disability	  benefit	  status	  but	  did	  not	  report	  it	  in	  their	  published	  report.	  A	  few	  

did.	  We	  were	  able	  to	  successfully	  obtain	  their	  data,	  which	  helped	  us	  conduct	  a	  more	  

powerful	  individual	  patient	  data	  meta-‐analysis	  to	  inform	  our	  question.	  	  

	  

Chapters	  8	  to	  13	  correspond	  to	  different	  sections	  of	  the	  second	  paper,	  which	  

presents	  a	  secondary	  analysis	  of	  an	  administrative	  database	  from	  a	  large	  Canadian	  

private	  disability	  insurer	  to	  evaluate	  the	  association	  between	  the	  provision	  of	  

psychotherapy	  and	  other	  potential	  predictors,	  and	  short-‐term	  disability	  (STD)	  and	  

long-‐term	  disability	  (LTD)	  claim	  closure.	  We	  analyzed	  4	  years	  of	  data	  consisting	  of	  

20,846	  claimants	  with	  depression.	  This	  was	  the	  largest	  study	  of	  its	  kind	  to	  explore	  this	  

question.	  

	  

This	  thesis	  also	  provided	  an	  opportunity	  to	  address	  important	  methodological	  issues:	  

addressing	  the	  impact	  of	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  
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systematic	  reviews.	  Randomized	  controlled	  trials	  often	  exclude	  populations	  receiving	  

disability	  benefits	  as	  patients’	  disability	  largely	  prevent	  participation	  in	  studies	  that	  

require	  frequent	  clinic	  visit	  for	  therapy	  or	  treatment.	  When	  these	  patients	  are	  

included,	  a	  significant	  number	  may	  drop	  out	  of	  studies	  due	  to	  various	  reasons.	  For	  

example,	  in	  my	  first	  paper,	  the	  systematic	  review	  and	  IPDMA	  evaluating	  effectiveness	  

of	  CBT	  for	  depression	  in	  patients	  receiving	  disability	  benefits,	  the	  median	  missing	  

participant	  data	  rate	  was	  21%,	  with	  one	  study	  having	  41%	  missing	  participant	  data.	  If	  

participants	  with	  missing	  data	  have	  different	  expected	  outcomes	  from	  those	  with	  

available	  data,	  it	  may	  introduce	  bias	  in	  the	  results	  of	  the	  individual	  trials	  and	  of	  

systematic	  reviews	  using	  those	  results.	  	  

	  

There	  are	  currently	  no	  methods	  [proposed]	  for	  investigating	  the	  extent	  to	  which	  

missing	  participant	  data	  for	  continuous	  outcomes	  may	  bias	  the	  results	  of	  systematic	  

reviews.	  The	  third	  and	  fourth	  papers	  in	  this	  thesis	  address	  this	  gap.	  Although	  this	  

issue	  arose	  when	  pooling	  depression	  outcomes	  (Beck	  Depression	  Inventory	  II)	  for	  my	  

IPDMA,	  our	  approach	  is	  generalizable	  to	  systematic	  reviews	  pooling	  positive	  trials	  

(i.e.,	  those	  with	  a	  significant	  treatment	  effect)	  with	  continuous	  data	  across	  all	  clinical	  

disciplines.	  

	  	  

Chapters	  14	  to	  19	  correspond	  to	  the	  different	  sections	  of	  the	  third	  paper,	  a	  guide	  for	  

systematic	  reviewers	  for	  addressing	  continuous	  data	  for	  participants	  excluded	  from	  
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trial	  analysis.	  This	  guidance	  involves	  an	  initial	  complete	  case	  analysis	  (analyzing	  those	  

with	  available	  data)	  and	  a	  series	  of	  sensitivity	  analyses	  making	  progressively	  more	  

stringent	  assumptions	  about	  results	  of	  patients	  with	  missing	  data.	  Our	  approach	  also	  

addresses	  the	  implications	  of	  findings	  to	  inferences	  regarding	  risk	  of	  bias,	  and	  is	  

compatible	  with	  the	  GRADE/Cochrane	  handbook	  guidance	  for	  addressing	  confidence	  

in	  estimates	  [22,23].	  

	  

Chapters	  20	  to	  23	  correspond	  to	  the	  different	  sections	  of	  the	  fourth	  paper,	  which	  

addresses	  an	  important	  limitation	  of	  our	  proposed	  approach	  in	  the	  third	  paper:	  

restriction	  to	  systematic	  reviews	  in	  which	  each	  trial	  used	  the	  same	  instrument	  to	  

measure	  continuous	  outcome	  data.	  We	  extend	  our	  approach	  to	  systematic	  reviews	  

pooling	  trials	  using	  different	  instruments	  measuring	  the	  same	  construct.	  We	  provide	  

detailed	  guidance	  on	  how	  systematic	  review	  authors	  can	  first	  convert	  scores	  from	  all	  

instruments	  to	  units	  on	  the	  most	  familiar	  and	  responsive	  instrument,	  and	  then	  apply	  

the	  imputation	  strategies	  to	  address	  missing	  participant	  data.	  As	  well,	  we	  have	  

provided	  guidance	  on	  how	  to	  enhance	  interpretability	  by	  calculating	  important	  

treatment	  effects	  from	  the	  derived	  estimates	  using	  the	  minimally	  important	  difference	  

(MID),	  the	  smallest	  difference	  that	  patients	  experience	  as	  important.	  	  

	  

Chapter	  24	  summarizes	  the	  most	  important	  findings,	  addresses	  limitations,	  and	  

discusses	  future	  directions	  from	  this	  work.	  
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CHAPTER	  2	  

ABSTRACT	  
	  

Objectives:	  To	  systematically	  summarize	  the	  randomized	  trial	  evidence	  regarding	  the	  

relative	  effectiveness	  of	  cognitive	  behavioural	  therapy	  (CBT)	  in	  patients	  with	  

depression	  in	  receipt	  of	  disability	  benefits	  in	  comparison	  to	  those	  not	  receiving	  

disability	  benefits.	  

Data	  Sources:	  All	  relevant	  RCTs	  from	  a	  database	  of	  randomized	  controlled	  and	  

comparative	  studies	  examining	  the	  effects	  of	  psychotherapy	  for	  adult	  depression	  

(http://www.evidencebasedpsychotherapies.org),	  electronic	  databases	  (MEDLINE,	  

EMBASE,	  PSYCINFO,	  AMED,	  CINAHL	  and	  CENTRAL)	  to	  June	  2011,	  and	  bibliographies	  

of	  all	  relevant	  articles.	  

Study	  Eligibility	  Criteria,	  participants	  and	  interventions:	  Adult	  patients	  with	  

major	  depression,	  randomly	  assigned	  to	  CBT	  versus	  minimal/no	  treatment	  or	  care-‐as-‐

usual.	  	  

Study	  Appraisal	  and	  synthesis	  methods:	  Three	  teams	  of	  reviewers,	  independently	  

and	  in	  duplicate,	  completed	  title	  and	  abstract	  screening,	  full	  text	  review	  and	  data	  

extraction.	  We	  performed	  an	  individual	  patient	  data	  meta-‐analysis	  to	  summarize	  data.	  

Results:	  Of	  92	  eligible	  trials,	  70	  provided	  author	  contact	  information;	  of	  these	  56	  

(80%)	  were	  successfully	  contacted	  to	  establish	  if	  they	  captured	  receipt	  of	  benefits	  as	  a	  
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baseline	  characteristic;	  8	  recorded	  benefit	  status,	  and	  3	  enrolled	  some	  patients	  in	  

receipt	  of	  benefits,	  of	  which	  2	  provided	  individual	  patient	  data.	  Including	  both	  

patients	  receiving	  and	  not	  receiving	  disability	  benefits,	  2	  trials	  (227	  patients)	  

suggested	  a	  possible	  reduction	  in	  depression	  with	  CBT,	  as	  measured	  by	  the	  Beck	  

Depression	  Inventory-‐II,	  mean	  difference	  [MD]	  (95%	  confidence	  interval	  [CI])	  =	  -‐2.61	  

(-‐5.28,	  0.07),	  p=0.06;	  minimally	  important	  difference	  of	  5.	  The	  effect	  appeared	  larger,	  

though	  not	  significantly,	  in	  those	  in	  receipt	  of	  benefits	  (34	  patients)	  versus	  not	  

receiving	  benefits	  (193	  patients);	  MD	  (95%	  CI)	  =	  -‐4.46	  (-‐12.21,	  3.30),	  p=0.26.	  

Conclusions:	  Our	  data	  does	  not	  support	  the	  hypothesis	  that	  CBT	  has	  smaller	  effects	  in	  

depressed	  patients	  receiving	  disability	  benefits	  versus	  other	  patients.	  Given	  that	  the	  

confidence	  interval	  is	  wide,	  a	  decreased	  effect	  is	  still	  possible,	  though	  if	  the	  difference	  

exists,	  it	  is	  likely	  to	  be	  small.	  	  	  

	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

14	  

	  

CHAPTER	  3	  

INTRODUCTION	  
	  

Major	  Depressive	  Disorder	  (henceforth	  referred	  to	  as	  depression)	  results	  in	  immense	  

human	  suffering	  and	  an	  enormous	  socioeconomic	  burden.	  Depression	  accounts	  for	  

11%	  of	  disability	  worldwide	  and	  an	  estimated	  productivity	  loss	  of	  $17	  to	  $44	  billion	  

in	  the	  USA	  [1,2].	  Depression	  is	  expected	  to	  become	  the	  second	  leading	  cause	  of	  disease	  

burden	  worldwide	  by	  the	  year	  2020	  [3].	  

	  

The	  National	  Institute	  for	  Health	  and	  Clinical	  Excellence	  (NICE)	  in	  the	  UK	  

recommends	  that	  health	  care	  professionals	  provide	  pharmacological	  treatments	  

and/or	  high-‐intensity	  psychological	  interventions	  for	  individuals	  suffering	  from	  

depression.	  Pharmacological	  treatments	  may	  accelerate	  recovery	  from	  depression,	  

particularly	  when	  symptoms	  are	  severe	  [4]	  and,	  over	  the	  last	  few	  decades,	  their	  use	  

has	  increased	  dramatically	  in	  Western	  nations	  [5,6].	  NICE	  guidelines	  suggest	  

psychological	  therapies	  should	  be	  offered	  to	  individuals	  suffering	  from	  persistent	  

subthreshold	  symptoms	  of	  depression,	  mild	  to	  moderate	  depression,	  and	  those	  with	  a	  

high	  risk	  of	  relapse	  or	  those	  declining	  pharmacological	  treatment	  for	  severe	  

depression	  [5,6].	  
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Cognitive	  Behavioral	  Therapy	  (CBT)	  is	  a	  common	  non-‐pharmacological	  treatment	  for	  

depression	  [5,7].	  CBT	  is	  based	  on	  three	  fundamental	  propositions:	  cognitive	  activity	  

affects	  behavior,	  cognitive	  activity	  can	  be	  monitored	  and	  altered,	  and	  desired	  behavior	  

change	  may	  be	  affected	  through	  cognitive	  change	  [7].	  Twelve	  systematic	  reviews	  

evaluating	  CBT	  in	  individuals	  suffering	  from	  depression	  have	  demonstrated	  that	  CBT	  

reduces	  depressive	  symptoms	  [8,9,10,11,12,13,14,15,16,17,18,19],	  with	  the	  most	  

current	  and	  rigorous	  meta-‐analysis	  reporting	  a	  pooled	  standardized	  mean	  difference	  

(SMD)	  of	  0.69	  (95%	  confidence	  interval	  [CI]	  of	  0.59	  to	  0.79)	  [13].	  

	  

In	  North	  America,	  depression	  is	  one	  of	  the	  most	  frequent	  reasons	  for	  receiving	  

disability	  benefits	  [20,21],	  and	  disability	  claims	  for	  mental	  health	  disorders	  incur	  

greater	  costs	  compared	  to	  other	  disorders	  [22].	  In	  those	  receiving	  disability	  benefits,	  

individuals	  suffering	  from	  mental	  health	  disorders	  require	  more	  treatment	  and	  have	  

greater	  difficulty	  returning	  to	  work	  than	  those	  suffering	  from	  other	  conditions	  [23].	  

Although	  CBT	  is	  one	  of	  the	  most	  frequently	  reimbursed	  therapies	  by	  insurers,	  its	  

utilization	  by	  insurance	  companies	  still	  remains	  relatively	  low	  at	  approximately	  3%	  

for	  short-‐term	  disability	  claimants	  and	  15%	  for	  long-‐term	  disability	  claimants	  [24].	  	  

	  

CBT	  may	  be	  less	  effective,	  or	  ineffective,	  in	  patients	  receiving	  disability	  benefits,	  

because	  their	  circumstances	  or	  psychological	  status	  may	  interfere	  with	  its	  successful	  

implementation	  [25].	  This	  may	  also	  be	  associated	  with	  the	  compensation	  process	  [26],	  
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secondary	  gain	  from	  financial	  benefits	  (benefits	  of	  assuming	  a	  sick	  role)	  [27],	  or	  the	  

adversarial	  nature	  of	  litigation	  [28].	  A	  recent	  meta-‐analysis	  of	  129	  studies	  in	  surgical	  

populations	  that	  found	  a	  substantially	  greater	  risk	  of	  an	  unsatisfactory	  outcome	  

(functional,	  quality	  of	  life,	  pain	  and	  patient	  satisfaction)	  after	  surgery	  in	  compensated	  

patients	  (odds	  ratio	  [95%	  CI]	  =	  3.79	  [3.28	  to	  4.37])	  provides	  indirect	  evidence	  for	  this	  

hypothesis	  [29].	  The	  effectiveness	  of	  CBT	  for	  depression	  in	  patients	  receiving	  

disability	  benefits	  has	  received	  little	  attention.	  	  	  
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CHAPTER	  4	  

OBJECTIVES	  AND	  QUESTIONS	  
	  

4.1	   Objectives	  

The	  purpose	  of	  our	  study	  was	  to	  perform	  a	  systematic	  review	  and	  an	  individual	  

patient	  data	  meta-‐analysis	  of	  all	  randomized	  controlled	  trials	  (RCTs)	  that	  compared	  

the	  effectiveness	  of	  CBT	  to	  minimal/no	  treatment,	  or	  care-‐as-‐usual,	  in	  patients	  with	  

depression	  receiving	  versus	  those	  not	  receiving	  disability	  benefits.	  

	  

4.2	   Questions	  

In	  adult	  patients	  with	  depression,	  is	  there	  a	  difference	  in	  the	  effect	  of	  CBT	  on	  

depression	  between	  those	  receiving	  disability	  benefits	  compared	  to	  those	  not	  

receiving	  disability	  benefits?	  	  
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CHAPTER	  5	  

METHODS	  
	  

We	  used	  the	  PRISMA	  guidelines	  [30]	  to	  report	  our	  findings.	  

	  

5.1	   Protocol	  and	  registration	  

We	  developed	  a	  protocol	  prior	  to	  conducting	  the	  study	  but	  did	  not	  register	  it.	  	  

	  

5.2	  	   Eligibility	  criteria	  

Eligible	  studies	  met	  the	  following	  criteria:	  1)	  random	  allocation	  of	  adult	  patients	  to	  

CBT	  or	  a	  control	  arm	  consisting	  of	  minimal/no	  treatment,	  treatment	  as	  usual	  (TAU)	  or	  

pharmacotherapy	  if	  it	  was	  equally	  balanced	  in	  the	  treatment	  groups	  (e.g.	  CBT	  plus	  

pharmacotherapy	  versus	  pharmacotherapy	  alone),	  and	  2)	  inclusion	  of	  patients	  with	  

depression,	  classified	  as	  Major	  Depressive	  Disorder	  by	  any	  edition	  of	  the	  Diagnostic	  

and	  Statistical	  Manual	  (DSM),	  International	  Classification	  of	  Diseases	  (ICD),	  Research	  

Diagnostic	  Criteria	  (RDC)	  or	  other	  diagnostic	  system	  [31].	  
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5.3	   Information	  sources	  

We	  identified	  all	  relevant	  RCTs	  from	  a	  database	  of	  randomized	  controlled	  trials	  and	  

comparative	  studies	  examining	  the	  effects	  of	  psychotherapy	  for	  adult	  depression	  

(http://www.evidencebasedpsychotherapies.org)	  [32].	  This	  database	  consisted	  of	  

281	  trials	  and	  was	  identified	  from	  searching	  the	  following	  electronic	  databases	  in	  all	  

languages:	  PUBMED,	  EMBASE,	  PsycINFO	  and	  Cochrane	  Central	  Register	  of	  Controlled	  

Trials,	  from	  inception	  until	  January	  1,	  2011	  [11].	  In	  addition	  to	  the	  281	  trials,	  we	  

updated	  the	  search	  with	  the	  assistance	  of	  an	  experienced	  academic	  librarian	  (RC)	  

until	  June	  13,	  2011	  for	  each	  electronic	  database,	  and	  also	  searched	  AMED	  and	  

CINAHL.	  We	  hand	  searched	  the	  reference	  lists	  of	  all	  relevant	  RCTs	  for	  additional	  

eligible	  trials.	  

	  

5.4	   Search	  

Appendix	  A	  presents	  our	  search	  strategy	  including	  keywords	  and	  MESH	  headings.	  	  

	  

5.5	   Study	  selection	  

Three	  teams	  of	  reviewers	  (SE,	  SH,	  LM,	  WT,	  MK,	  ACL)	  worked	  in	  pairs	  and	  screened	  

titles	  and	  abstracts	  of	  identified	  citations,	  independently	  and	  in	  duplicate,	  using	  a	  

standardized,	  pilot-‐tested	  screening	  form.	  The	  same	  reviewers	  independently	  applied	  

eligibility	  criteria	  to	  the	  full	  text	  of	  potentially	  eligible	  studies.	  One	  psychiatrist	  (IPS)	  

and	  one	  psychologist	  (RM),	  blinded	  to	  study	  results,	  independently	  reviewed	  and	  
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confirmed	  eligibility	  of	  therapies	  that	  were	  not	  explicitly	  described	  by	  trial	  authors	  as	  

CBT.	  We	  measured	  agreement	  for	  the	  full	  text	  review	  stage,	  and	  interpreted	  the	  

agreement	  statistics	  using	  the	  guidelines	  proposed	  by	  Landis	  and	  Koch	  [33].	  Kappa	  

values	  of	  0	  to	  0.20	  represented	  slight	  agreement,	  0.21	  to	  0.40	  fair	  agreement,	  0.41	  to	  

0.60	  moderate	  agreement,	  0.61	  to	  0.80	  substantial	  agreement,	  and	  greater	  than	  0.80	  

almost	  perfect	  agreement.	  	  

	  

Reviewers	  grouped	  eligible	  articles	  into	  one	  of	  the	  four	  categories:	  (i)	  studies	  that	  did	  

not	  explicitly	  state	  if	  they	  included	  or	  excluded	  patients	  receiving	  disability	  benefits,	  

(ii)	  studies	  that	  explicitly	  excluded	  patients	  receiving	  disability	  benefits,	  (iii)	  studies	  

that	  explicitly	  included	  patients	  receiving	  disability	  benefits	  but	  did	  not	  separately	  

report	  outcomes	  based	  on	  receipt	  of	  disability	  benefits,	  and	  (iv)	  studies	  that	  explicitly	  

included	  patients	  receiving	  disability	  benefits	  and	  reported	  outcomes	  separately	  

based	  on	  receipt	  of	  disability	  benefits.	  Disability	  benefits	  were	  defined	  as	  wage	  

replacement	  benefits	  administered	  by	  a	  third	  party	  (e.g.	  insurer).	  	  

	  

5.6	   Contacting	  authors	  of	  eligible	  studies	  

We	  identified	  88	  studies	  in	  category	  i,	  4	  in	  category	  iii,	  and	  none	  in	  either	  category	  ii	  

or	  iv.	  Contact	  information	  was	  not	  reported	  and	  not	  available	  through	  an	  Internet	  

search	  for	  authors	  of	  22	  (24%)	  trials.	  We	  attempted	  to	  contact	  authors	  of	  the	  
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remaining	  70	  trials	  by	  email	  and	  requested	  information	  on	  whether	  they	  had	  an	  

eligibility	  stipulation	  for	  disability	  status.	  If	  authors	  included	  patients	  on	  disability	  

benefits,	  we	  requested	  their	  trial	  data	  to	  facilitate	  an	  individual	  patient	  data	  meta-‐

analysis	  (IPDMA).	  To	  maintain	  patient	  confidentiality,	  authors	  removed	  any	  personal	  

identifiers	  from	  their	  dataset	  prior	  to	  transferring	  it	  to	  our	  center.	  We	  clarified	  

uncertainties	  or	  discrepancies	  in	  the	  data	  sets	  with	  the	  study	  authors	  and	  combined	  

individual	  patient	  data	  for	  variables	  that	  were	  similar	  across	  the	  trials.	  Based	  on	  

authors’	  replies,	  we	  classified	  studies	  into	  four	  groups:	  (A)	  those	  that	  did	  have	  some	  

data	  specific	  to	  patients	  on	  disability	  benefits,	  (B)	  those	  that	  confirmed	  that	  they	  had	  

no	  patients	  on	  disability	  benefits,	  (C)	  those	  that	  did	  not	  have	  an	  eligibility	  criterion	  for	  

disability	  status	  and	  did	  not	  collect	  information	  on	  disability	  status,	  and	  (D)	  unknown	  

or	  did	  not	  respond.	  

	  

5.7	   Data	  collection	  process	  

Using	  piloted	  standardized	  forms	  and	  a	  detailed	  instruction	  manual	  to	  extract	  data,	  

the	  same	  teams	  of	  reviewers	  extracted	  data,	  independently	  and	  in	  duplicate,	  from	  

studies	  in	  groups	  A	  and	  B.	  We	  did	  not	  abstract	  data	  from	  groups	  C	  and	  D.	  	  

	  

Data	  abstracted	  included	  patient	  characteristics,	  treatment	  effect	  on	  depression,	  

frequency	  and	  timing	  of	  follow-‐up,	  details	  of	  depression	  (including	  diagnostic	  
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classification	  system	  used,	  severity	  of	  depression,	  and	  duration	  of	  depression),	  and	  

CBT	  intervention	  details	  (including	  the	  type	  of	  CBT	  administered,	  expertise	  of	  

providers	  administering	  CBT,	  and	  frequency	  of	  CBT).	  Reviewers	  abstracted	  data	  from	  

the	  following	  study	  arms:	  CBT,	  TAU	  and	  minimal	  or	  no	  treatment.	  Data	  comparing	  

CBT	  only	  to	  active	  comparators	  were	  not	  abstracted,	  unless	  the	  active	  comparator	  

was	  equally	  balanced	  between	  both	  the	  treatment	  and	  control	  group.	  

	  

5.8	   Risk	  of	  Bias	  within	  studies	  

Using	  a	  modified	  Cochrane	  risk	  of	  bias	  instrument,	  reviewers	  assessed	  risk	  of	  bias	  for	  

each	  eligible	  trial	  on	  the	  following	  domains:	  sequence	  generation;	  allocation	  

concealment;	  blinding	  of	  participants,	  investigators,	  data	  collectors,	  outcome	  

assessors,	  and	  data	  analysts;	  incomplete	  outcome	  data;	  selective	  outcome	  reporting;	  

and	  other	  sources	  of	  bias	  (e.g.	  bias	  of	  study	  design,	  trial	  stopped	  early,	  extreme	  

baseline	  imbalance,	  and	  fraudulent	  trial)	  [34,35].	  Reviewers	  used	  response	  options	  of	  

“definitely	  yes”,	  “probably	  yes”,	  “probably	  no”,	  and	  “definitely	  no”	  with	  definitely	  and	  

probably	  yes	  ultimately	  assigned	  high	  risk	  of	  bias	  and	  probably	  and	  definitely	  no	  

assigned	  low	  risk	  of	  bias	  [35].	  The	  reviewers	  resolved	  disagreements	  by	  discussion,	  

and	  an	  arbitrator	  (JWB)	  adjudicated	  any	  remaining	  conflicts.	  	  
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5.9	   Synthesis	  of	  results	  

For	  our	  IPDMA,	  we	  compared	  the	  effects	  (mean	  difference)	  of	  CBT	  on	  depression,	  

measured	  by	  the	  most	  commonly	  reported	  instrument	  [Beck	  Depression	  Inventory	  

(BDI-‐II)],	  in	  patients	  receiving	  disability	  benefits	  versus	  patients	  not	  receiving	  

disability	  benefits.	  We	  used	  a	  one-‐stage	  method	  [36],	  and	  included	  the	  following	  

variables	  in	  our	  model:	  study	  arm,	  receipt	  of	  disability	  benefits,	  interaction	  term	  of	  

study	  arm	  and	  receipt	  of	  disability	  benefits,	  trial	  as	  a	  categorical	  variable,	  age	  and	  

baseline	  BDI-‐II	  score.	  To	  guard	  against	  multiplicity	  of	  data	  [37],	  we	  used	  the	  most	  

common	  follow-‐up	  time	  point	  of	  3	  months	  for	  our	  analysis.	  

	  

Our	  secondary	  analyses	  evaluated	  whether	  there	  were	  differences	  in	  patients	  not	  in	  

receipt	  of	  disability	  benefits	  between	  trials	  that	  included	  patients	  in	  receipt	  of	  

disability	  benefits	  (group	  A)	  and	  trials	  with	  aggregate	  data	  that	  did	  not	  include	  

patients	  receiving	  disability	  benefits	  (group	  B).	  We	  compared	  the	  following:	  1)	  the	  

effects	  of	  CBT	  between	  group	  A	  and	  B;	  2)	  the	  effects	  of	  CBT	  between	  group	  A	  and	  B	  

that	  compared	  CBT	  plus	  pharmacotherapy	  versus	  pharmacotherapy	  alone;	  3)	  the	  

effects	  of	  CBT	  between	  group	  A	  and	  B	  that	  compared	  CBT	  to	  TAU.	  

	  

For	  our	  secondary	  analyses,	  we	  used	  the	  2-‐stage	  method	  [38].	  In	  the	  first	  stage,	  we	  

aggregated	  the	  IPD	  data	  of	  the	  patients	  not	  receiving	  disability	  benefits	  in	  group	  A	  and	  
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in	  the	  second	  stage,	  pooled	  the	  aggregate	  data	  of	  studies	  in	  group	  A	  and	  B	  using	  a	  

random-‐effects	  model.	  

	  

We	  used	  the	  means	  and	  standard	  deviations	  (SDs)	  of	  the	  end	  of	  study	  scores	  for	  our	  

secondary	  pooled	  analyses.	  To	  pool	  data	  across	  trials	  and	  to	  facilitate	  interpretation	  

for	  clinicians	  and	  other	  stakeholders,	  we	  calculated	  the	  mean	  difference	  (MD)	  and	  its	  

associated	  95%	  confidence	  interval	  (CI)	  of	  the	  natural	  units	  of	  the	  most	  familiar	  

instrument	  across	  trials,	  the	  BDI-‐II.	  For	  this	  calculation,	  we	  used	  the	  following	  

formulas	  to	  convert	  mean	  estimates	  (M)	  and	  standard	  deviations	  (SD)	  into	  the	  scale	  of	  

the	  most	  familiar	  instrument:	  MA	  =	  (MB	  -‐	  LB)	  (RA/RB)	  +	  LA	  and	  SDA	  =	  SDB	  (RA/RB)	  +	  LA,	  

where	  A	  represented	  the	  most	  familiar	  instrument	  and	  B	  represented	  the	  alternative	  

instrument,	  LA	  and	  LB	  represent	  the	  lower	  limits	  of	  instrument	  A	  and	  B	  respectively,	  

and	  RA	  and	  RB	  represented	  the	  ranges	  for	  instruments	  A	  and	  B	  respectively	  [39].	  	  

	  

We	  examined	  heterogeneity	  using	  both	  a	  chi-‐squared	  test	  and	  the	  I2	  statistic	  [40].	  

Heterogeneity	  defined	  by	  an	  I2	  of	  0%	  to	  40%	  was	  interpreted	  as	  ‘might	  not	  be	  

important’,	  30%	  to	  60%	  as	  ‘moderate	  heterogeneity’,	  50%	  to	  90%	  as	  ‘substantial	  

heterogeneity’,	  and	  75%	  to	  100%	  as	  ‘considerable	  heterogeneity’	  [40].	  We	  generated	  

the	  following	  a	  priori	  hypotheses	  to	  explain	  variability	  between	  studies	  in	  our	  

secondary	  analyses:	  studies	  using	  in-‐person	  CBT	  will	  have	  greater	  effects	  than	  studies	  
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using	  computer	  administered-‐CBT,	  and	  studies	  with	  high	  risk	  of	  bias	  will	  demonstrate	  

larger	  effects	  compared	  to	  studies	  with	  low	  risk	  of	  bias.	  	  

	  

We	  performed	  analyses	  using	  SPSS	  version	  20	  and	  the	  Cochrane	  Collaboration	  Review	  

Manager	  software	  (RevMan	  version	  5.1.2).	  
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CHAPTER	  6	  

RESULTS	  
	  

6.1	   Study	  selection	  

We	  screened	  977	  citations	  and	  retrieved	  421	  articles	  in	  full	  text;	  329	  studies	  did	  not	  

meet	  inclusion	  criteria	  and	  92	  trials	  were	  deemed	  eligible.	  The	  kappa	  (95%	  CI)	  

chance-‐corrected	  agreement	  on	  assessing	  full	  text	  eligibility	  was	  0.74	  (0.66	  to	  0.81),	  

representing	  substantial	  agreement.	  	  

	  

After	  establishing	  author	  contact	  for	  56	  of	  the	  70	  trials	  for	  which	  we	  acquired	  contact	  

information,	  we	  found	  that	  45	  trials	  did	  not	  have	  an	  eligibility	  criterion	  based	  on	  

disability	  benefit	  status	  or	  collect	  information	  on	  disability	  status,	  6	  trials	  did	  not	  

enrol	  any	  patients	  in	  receipt	  of	  disability	  benefits,	  and	  5	  trials	  enrolled	  some	  patients	  

in	  receipt	  of	  disability	  benefits.	  Authors	  of	  4	  of	  the	  5	  trials	  that	  included	  patients	  in	  

receipt	  of	  disability	  benefits	  agreed	  to	  provide	  individual	  patient	  data.	  Two	  of	  these	  

trials	  combined	  patients	  who	  were	  disabled	  with	  unemployed	  and	  retired	  individuals	  

and	  information	  specific	  to	  receipt	  of	  disability	  benefits	  were	  uncertain;	  these	  trials	  

were	  therefore	  excluded	  from	  our	  IPDMA.	  Our	  primary	  analysis	  consisted	  of	  the	  2	  

remaining	  trials	  that	  included	  some	  patients	  in	  receipt	  of	  disability	  benefits	  [41,42],	  

and	  our	  secondary	  analyses	  consisted	  of	  8	  trials,	  i.e.,	  6	  trials	  that	  did	  not	  enrol	  any	  
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patients	  in	  receipt	  of	  disability	  benefits	  [43,44,45,46,47,48],	  and	  2	  trials	  that	  included	  

some	  patients	  in	  receipt	  of	  disability	  benefits	  (Figure	  6.1)	  [41,42].	  	  

	  

6.2	   Study	  characteristics	  

Seven	  studies	  were	  parallel	  group	  RCTs	  [41,42,43,44,45,46,47],	  and	  one	  was	  a	  cluster	  

RCT	  [48].	  Table	  6.1	  describes	  the	  characteristics	  of	  the	  8	  eligible	  trials,	  and	  Table	  6.2	  

provides	  details	  regarding	  their	  interventions.	  	  

	  

6.3	   Risk	  of	  bias	  within	  studies	  

Protection	  against	  bias	  was	  generally	  poor	  (Figure	  6.2).	  All	  8	  trials	  reported	  loss	  to	  

follow-‐up	  (LTFU),	  ranging	  from	  4%	  to	  40%.	  Four	  trials	  excluded	  those	  LTFU	  and	  

performed	  a	  complete	  case	  analysis	  [41,42,43,48],	  2	  used	  the	  last	  observation	  carried	  

forward	  [44,46],	  1	  used	  multiple	  imputation	  (56),	  and	  1	  did	  not	  report	  an	  approach	  

[47].	  

	  

6.4	   IPDMA	  

Two	  trials	  including	  data	  on	  patients	  receiving	  disability	  benefits	  enrolled	  a	  total	  of	  

227	  patients;	  34	  in	  receipt	  of	  disability	  benefits	  and	  193	  not	  receiving	  disability	  	  
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Figure	  6.1:	  Flow	  chart	  of	  study	  eligibility	  
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Table	  6.1:	  Characteristics	  of	  CBT	  studies	  

Study	  

	  	   Sample	  size	   Age	  (mean	  +	  SD)	  

Patient	  
Population	  

Treatment	  
group	   Control	  group	  

Depression	  
outcomes	  reported	  

Included	  
patients	  on	  
disability	  
benefits	  Country	   CBT	   Control	  CBT	   Control	  

De	  Graaf	  
2009[41]	  

The	  
Netherla
nds	   100	   103	   45.2	  ±	  10.9	  45.1	  ±	  12.2	  Depression	   CBT	  +	  TAU	   TAU	   BDI-‐II	   Yes	  

Dozois	  
2009[42]	   Canada	   25	   23	   NR	   NR	   Depression	  

CBT	  +	  
pharmaco-‐
therapy	  

Pharmaco-‐
therapy	  alone	   BDI-‐II;	  HRSD	   Yes	  

Naeem	  
2011[47]	   Pakistan	   17	   17	   32.35	  ±	  8.9	  33.64	  ±	  1.0	  Depression	  

CBT	  +	  
pharmaco-‐
therapy	  

Pharmaco-‐
therapy	  alone	   HADS;	  BSI	   No	  

Faramarzi	  
2007[43]	   Iran	   42	   40	   28.3	  ±	  3.8	   28.4	  ±	  5.3	  

Depression	  in	  
infertile	  women	  CBT	  

Minimal	  or	  no	  
treatment	   BDI-‐II	   No	  

Hollon	  
1992[44]	   USA	   25	   57	   NR	   NR	  

Nonpsychotic,	  
nonbipolar	  
depressed	  
outpatients	  

CBT	  +	  
pharmaco-‐
therapy	  

Pharmaco-‐
therapy	  alone	   BDI;	  HRSD	   No	  
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Miranda	  
2003[45]	   USA	   90	   89	   29.8	  ±	  7.9	   29.5	  ±	  9.1	  

Depression	  in	  
predominantly	  
low-‐income	  
young	  minority	  
women	   CBT	   TAU	   HRSD	   No	  

Misri	  
2004[46]	   Canada	   19	   16	   29.5	  ±	  3.3	   30.8	  ±	  5.9	  

Postpartum	  
depression	  

CBT	  +	  
pharmaco-‐
therapy	  

Pharmaco-‐
therapy	  alone	   HRSD	   No	  

Rahman	  
2008[48]	   Pakistan	   463	   440	   26.5	  ±	  5.2	   27.0	  ±	  5.1	  

Perinatal	  
depression	   CBT	   TAU	   HRSD	   No	  

	  

CBT	  –Cognitive	  Behavioural	  Therapy;	  TAU	  –	  Treatment	  As	  Usual;	  SD	  –	  Standard	  deviation;	  NR	  –	  Not	  reported;	  BDI-‐II	  –	  
Beck	  Depression	  Inventory-‐II;	  HRSD	  –	  Hamilton	  Rating	  Scale	  for	  Depression;	  HADS	  –	  Hospital	  Anxiety	  and	  Depression	  
Scale;	  BSI	  –	  Bradford	  Somatic	  Inventory	  
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Table	  6.2:	  CBT	  details	  from	  studies	  	  

Study	  

Mode	  of	  
administration	  of	  
CBT	  

Duration	  of	  
CBT	  per	  visit	   Frequency	  of	  CBT	  

Total	  duration	  
of	  CBT	  

Clinical	  background	  of	  
the	  individuals	  
administering	  CBT	  

Was	  there	  a	  
standardized	  program	  
or	  certification	  process	  
that	  CBT	  providers	  have	  
undergone	  or	  had	  to	  
undergo?	  

De	  Graaf	  2009[41]	  
Computer/	  internet	  
based	  CBT	   30	  minutes	   1	  per	  week	   9	  weeks	   Not	  reported	   Not	  reported	  

Dozois	  2009[42]	  
In-‐person	  
individualized	  CBT	   1	  hour	   1	  per	  week	   15	  weeks	   Master’s	  level	  therapist	   Not	  reported	  

Naeem	  2011[47]	  
In-‐person	  
individualized	  CBT	   Not	  reported	  

1	  to	  2	  sessions	  per	  
week	   9	  weeks	  

Psychiatrist;	  psychology	  
graduates	   Not	  reported	  

Faramarzi	  
2007[43]	  

In-‐person	  group	  
CBT	   2	  hours	   1	  per	  week	   10	  weeks	   Psychologist	   Not	  reported	  

Hollon	  1992[44]	  
In-‐person	  
individualized	  CBT	   50	  minutes	  

2	  in	  the	  first	  4	  weeks,	  1	  
or	  2	  in	  the	  next	  4	  
weeks,	  and	  1	  in	  the	  
last	  weeks	   12	  weeks	  

Psychologist;	  social	  
worker	   Not	  reported	  

Miranda	  2003[45]	  
In-‐person	  
individualized	  CBT	   Not	  reported	   1	  per	  week	   8	  weeks	  

Psychologist;	  
psychotherapist	   Not	  reported	  

Misri	  2004[46]	  
In-‐person	  
individualized	  CBT	   1	  hour	   1	  per	  week	   12	  weeks	   Psychologist	   Not	  reported	  
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CBT	  –Cognitive	  Behavioural	  Therapy	  

	  

Rahman	  2008[48]	  
In-‐person	  
individualized	  CBT	   Not	  reported	  

4	  in	  1st	  month,	  3	  in	  
2nd	  month,	  and	  1	  per	  
month	  for	  next	  9	  
months	   11	  weeks	   Lady	  health	  workers	   Not	  reported	  
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Figure	  6.2:	  Risk	  of	  Bias	  within	  studies	  

!

	  	  

‘+’	  denotes	  low	  risk	  of	  bias,	  and	  ‘-‐’	  represents	  high	  risk	  of	  bias.	  
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benefits.	  The	  mean	  (SD)	  baseline	  BDI-‐II	  score	  for	  patients	  with	  disability	  benefits	  was	  

32.9	  (±8.55)	  and	  for	  patients	  not	  receiving	  disability	  benefits	  26.9	  (±7.9).	  

	  

Pooled	  results	  from	  these	  2	  trials,	  including	  both	  those	  receiving	  and	  not	  receiving	  

disability	  benefits,	  suggested	  a	  possible	  benefit	  of	  CBT	  on	  depression	  (MD	  =	  -‐2.61;	  

95%	  CI	  =	  -‐5.28	  to	  0.07;	  p=0.06,	  minimally	  important	  difference	  [MID]	  =	  5),	  as	  did	  

results	  from	  both	  the	  subgroup	  of	  patients	  in	  receipt	  of	  disability	  benefits	  (MD	  =	  -‐6.88;	  

95%	  CI	  =	  -‐14.06	  to	  0.31),	  and	  patients	  not	  receiving	  disability	  benefits	  (MD	  =	  -‐2.22;	  

95%	  CI	  =	  -‐5.07	  to	  0.63).	  Results	  suggested	  a	  possible	  larger	  effect	  on	  reducing	  

depression	  in	  those	  receiving	  versus	  not	  receiving	  disability	  benefits,	  though	  the	  

confidence	  interval	  includes	  a	  small	  reduction	  in	  benefit	  in	  those	  receiving	  benefits	  

(MD	  =	  -‐4.46;	  95%	  CI	  =	  -‐12.21	  to	  3.30;	  p=0.26;	  MID	  =	  5).	  

	  

6.5	   Secondary	  analyses	  

There	  were	  no	  significant	  differences	  in	  the	  effect	  of	  CBT	  on	  depression	  among	  

patients	  not	  in	  receipt	  of	  disability	  benefits	  across	  studies	  that	  enrolled	  patients	  

receiving	  disability	  benefits	  and	  studies	  that	  did	  not	  (p=0.26)	  (Figure	  6.3).	  There	  were	  

no	  significant	  differences	  in	  the	  effect	  of	  CBT	  on	  depression	  within	  patients	  not	  

receiving	  disability	  benefits	  in	  studies	  comparing	  CBT	  plus	  pharmacotherapy	  versus	  

pharmacotherapy	  alone	  (p=0.94)	  (Figure	  6.4).	  There	  were	  no	  significant	  differences	  in	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

35	  

	  

Figure	  6.3:	  Effect	  of	  CBT	  in	  patients	  not	  receiving	  disability	  benefits	  in	  studies	  
including	  patients	  receiving	  benefits	  versus	  those	  that	  did	  not	  
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Figure	  6.4:	  Effect	  of	  CBT	  on	  depression	  within	  patients	  not	  receiving	  disability	  
benefits	  in	  studies	  comparing	  CBT	  plus	  pharmacotherapy	  versus	  pharmacotherapy	  
alone	  
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the	  effect	  of	  CBT	  on	  depression	  within	  patients	  not	  receiving	  disability	  benefits	  in	  

studies	  comparing	  CBT	  versus	  TAU/standard	  care	  (p=0.59)	  (Figure	  6.5).	  Our	  a	  priori	  

subgroup	  hypotheses	  failed	  to	  explain	  the	  heterogeneity	  observed	  in	  our	  secondary	  

analyses.	  	  
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Figure	  6.5:	  Effect	  of	  CBT	  on	  depression	  within	  patients	  not	  receiving	  disability	  
benefits	  in	  studies	  comparing	  CBT	  versus	  TAU/standard	  care	  
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CHAPTER	  7	  

DISCUSSION	  
	  

7.1	   Summary	  of	  evidence	  

This	  is	  the	  first	  systematic	  review	  comparing	  the	  effect	  of	  receiving	  disability	  benefits	  

on	  depression	  following	  treatment	  with	  CBT.	  We	  failed	  to	  find	  differences	  in	  the	  effect	  

of	  CBT	  on	  depression	  between	  patients	  receiving	  disability	  benefits	  and	  patients	  not	  

receiving	  disability	  benefits.	  The	  results	  suggest	  a	  possible	  greater	  effect	  in	  those	  

receiving	  disability	  benefits	  (-‐4.46	  BDI	  units	  in	  which	  the	  minimally	  important	  

difference	  is	  5),	  and	  the	  boundaries	  of	  the	  confidence	  interval	  suggest	  that	  if	  there	  is	  a	  

decrement	  in	  benefit,	  that	  decrement	  is	  small	  (no	  greater	  than	  3.30	  BDI-‐II	  units).	  

Nevertheless,	  these	  data	  come	  from	  only	  34	  patients	  receiving	  disability	  benefits,	  so	  

that	  any	  inferences	  regarding	  relative	  effect	  in	  the	  two	  populations	  are	  very	  weak.	  

	  

7.2	   Strengths	  

The	  strengths	  of	  our	  review	  include	  a	  comprehensive	  and	  transparent	  search	  strategy,	  

independent	  and	  duplicate	  eligibility	  assessment,	  use	  of	  the	  most	  commonly	  reported	  

instrument	  with	  the	  most	  established	  reliability	  and	  validity	  (BDI-‐II)	  for	  our	  pooled	  

analysis,	  and	  use	  of	  individual	  patient	  data	  from	  eligible	  trials,	  allowing	  adjustment	  for	  

potential	  confounding	  predictors.	  We	  also	  ensured	  rigorous	  data	  abstraction	  by	  using	  
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detailed	  written	  instructions,	  conducting	  formal	  calibration	  exercises,	  conducting	  in	  

duplicate,	  and	  implementing	  a	  consensus	  approach	  to	  resolve	  disagreement.	  We	  

contacted	  authors	  to	  verify	  whether	  they	  enrolled	  patients	  in	  receipt	  of	  disability	  

benefits	  and	  achieved	  an	  80%	  response	  rate	  among	  trials	  for	  which	  we	  were	  able	  to	  

acquire	  author	  contact	  information.	  

	  

7.3	   Previous	  Evidence	  

Although	  no	  prior	  reviews	  have	  explored	  the	  effect	  of	  CBT	  in	  patients	  receiving	  

disability	  benefits,	  reviews	  have	  explored	  the	  effect	  of	  compensation	  in	  other	  patient	  

populations.	  A	  2005	  systematic	  review	  found	  that	  the	  presence	  of	  compensation	  was	  

associated	  with	  worse	  outcome	  (combination	  of	  functional,	  quality	  of	  life,	  pain	  and	  

patient	  satisfaction	  outcome	  that	  was	  rated	  as	  satisfactory	  or	  unsatisfactory	  by	  review	  

investigators)	  after	  surgery	  [29].	  This	  was	  consistent	  with	  findings	  from	  systematic	  

reviews	  regarding	  chronic	  pain	  and	  closed-‐head	  injuries	  [49,50],	  which	  reported	  a	  

significant	  effect	  between	  compensation	  and	  poor	  outcome.	  This	  indirect	  evidence,	  

however,	  does	  not	  address	  the	  relative	  effect	  of	  interventions	  in	  the	  populations	  (one	  

may	  have	  poorer	  outcomes,	  but	  still	  have	  larger	  treatment	  effects	  if	  results	  without	  

treatment	  are	  very	  poor).	  In	  the	  two	  trials	  we	  examined,	  patients	  in	  receipt	  of	  

disability	  benefits	  had	  a	  greater	  severity	  of	  depression	  than	  those	  who	  were	  not	  

receiving	  disability	  benefits	  (baseline	  BDI-‐II	  of	  32.9	  versus	  26.9).	  Although	  a	  prior	  

review	  reported	  that	  the	  effectiveness	  of	  CBT	  was	  reduced	  in	  patients	  with	  severe	  
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depression	  compared	  to	  those	  with	  mild	  to	  moderate	  depression	  [51],	  we	  found	  no	  

suggestion	  of	  a	  smaller	  effect	  of	  CBT	  in	  patients	  receiving	  disability	  benefits.	  

	  

7.4	   Limitations	  

Our	  study	  has	  limitations.	  First,	  our	  IPDMA	  is	  based	  on	  only	  34	  patients	  in	  receipt	  of	  

disability	  benefits	  and	  193	  patients	  not	  receiving	  disability	  benefits.	  The	  extent	  to	  

which	  findings	  from	  this	  small	  sample	  will	  generalize	  to	  a	  wide	  population	  of	  

individuals	  in	  receipt	  of	  benefits	  is	  uncertain.	  Second,	  our	  secondary	  analyses	  showed	  

substantial	  heterogeneity	  within	  subgroups	  of	  patients	  not	  receiving	  disability	  

benefits,	  which	  could	  not	  be	  explained	  by	  our	  a	  priori	  hypotheses.	  Possible	  

explanatory	  factors	  that	  we	  were	  unable	  to	  explore	  due	  to	  limitations	  in	  the	  reporting	  

of	  trials	  include	  baseline	  severity	  of	  depression,	  duration	  of	  depression,	  frequency	  of	  

CBT,	  and	  experience	  of	  CBT	  providers.	  Third,	  none	  of	  the	  trials	  evaluated	  the	  effect	  of	  

CBT	  on	  return	  to	  work	  (RTW),	  a	  critical	  outcome	  for	  patients	  receiving	  disability	  

benefits	  and	  for	  insurers	  providing	  benefits.	  It	  remains	  possible	  that	  CBT	  may	  

improve	  BDI-‐II	  scores,	  but	  may	  not	  have	  any	  effect	  on	  claim	  resolution	  or	  RTW.	  Future	  

trials	  should	  include	  these	  outcomes	  in	  order	  to	  ascertain	  a	  BDI-‐II	  threshold	  that	  is	  

associated	  with	  RTW	  and	  claim	  resolution.	  
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7.5	   Conclusions	  

If	  the	  use	  of	  CBT	  to	  manage	  depression	  among	  patients	  receiving	  disability	  benefits	  

was	  less	  effective	  than	  in	  patients	  not	  receiving	  disability	  benefits,	  clinicians	  and	  

payers	  might	  reasonably	  choose	  alternative	  treatment	  strategies	  (e.g.	  

pharmacotherapy,	  other	  psychotherapies	  or	  a	  combination	  of	  both).	  The	  limited	  

evidence	  available,	  however,	  provides	  no	  support	  for	  this	  hypothesis	  and	  suggests	  

that,	  for	  the	  time	  being,	  CBT	  should	  continue	  as	  a	  recommended	  approach	  for	  

addressing	  depression	  in	  patients	  receiving	  disability	  benefits.	  Secure	  inference	  will,	  

however,	  only	  be	  possible	  after	  the	  conduct	  of	  much	  larger	  comparative	  trials,	  

conducted	  with	  low	  risk	  of	  bias	  and	  in	  collaboration	  with	  insurers.	  
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CHAPTER	  8	  

ABSTRACT	  

	  

Background:	  Depression	  is	  the	  most	  frequent	  reason	  for	  receiving	  disability	  benefits	  

in	  North	  America,	  and	  treatment	  with	  psychotherapy	  is	  often	  funded	  by	  private	  

insurers.	  No	  studies	  have	  explored	  the	  association	  between	  the	  provision	  of	  

psychotherapy	  for	  depression	  and	  time	  to	  claim	  closure.	  

Methods:	  Using	  administrative	  data	  from	  a	  Canadian	  disability	  insurer,	  we	  evaluated	  

the	  association	  between	  the	  provision	  of	  psychotherapy	  and	  short-‐term	  disability	  

(STD)	  and	  long-‐term	  disability	  (LTD)	  claim	  closure	  by	  performing	  Cox	  proportional	  

hazards	  regression.	  	  

Results:	  We	  analyzed	  10,508	  STD	  and	  10,338	  LTD	  claims	  for	  depression.	  In	  our	  

adjusted	  analyses,	  receipt	  of	  psychotherapy	  was	  associated	  with	  longer	  time	  to	  STD	  

closure	  (HR	  [99%	  CI]	  =	  0.81	  [0.68	  to	  0.97])	  and	  faster	  LTD	  claim	  closure	  (1.42	  [1.33	  to	  

1.52]).	  In	  both	  STD	  and	  LTD,	  older	  age	  (0.90	  [0.88	  to	  0.92]	  and	  0.83	  [0.80	  to	  0.85]),	  

per	  decade),	  a	  primary	  diagnosis	  of	  recurrent	  depression	  versus	  non-‐recurrent	  major	  

depression	  (0.78	  [0.69	  to	  0.87]	  and	  0.80	  [0.72	  to	  0.89]),	  a	  psychological	  secondary	  

diagnosis	  (0.90	  [0.84	  to	  0.97]	  and	  0.66	  [0.61	  to	  0.71]),	  or	  a	  non-‐psychological	  

secondary	  diagnosis	  (0.81	  [0.73	  to	  0.90]	  and	  0.77	  [0.71	  to	  0.83])	  versus	  no	  secondary	  

diagnosis,	  and	  an	  administrative	  services	  only	  policy	  ([0.94	  [0.88	  to	  1.00]	  and	  0.87	  
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[0.75	  to	  0.996])	  or	  refund	  policy	  (0.86	  [0.80	  to	  0.92]	  and	  0.73	  [0.68	  to	  0.78])	  

compared	  to	  non-‐refund	  policy	  claims	  were	  independently	  associated	  with	  longer	  

time	  to	  STD	  claim	  closure.	  

Conclusions:	  We	  found,	  paradoxically,	  that	  receipt	  of	  psychotherapy	  was	  

independently	  associated	  with	  longer	  time	  to	  STD	  claim	  closure	  and	  faster	  LTD	  claim	  

closure	  in	  patients	  with	  depression.	  We	  also	  found	  multiple	  factors	  that	  were	  

predictive	  of	  time	  to	  both	  STD	  and	  LTD	  claim	  closure.	  Our	  study	  has	  limitations,	  and	  

well-‐designed	  prospective	  studies	  are	  needed	  to	  establish	  the	  effect	  of	  psychotherapy	  

on	  disabling	  depression.	  
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CHAPTER	  9	  

INTRODUCTION	  

	  

9.1	   Background	  

Major	  Depressive	  Disorder	  (henceforth	  referred	  to	  as	  depression)	  results	  in	  immense	  

human	  suffering	  and	  is	  associated	  with	  considerable	  socioeconomic	  costs.	  Depression	  

accounts	  for	  11%	  of	  disability	  worldwide	  and	  an	  estimated	  productivity	  loss	  of	  $14.4	  

billion	  annually	  in	  Canada	  [1,2,3,4].	  The	  World	  Health	  Organization	  (WHO)	  estimates	  

suggest	  that	  depression	  will	  become	  the	  second	  leading	  cause	  of	  disease	  burden	  

worldwide	  by	  the	  year	  2020	  [5,6,7].	  

	  

The	  National	  Institute	  for	  Health	  and	  Clinical	  Excellence	  (NICE)	  in	  the	  UK	  has	  

recommended	  that	  health	  care	  professionals	  provide,	  alone	  or	  in	  combination,	  

pharmacological	  treatments	  and	  high-‐intensity	  psychological	  interventions	  for	  

individuals	  suffering	  from	  moderate	  or	  severe	  depression.	  The	  most	  frequently	  

prescribed	  psychotherapy	  for	  treating	  depression	  is	  cognitive	  behavioural	  therapy	  

(CBT)	  [8,9].	  	  
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Depression	  is	  a	  common	  reason	  for	  receiving	  disability	  benefits	  [10,11,12],	  incurring	  

more	  costs	  for	  long-‐term	  disability	  (LTD)	  than	  other	  disorders	  [13].	  Individuals	  

suffering	  from	  psychiatric	  disorders	  who	  are	  also	  receiving	  disability	  benefits	  require	  

more	  complex	  treatment	  and	  have	  more	  difficulty	  returning	  to	  work	  than	  those	  

suffering	  from	  other	  disabling	  complaints	  [14].	  Psychological	  therapy	  may	  be	  less	  

effective,	  or	  ineffective,	  in	  patients	  receiving	  disability	  benefits,	  as	  their	  circumstances	  

or	  psychological	  status	  may	  interfere	  with	  the	  successful	  implementation	  of	  therapy	  

[15].	  There	  is	  indirect	  evidence	  for	  this	  hypothesis	  from	  surgical	  populations:	  a	  recent	  

meta-‐analysis	  of	  129	  studies	  revealed	  that	  the	  odds	  of	  an	  unsatisfactory	  outcome	  in	  

patients	  receiving	  disability	  benefits	  or	  engaged	  in	  litigation	  was	  3.79	  times	  greater	  

(95%	  confidence	  interval	  [CI]:	  3.28	  to	  4.37)	  versus	  similar	  patients	  not	  in	  receipt	  of	  

disability	  benefits	  or	  pursuing	  litigation	  [16].	  	  

	  

Given	  that	  psychotherapy	  is	  one	  of	  the	  most	  frequently	  reimbursed	  treatment	  for	  

depression	  by	  private	  insurers	  [17],	  it	  is	  important	  to	  ascertain	  if	  psychotherapy	  

represents	  a	  worthwhile	  expenditure	  of	  time	  and	  energy	  for	  depressed	  patients,	  and	  a	  

good	  investment	  for	  insurers.	  We	  recently	  completed	  a	  systematic	  review	  in	  which	  

none	  of	  92	  randomized	  controlled	  trials	  (RCTs)	  that	  explored	  the	  effect	  of	  CBT	  on	  

depression	  reported	  whether	  enrolled	  patients	  were	  receiving	  disability	  benefits.	  We	  

successfully	  contacted	  56	  trialists	  and	  identified	  3	  trials	  that	  captured	  information	  on	  

disability	  benefit	  status	  [18].	  Our	  analyses	  consisting	  of	  2	  trials	  (including	  34	  patients	  
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on	  disability	  benefits)	  did	  not	  find	  a	  significant	  difference	  in	  depression	  between	  

patients	  receiving	  disability	  benefits	  versus	  those	  not	  receiving	  disability	  benefits.	  

However,	  we	  were	  limited	  by	  the	  small	  number	  of	  patients	  available	  for	  analysis.	  

	  

9.2	   Objectives	  

In	  the	  present	  study,	  we	  used	  the	  administrative	  data	  of	  a	  large	  Canadian,	  private,	  

disability	  insurer	  (Sun	  Life	  Financial	  Inc.)	  to	  explore	  the	  association	  between	  the	  

provision	  of	  psychotherapy	  for	  patients	  suffering	  from	  depression	  and	  time	  to	  both	  

short-‐term	  disability	  (STD)	  and	  LTD	  claim	  closure.	  Additionally,	  we	  evaluated	  what	  

factors	  were	  associated	  with	  receipt	  of	  psychotherapy	  in	  patients	  with	  depression	  in	  

receipt	  of	  disability	  benefits.	  
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CHAPTER	  10	  

METHODS	  

	  
10.1	   Ethics	  statement	  

The	  Research	  Ethics	  Board	  at	  McMaster	  University	  approved	  our	  study.	  

	  

10.2	   Design	  

Secondary	  analysis	  of	  an	  insurance	  administrative	  database	  

	  

10.3	   Description	  of	  patients	  and	  eligibility	  criteria	  

Between	  January	  2007	  and	  December	  2010,	  Sun	  Life	  Financial	  had	  259,510	  claims	  

submitted	  for	  approval.	  Of	  these,	  190,527	  were	  STD	  claims	  and	  68,983	  LTD	  claims.	  An	  

STD	  and	  LTD	  claim	  differ	  in	  regards	  to	  the	  potential	  duration	  of	  time	  that	  claimants	  

may	  receive	  wage	  replacement	  benefits.	  The	  two	  most	  common	  standard	  benefit	  

periods	  for	  an	  STD	  claim	  is	  up	  to	  17	  weeks	  and	  26	  weeks,	  but	  some	  plan	  benefit	  

periods	  may	  be	  less	  or	  more	  than	  this	  duration.	  An	  LTD	  claim	  pay	  wage	  replacement	  

benefits	  for	  a	  longer	  period,	  up	  to	  age	  65.	  

	  

Of	  the	  259,510	  filed	  claims	  at	  Sun	  Life,	  172,425	  (90.5%)	  STD	  and	  55,530	  (80.5%)	  LTD	  

claims	  were	  approved.	  For	  our	  analyses,	  we	  included	  all	  claims	  (1	  claim	  per	  claimant)	  

that	  were	  approved	  for	  STD	  or	  LTD	  benefits	  with	  a	  primary	  diagnosis	  of	  major	  

depressive	  disorder	  or	  recurrent	  depressive	  disorder.	  We	  excluded	  all	  individuals	  
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whose	  claims	  were	  recorded	  as	  closed	  prior	  to	  contractual	  approval,	  and	  STD	  claims	  

with	  a	  maximum	  claim	  benefit	  period	  over	  2.5	  years	  as	  we	  deemed	  those	  to	  be	  data	  

entry	  errors.	  	  

	  

10.4	   Administrative	  Variables	  

The	  database	  consisted	  of	  demographic,	  administrative,	  and	  clinical	  information.	  The	  

case	  manager(s)	  responsible	  for	  overseeing	  each	  claim	  entered	  all	  data.	  The	  standard	  

requirement	  is	  for	  data	  to	  be	  entered	  within	  5	  days	  of	  claim	  receipt	  for	  STD	  claims,	  

and	  within	  10	  days	  for	  LTD	  claims,	  although	  this	  may	  vary.	  

	  

Appendix	  C	  presents	  the	  list	  and	  description	  of	  all	  variables	  in	  the	  database.	  Guided	  by	  

the	  results	  from	  observational	  studies	  evaluating	  predictors	  of	  recovery	  in	  patients	  

receiving	  disability	  benefits	  due	  to	  depression	  [19,20,21],	  and	  a	  systematic	  review	  

evaluating	  prognostic	  factors	  of	  long	  term	  disability	  due	  to	  mental	  disorders	  [22],	  we	  

selected,	  a	  priori,	  14	  variables	  from	  the	  database	  that	  we	  judged	  may	  be	  associated	  

with	  claim	  closure	  and	  receipt	  of	  psychotherapy,	  and	  predicted	  the	  direction	  of	  

anticipated	  effects.	  In	  addition	  to	  the	  variables	  we	  chose	  from	  previous	  evidence,	  we	  

included	  and	  predicted	  the	  direction	  of	  anticipated	  effects	  of	  two	  additional	  variables	  

(time	  to	  claim	  approval	  and	  disability	  funding	  policy)	  in	  our	  model,	  as	  per	  

recommendations	  by	  content	  experts	  in	  our	  research	  team	  and	  the	  administrative	  

team	  at	  Sun	  Life.	  Two	  psychologists,	  blinded	  to	  study	  results,	  provided	  hypotheses	  on	  

the	  anticipated	  direction	  of	  effect	  of	  receipt	  of	  psychotherapy	  on	  STD	  and	  LTD	  claim	  
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closure.	  They	  predicted	  that	  individuals	  in	  the	  STD	  group	  are	  less	  likely	  to	  benefit	  

from	  psychotherapy	  given	  the	  time	  taken	  for	  CBT	  to	  be	  successfully	  implemented,	  

which	  may	  take	  them	  into	  the	  LTD	  timeframe.	  They	  predicted	  that	  individuals	  in	  the	  

LTD	  group	  are	  more	  likely	  to	  benefit	  from	  psychotherapy.	  Further,	  they	  

hypothesized	  that	  if	  there	  was	  a	  difference	  in	  the	  anticipated	  directions	  between	  the	  

two	  groups,	  it	  may	  be	  due	  to	  the	  increased	  severity	  of	  illness	  or	  secondary	  gains	  in	  

those	  receiving	  psychotherapy	  in	  the	  STD	  group.	  Table	  10.1	  provides	  a	  description	  of	  

all	  independent	  variables	  considered	  in	  our	  models	  and	  our	  predictions	  on	  the	  

anticipated	  direction	  of	  effect	  on	  disability	  claim	  closure.	  

	  

Disability	  funding	  policies	  can	  be	  purchased	  by	  employers	  under	  three	  types	  of	  

financial	  arrangements:	  non-‐refund	  policies	  where	  the	  insurer	  approves	  and	  funds	  

services	  and	  treatments,	  refund	  policies	  in	  which	  the	  insurer	  and	  the	  plan	  sponsor	  

(e.g.,	  the	  employer)	  shares	  the	  funding	  for	  services	  and	  treatments,	  and	  

administrative	  services	  only	  (ASO)	  policies	  in	  which	  the	  plan	  sponsor	  approves	  and	  

pays	  for	  all	  services	  and	  treatments.	  For	  LTD	  claims,	  all	  types	  of	  policies	  require	  funds	  

to	  be	  put	  aside	  (as	  reserves)	  that	  amount	  to	  two-‐thirds	  of	  the	  claimant’s	  pre-‐disability	  

income	  that	  would	  be	  earned	  from	  the	  age	  their	  long-‐term	  benefits	  began	  until	  the	  age	  

of	  65.	  Under	  a	  non-‐refund	  policy,	  the	  reserves	  are	  funded	  by	  the	  insurer,	  and	  released	  

back	  to	  the	  insurer	  if	  the	  claim	  resolves.	  Under	  refund	  or	  ASO	  policies,	  the	  reserves	  for	  

LTD	  claims	  are	  funded	  by	  the	  employer,	  and	  released	  back	  to	  the	  employer	  if	  the	  claim	  	  
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Table	  10.1:	  Description	  of	  variables	  	  

Variable	   Description	   Anticipated	  direction	  of	  
claim	  closure	  

Claimant	  demographic	  
variables	  

Age	  
Gender	  
Province	  
Industry	  
	  
	  
Salary	  
ICD-‐10	  primary	  diagnosis	  
	  
ICD-‐10	  secondary	  
diagnosis	  

	  

	  
	  
Age	  of	  claimant	  at	  disability	  
Gender	  of	  claimant	  
Province	  the	  claimant	  resides	  in	  
Type	  of	  industry	  the	  claimant	  is	  
working	  in	  (blue	  collar,	  grey	  collar,	  
white	  collar*)	  
Salary	  of	  claimant	  
Primary	  diagnosis	  of	  claimant	  (major	  
depression	  or	  recurrent	  depression)	  
Secondary	  diagnosis	  of	  claimant	  (none,	  
psychological	  diagnosis,	  non-‐
psychological	  diagnosis)	  

	  
	  
Older	  age:	  (-‐)	  
Females:	  (-‐)	  	  
Ontario,	  Quebec:	  (+)	  	  
White,	  grey	  collar:	  (-‐)	  
	  
	  
Higher	  salary:	  (-‐)	  
Recurrent	  depression:	  (-‐)	  
	  
	  
Secondary	  diagnosis:	  (-‐)	  
	  
	  

Claim	  coverage	  variables	  
Time	  to	  claim	  registration	  
	  
Time	  to	  claim	  approval	  
	  
	  
Elimination	  period	  
	  
Maximum	  claim	  benefit	  
period	  

	  
Location	  of	  claim	  office	  
	  
	  
Funding	  type	  
	  
	  
Total	  reserve	  amount	  

	  
Duration	  from	  claimant’s	  disability	  date	  
to	  disability	  claim	  registration	  date	  
Duration	  from	  disability	  claim	  
registration	  date	  to	  disability	  claim	  
contractual	  approval	  date	  
Duration	  from	  claimant’s	  disability	  date	  
to	  first	  payment	  date	  
Duration	  from	  disability	  claim	  
contractual	  approval	  date	  to	  maximum	  
claim	  benefit	  date	  
Office	  where	  the	  claim	  is	  currently	  
managed	  (Edmonton,	  Montreal,	  
Toronto,	  Vancouver,	  Waterloo)	  
Funding	  arrangement	  of	  claim	  (non-‐
refund,	  refund,	  administrative	  services	  
only	  [ASO])	  
Reserves	  held	  on	  claims	  (LTD	  only)	  

	  
Longer	  time	  to	  claim	  registration:	  	  
(-‐)	  
Longer	  time	  to	  claim	  approval:	  (-‐)	  
	  
	  
Longer	  elimination	  period:	  (-‐)	  
	  
Longer	  claim	  benefit	  period:	  (-‐)	  
	  
	  
Toronto,	  Montreal:	  (+)	  
	  
	  
Refund,	  ASO:	  (-‐)	  
	  
	  
Higher	  reserves:	  (+)	  

	   	   	  
Receipt	  of	  psychotherapy	  
	  

If	  claimant	  has	  received	  psychotherapy	  
or	  not	  

Receipt	  of	  psychotherapy:	  (O	  for	  
STD	  /	  +	  for	  LTD)	  

ICD:	  International	  classification	  of	  diseases;	  +:	  associated	  with	  faster	  claim	  closure;	  -‐:	  associated	  with	  slower	  claim	  
closure;	  O:	  associated	  with	  similar	  resolution;	  *	  -‐	  classifications	  of	  industry	  in	  Table	  10.2;	  LTD	  –	  long	  term	  disability	  
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resolves.	  For	  our	  regression	  models,	  we	  used	  non-‐refund	  policy	  as	  the	  reference	  

group.	  Two	  authors	  (SE	  and	  JWB)	  independently	  grouped	  66	  different	  industries	  into	  

blue-‐collar,	  grey-‐collar	  and	  white-‐collar	  industries	  (94%	  agreement)	  and	  reached	  

consensus	  through	  discussion	  (Table	  10.2).	  

	  

10.5	   Outcomes	  	  

Our	  primary	  outcome	  was	  time	  to	  claim	  closure,	  defined	  as	  the	  duration	  from	  

disability	  claim	  approval	  until	  the	  closure/resolution	  of	  the	  claim.	  Our	  secondary	  

outcome	  was	  receipt	  of	  psychotherapy.	  

	  

10.6	   Data	  management	  and	  data	  cleaning	  

We	  screened	  all	  data	  to	  identify	  outliers,	  inconsistencies	  and	  missing	  data	  by	  

calculating	  summary	  statistics,	  and	  exploring	  distributions	  graphically.	  If	  clear	  

outliers	  and	  inconsistencies	  were	  identified,	  we	  worked	  with	  Sun	  Life	  Financial	  to	  

correct	  the	  data.	  If	  inconsistencies	  could	  not	  be	  corrected,	  we	  treated	  them	  as	  missing	  

data.	  We	  excluded	  variables	  that	  were	  missing	  for	  more	  than	  10%	  of	  claimants.	  Of	  the	  

variables	  that	  were	  not	  excluded,	  less	  than	  1%	  was	  missing.	  

	  

10.7	   Statistical	  analysis	  

We	  generated	  frequencies	  for	  all	  collected	  data.	  We	  reported	  the	  mean	  and	  standard	  

deviation	  (SD)	  of	  continuous	  variables	  that	  were	  normally	  distributed,	  the	  median	  and	  	  
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Table	  10.2:	  Classification	  of	  industry	  
	  
White	  collar	   Grey	  collar	   Blue	  collar	  

	  
Banking	  
Business	  services	  
Credit	  agencies	  
Educational	  service	  
Federal	  government	  
Holding	  related	  investments	  
Insurance	  agent,	  broker,	  service	  
Insurance	  carriers	  
Legal	  services	  
Local	  government	  
Medical,	  related	  health	  
Nonprofit	  membership	  
organization	  

Provincial	  government	  
Real	  estate	  
Social	  services	  

Apparel	  &	  other	  finished	  products	  
of	  fabrics	  &	  similar	  material	  

Communication	  
Eating	  drinking	  places	  
Food	  stores	  
Furniture,	  home	  furnishings	  
General	  merchandise	  
Hotels,	  rooming	  houses,	  camps	  &	  
other	  lodging	  places	  

Local	  passenger	  train	  
Miscellaneous	  retail	  stores	  
Miscellaneous	  services	  
Motion	  pictures	  
Personal	  services	  
Printing,	  publishing	  
Retail-‐apparel	  &	  accessory	  stores	  
Security	  &	  commodity	  brokers,	  
dealers,	  exchanges	  &	  services	  

Services-‐amusement	  &	  recreation	  
services	  

Transportation	  by	  air	  
Transportation	  service	  
Water	  transportation	  
Wholesale	  durables	  
Wholesale	  nondurables	  

Agricultural	  production-‐
livestock	  &	  animal	  
specialties	  

Auto	  dealers	  &	  gasoline	  
stations	  

Automotive	  repair,	  services	  &	  
parking	  

Bituminous	  coal	  &	  lignite	  
mining	  

Building	  material	  &	  farming	  
equipment	  

Chemicals,	  allied	  products	  
Electrical	  equipment	  
Electricity,	  gas,	  sanitary	  
service	  

Fabricated	  metal	  products	  
Food	  and	  kindred	  products	  
Forestry	  
General	  building	  Construction	  
Heavy	  construction	  
Instruments	  and	  related	  
products	  

Lumber,	  wood	  products	  
Metal	  mining	  
Mining	  &	  quarrying	  of	  
nonmetallic	  minerals	  (no	  
fuels)	  

Miscellaneous	  manufacturing	  
Miscellaneous	  repair	  service	  
Oil	  gas	  extraction	  
Paper	  allied	  products	  
Primary	  metals	  
Railroad	  transportation	  
Rubber	  &	  plastics	  
Special	  trade	  contractors	  
Stone	  Clay,	  glass	  products	  
Textile	  mill	  products	  
Tobacco	  manufacturers	  
Transportation	  equipment	  
Trucking,	  warehousing	  
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interquartile	  range	  (IQR)	  for	  continuous	  variables	  that	  were	  not	  normally	  distributed	  

(assessed	  through	  residual	  analysis	  and	  computing	  kurtosis	  and	  skewness	  measures	  

[skewness	  and	  kurtosis	  measures	  of	  +2	  to	  -‐2	  considered	  normal]),	  and	  the	  number	  of	  

occurrences	  with	  proportions	  represented	  as	  percentages	  for	  categorical	  variables.	  	  

	  

We	  tested	  for	  collinearity	  to	  assess	  if	  a	  predictor	  was	  highly	  correlated	  with	  another	  

(correlation	  coefficient	  r>0.5)	  using	  a	  correlation	  matrix.	  If	  two	  variables	  were	  highly	  

correlated,	  we	  removed	  the	  variable	  that	  was	  considered	  to	  be	  of	  lesser	  importance,	  

as	  guided	  by	  the	  administrators	  at	  Sun	  Life	  Financial	  and	  content	  experts	  on	  our	  team.	  

	  

We	  performed	  a	  time-‐to-‐event	  analysis	  using	  Cox	  proportional	  hazards	  regression	  to	  

assess	  the	  association	  between	  time	  to	  claim	  closure	  and	  the	  independent	  variables.	  

Receipt	  of	  psychotherapy	  was	  treated	  as	  a	  time-‐dependent	  covariate	  to	  account	  for	  

when	  it	  was	  initiated	  during	  the	  course	  of	  the	  disability	  claim.	  For	  STD	  claims	  that	  

were	  unresolved	  26	  weeks	  after	  claim	  approval,	  we	  used	  181	  days	  (26	  weeks	  [the	  

more	  common	  STD	  benefit	  duration]	  minus	  1	  day)	  as	  our	  censoring	  point	  to	  maintain	  

the	  proportionality	  assumption.	  For	  LTD	  claims	  that	  were	  unresolved	  when	  the	  data	  

was	  extracted,	  we	  used	  the	  date	  of	  data	  extraction	  as	  our	  censoring	  point.	  For	  our	  

secondary	  analysis,	  we	  performed	  an	  adjusted	  logistic	  regression	  to	  assess	  the	  

association	  between	  receipt	  of	  psychotherapy	  and	  potentially	  predictive	  factors.	  To	  

avoid	  overfitting	  our	  models,	  we	  required	  at	  least	  10	  events	  per	  variable	  for	  our	  Cox	  

regression	  model	  and	  10	  events	  of	  the	  least	  common	  outcome—receipt	  of	  
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psychotherapy—for	  our	  logistic	  regression	  model	  [23].	  Our	  regression	  model	  

excludes	  independent	  variables	  with	  less	  than	  200	  observations	  unless	  we	  were	  able	  

to	  collapse	  them	  with	  other	  related	  variables	  to	  exceed	  this	  threshold.	  We	  calculated	  

hazard	  ratios	  (HRs)	  for	  our	  time-‐to-‐event	  analyses	  and	  odds	  ratios	  (ORs)	  for	  our	  

logistic	  regression	  analyses,	  their	  associated	  99%	  confidence	  intervals	  (CIs),	  the	  

unstandardized	  beta	  coefficients	  for	  each	  variable	  and	  the	  associated	  p-‐values.	  In	  

order	  to	  be	  more	  stringent	  and	  minimize	  the	  likelihood	  of	  spurious	  findings,	  we	  

considered	  an	  independent	  variable	  as	  statistically	  significant	  if	  it	  had	  a	  p-‐value	  of	  less	  

than	  or	  equal	  to	  0.01	  in	  each	  final	  adjusted	  model.	  

	  

We	  performed	  bootstrapping	  for	  our	  regression	  models	  to	  measure	  the	  accuracy	  of	  

our	  sample	  estimates	  [24],	  and	  performed	  the	  Hosmer-‐Lemeshow	  test	  to	  assess	  the	  

goodness-‐of-‐fit	  in	  our	  logistic	  regression	  model.	  

	  

We	  used	  SPSS	  v20.0	  to	  perform	  all	  statistical	  analyses.	  
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CHAPTER	  11	  

RESULTS	  

	  

11.1	   Description	  of	  claims	  

Of	  13,758	  STD	  and	  11,275	  LTD	  claims	  received	  with	  a	  primary	  diagnosis	  of	  

depression,	  3250	  (24%)	  STD	  and	  937	  (8%)	  LTD	  claims	  were	  excluded	  due	  to	  the	  

claim	  being	  declined,	  exceeding	  a	  claim	  benefit	  period	  of	  2.5	  years	  (STD	  only),	  or	  

having	  their	  claim	  paid	  retroactively.	  Our	  final	  analysis	  included	  10,508	  STD	  and	  

10,338	  LTD	  claims.	  Depression	  management	  included	  psychotherapy	  in	  261	  STD	  

claims	  and	  1,582	  LTD	  claims.	  Table	  11.1	  presents	  baseline	  characteristics	  of	  all	  factors	  

for	  STD	  and	  LTD	  claims.	  

	  

We	  excluded	  the	  following	  variables	  from	  our	  regression	  models:	  total	  reserve	  

amount	  for	  STD	  model	  as	  there	  are	  no	  reserves	  put	  aside	  for	  STD	  claims;	  claim	  office	  

due	  to	  high	  correlation	  with	  province	  of	  residence;	  time	  to	  receipt	  of	  disability	  

benefits	  and	  elimination	  period	  (date	  of	  disability	  to	  the	  date	  the	  claim	  was	  first	  paid)	  

due	  to	  high	  correlation	  with	  time	  to	  claim	  approval;	  and	  type	  of	  employment	  industry	  

from	  our	  LTD	  models	  due	  to	  a	  high	  frequency	  (27.4%)	  of	  missing	  data.	  Due	  to	  small	  

numbers	  of	  observations	  from	  some	  provinces,	  we	  merged	  Prince	  Edward	  Island,	  

Newfoundland,	  Nova	  Scotia	  and	  New	  Brunswick	  into	  one	  category,	  “Maritimes”,	  and	  	  
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Table	  11.1:	  Baseline	  characteristics	  	  

	  
Variables	  

STD	  
n(%)	  

LTD	  
n(%)	  

Total	  claimants	  
Claim	  closure	  reason	  

Censored	  at	  time	  of	  data	  extraction	  
Return	  to	  work	  
Anticipated	  return	  to	  work	  
Maximum	  benefit	  date	  reached	  
Offsets	  exceed	  benefits	  
Retirement/terminal	  age	  
Own	  occupation	  termination	  
No	  longer	  disabled	  
Claim	  transfer	  or	  settlement	  
Rehabilitation	  settlement	  
Litigation	  settlement	  
Other	  (including	  strike	  and	  securing	  info)	  
Death	  

Age:	  Mean	  (SD)	  years	  

10508	  
	  
173	  (1.6%)	  
3390	  (32.3%)	  
2900	  (27.6%)	  
3003	  (28.6%)	  
4	  (0.04%)	  
11	  (0.1%)	  
0	  (0%)	  
305	  (2.9%)	  
0	  (0%)	  
0	  (0%)	  
0	  (0%)	  
715	  (6.8%)	  
7	  (0.1%)	  
43.3	  (10.1)	  

10338	  
	  
3670	  (35.5%)	  
4542	  (43.9%)	  
0	  (0%)	  
0	  (0%)	  
8	  (0.1%)	  
141	  (1.4%)	  
451	  (4.4%)	  
1092	  (10.6%)	  
57	  (0.6%)	  
280	  (2.7%)	  
31	  (0.3%)	  
20	  (0.2%)	  
41	  (0.4%)	  
47.0	  (9.3)	  

Sex	  
Male	  
Female	  

	  
5859	  (55.8%)	  
4640	  (44.2%)	  

	  
3380	  (67.3%)	  
6958	  (32.7%)	  

Salary	  per	  month:	  Median	  (IQR)	   $3337	  ($2607	  to	  $4450)	   $4344	  ($3204	  to	  $5154)	  	  
Industry	  

White-‐collar	  
Grey-‐collar	  
Blue-‐collar	  
Unknown	  

Primary	  diagnosis	  
Major	  depression	  
Recurrent	  depression	  

	  
2502	  (23.8%)	  
3474	  (33.1%)	  
4532	  (42.1%)	  
0	  (0.0%)	  
	  
10004	  (95.2%)	  
504	  (4.8%)	  

	  
2904	  (28.1%)	  
2112	  (20.4%)	  
2490	  (24.1%)	  
2832	  (27.4%)	  
	  
9034	  (87.4%)	  
1304	  (12.6%)	  

Secondary	  diagnosis	  
None	  
Psychological	  diagnosis	  
Nonpsychological	  diagnosis	  

	  
8043	  (76.5%)	  
1746	  (16.6%)	  
719	  (6.8%)	  

	  
6657	  (64.4%)	  
2337	  (22.6%)	  
1344	  (13.0%)	  

Province	  
British	  Columbia	  
Alberta**	  
Saskatchewan	  
Manitoba	  
Ontario	  
Quebec	  
New	  Brunswick**	  
Nova	  Scotia**	  
Prince	  Edward	  Island**	  
NewFoundland**	  

	  
842	  (8.0%)	  
1736	  (16.5%)	  
237	  (2.2%)	  
155	  (1.5%)	  
3798	  (36.1%)	  
2956	  (28.1%)	  
105	  (1.0%)	  
537	  (5.1%)	  
5	  (0.05%)	  
139	  (1.3%)	  

	  
966	  (9.3%)	  
1112	  (10.8%)	  
119	  (1.2%)	  
155	  (1.5%)	  
3532	  (34.2%)	  
3922	  (37.9%)	  
189	  (1.8%)	  
224	  (2.2%)	  
35	  (0.3%)	  
83	  (0.8%)	  

Claim	  office	  
Vancouver	  
Edmonton	  
Waterloo	  

	  
507	  (4.8%)	  
1953	  (18.6%)	  
2702	  (25.7%)	  

	  
798	  (7.7%)	  
959	  (9.3%)	  
1534	  (14.8%)	  
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Toronto	  
Montreal	  

Funding	  type	  
ASO	  
Non-‐Refund	  
Refund	  

1707	  (16.2%)	  
3639	  (34.6%)	  
	  
4042	  (38.5%)	  
3376	  (32.1%)	  
3090	  (29.4%)	  

1084	  (10.5%)	  
5963	  (57.6%)	  
	  
645	  (6.2%)	  
4399	  (42.6%)	  
5294	  (51.2%)	  

Time	  to	  claim	  receipt	  months:	  median	  (IQR)	   0.3	  (0.2	  to	  0.6)	   4.0	  (2.8	  to	  5.3)	  
Time	  to	  claim	  approval	  months:	  median	  (IQR)	   0.4	  (0.2	  to	  0.7)	   1.5	  (0.9	  to	  2.3)	  
Reserve	  amount:	  median	  (IQR)	  
Receipt	  of	  psychotherapy	  

No	  
Yes	  

Time	  to	  initiate	  psychotherapy	  weeks:	  	  
	  	  median	  (IQR)	  

N/A	  
	  
10247	  
261	  
	  
10.1	  (6.8	  to	  14.9)	  

$283,678	  ($121,742	  to	  $629,813)	  
	  
8756	  
1582	  
	  
17.1	  (8.7	  to	  34)	  

STD-‐	  Short	  term	  disability;	  LTD–	  Long-‐term	  disability;	  SD–	  Standard	  deviation;	  IQR–	  Interquartile	  range;;	  *	  -‐	  Excluded	  from	  
analyses;	  **	  -‐	  merged	  as	  ‘Maritimes’	  for	  our	  analyses;	  ***	  -‐	  	  merged	  as	  ‘Prairies’	  for	  our	  analyses;	  ^	  -‐	  missing	  for	  98.5%	  of	  cases;	  
N/A	  –	  not	  applicable	  due	  to	  no	  reserves	  for	  STD	  
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Alberta,	  Saskatchewan	  and	  Manitoba	  into	  “Prairies”.	  We	  excluded	  Yukon	  and	  

Northwest	  Territories	  as	  they	  had	  fewer	  than	  200	  observations	  and	  merging	  them	  

with	  other	  provinces	  was	  not	  considered	  appropriate.	  

	  

11.2	   Short-‐term	  disability	  

Of	  10,508	  STD	  claims	  due	  to	  depression,	  10,335	  (98.4%)	  were	  closed	  prior	  to	  a	  

maximum	  STD	  benefit	  duration	  of	  26	  weeks	  and	  173	  (1.6%)	  were	  censored.	  Of	  the	  

10,335	  closed	  claims,	  3390	  (32.8%)	  returned	  to	  work	  and	  2900	  (28.1%)	  were	  

expected	  to	  return	  to	  work	  (Table	  11.1).	  

	  

Figure	  11.1	  presents	  the	  time	  to	  closure	  survival	  curve	  for	  STD	  claimants.	  

	  

11.2.1	   Factors	  associated	  with	  time	  to	  STD	  claim	  closure	  

Our	  adjusted	  regression	  analysis	  showed	  that	  psychotherapy	  was	  associated	  with	  

longer	  time	  to	  STD	  claim	  closure	  (HR	  [99%	  CI]	  =	  0.81	  [0.68	  to	  0.97]).	  Older	  age	  (0.90	  

[0.88	  to	  0.92],	  per	  decade),	  female	  gender	  (0.92	  [0.87	  to	  0.97]),	  working	  in	  a	  white-‐

collar	  industry	  (0.86	  [0.80	  to	  0.92]),	  higher	  salary	  (0.87	  [0.82	  to	  0.93],	  a	  primary	  

diagnosis	  of	  recurrent	  depression	  versus	  non-‐recurrent	  major	  depression	  (0.78	  [0.69	  	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

71	  

	  

Figure	  11.1:	  Kaplan	  Meier	  time	  to	  event	  curve	  of	  time	  to	  STD	  
claim	  closure	  
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to	  0.87],	  a	  psychological	  secondary	  diagnosis	  (0.90	  [0.84	  to	  0.97]	  or	  a	  non-‐

psychological	  secondary	  diagnosis	  (0.81	  [0.73	  to	  0.90]),	  a	  longer	  maximum	  claim	  

benefit	  period	  duration	  (0.87	  [0.86	  to	  0.88],	  and	  an	  administrative	  services	  only	  (ASO)	  

([0.94	  [0.88	  to	  1.00])	  or	  refund	  policy	  (0.86	  [0.80	  to	  0.92])	  compared	  to	  non-‐refund	  

policy	  claims,	  and	  residing	  in	  Quebec	  compared	  to	  Ontario	  (0.73	  [0.68	  to	  0.78]	  were	  

independently	  associated	  with	  slower	  STD	  claim	  closure	  (Table	  11.2).	  

	  

Longer	  time	  from	  claim	  registration	  to	  claim	  approval	  (1.11	  [1.07	  to	  1.15]),	  and	  

residing	  in	  the	  Prairies	  (1.08	  [1.00	  to	  1.16])	  or	  the	  Maritimes	  (1.19	  [1.07	  to	  1.32])	  

compared	  to	  Ontario	  were	  associated	  with	  faster	  STD	  claim	  closure	  (Table	  11.2).	  	  

	  

11.2.2	   Factors	  predictive	  of	  receipt	  of	  psychotherapy	  among	  STD	  claims	  

Working	  in	  a	  white-‐collar	  industry	  (OR	  	  [99%	  CI]=2.59	  [1.64	  to	  4.08])	  or	  a	  grey-‐collar	  

industry	  (1.99	  [1.27	  to	  3.13])	  compared	  to	  a	  blue-‐collar	  industry,	  and	  a	  refund	  policy	  

compared	  to	  a	  non-‐refund	  policy	  claim	  (1.58	  [1.05	  to	  2.38])	  were	  associated	  with	  a	  

higher	  likelihood	  of	  receiving	  psychotherapy	  while	  in	  receipt	  of	  STD	  benefits.	  
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Table	  11.2:	  Factors	  predictive	  of	  time	  to	  short-‐term	  
disability	  claim	  closure	  	  
 
Factor	   p-‐value	   HR	   99.0%	  CI	  for	  HR	  

Lower	   Upper	  
Receipt	  of	  psychotherapy	   .002	   .813	   .684	   0.966	  
Age	  (per	  10	  years)	   <.001	   .902	   .878	   .926	  
Gender	  
Female	  
Male	  (reference	  group)	  

	  
<.001	  

	  
.915	  

1	  

	  
.865	  

	  
.968	  

Industry	  
White	  collar	  

	  
<.001	  

	  
.848	  

	  
.790	  

	  
.911	  

Grey	  collar	   .013	   .941	   .884	   1.002	  
Blue	  collar	  (reference	  group)	   .	   	   	   	  

Salary	  (per	  $1000	  per	  week)	   <.001	   .872	   .815	   .934	  
ICD-‐10	  primary	  diagnosis	  
Major	  depression	  (reference	  
group)	  
Recurrent	  depression	  

	  
	  

<.001	  

	  
1	  

.776	  

	  
	  

.687	  

	  
	  

.876	  

ICD-‐10	  secondary	  diagnosis	  
Psychological	  diagnosis	  

	  
<.001	  

	  
.904	  

	  
.842	  

	  
.971	  

Non-‐Psychological	  diagnosis	  
None	  (reference	  group)	  

<.001	   .814	  
1	  

.733	   .904	  

Time	  to	  approval	  (months)	   <.001	   1.105	   1.065	   1.147	  
Maximum	  benefit	  period	  (months)	   <.001	   .870	   .859	   .881	  
Province	  	  
British	  Columbia	  

	  
.434	  

	  
1.031	  

	  
.931	  

	  
1.142	  

Prairies*	   .010	   1.077	   1.000	   1.160	  
Quebec	   <.001	   .713	   .666	   .764	  
Maritimes**	   <.001	   1.188	   1.068	   1.320	  
Ontario	  (reference	  group)	   .	   	  	  	  	  	  	  	  	  	  1	   	   	  

Funding	  type	  
ASO	  
Refund	  
Non-‐refund	  (reference	  group)	  

	  
.010	  
<.001	  

	  
.939	  
.855	  

1	  

	  
.881	  
.798	  

	  
1.000	  
.915	  

	  
HR	  –	  hazard	  ratio;	  CI	  –confidence	  interval;	  ICD-‐10	  –	  International	  Classification	  of	  Diseases	  version	  10;	  *	  -‐	  Consists	  
of	  Alberta,	  Saskatchewan,	  and	  Manitoba;	  **	  -‐	  Consists	  of	  New	  Brunswick,	  NewFoundland,	  Nova	  Scotia	  and	  Prince	  
Edward	  Island;	  ASO	  –	  Administrative	  Services	  Only	  
	  
Factors	  that	  have	  a	  p-‐value	  of	  less	  than	  0.01	  are	  significant	  predictors	  of	  claim	  closure	  
	  
An	  HR	  of	  greater	  than	  1	  is	  associated	  with	  faster	  claim	  closure;	  an	  HR	  of	  less	  than	  1	  is	  associated	  with	  slower	  claim	  
closure	  
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11.3	   Long-‐term	  disability	  

Of	  10,338	  LTD	  claims	  due	  to	  depression,	  6668	  (65%)	  were	  closed	  and	  3670	  (35%)	  

were	  censored	  when	  our	  data	  was	  captured.	  Of	  the	  6668	  closed	  claims,	  4542	  (68.1%)	  

returned	  to	  work	  (Table	  11.1).	  

	  

Figure	  11.2	  presents	  the	  time	  to	  closure	  survival	  curve	  for	  LTD	  claimants.	  

	  

11.3.1	   Factors	  predictive	  of	  time	  to	  claim	  closure	  

Our	  adjusted	  regression	  analysis	  showed	  that	  receipt	  of	  psychotherapy	  (HR	  [99%	  CI]	  

=	  1.42	  [1.30	  to	  1.55])	  was	  independently	  associated	  with	  faster	  claim	  closure.	  Older	  

age	  (0.83	  [0.80	  to	  0.85]),	  a	  primary	  diagnosis	  of	  recurrent	  depression	  (0.80	  [0.72	  to	  

0.89]),	  a	  psychological	  secondary	  diagnosis	  (0.66	  [0.61	  to	  0.71])	  or	  non-‐psychological	  

secondary	  diagnosis	  (0.77	  [0.71	  to	  0.83]),	  longer	  time	  from	  claim	  registration	  to	  claim	  

approval	  (0.98	  [0.96	  to	  0.997]),	  and	  ASO	  (0.87	  [0.75	  to	  0.996])	  or	  refund	  (0.73	  [0.68	  to	  

0.78])	  policy	  claims	  compared	  to	  non-‐refund	  policy	  claims	  were	  associated	  with	  

slower	  claim	  closure.	  

	  

Residing	  in	  the	  Prairies	  (1.46	  [1.31	  to	  1.61])	  or	  Quebec	  (1.93	  [1.78	  to	  2.09]	  versus	  

Ontario	  were	  associated	  with	  faster	  claim	  closure	  (Table	  11.3).	  	  
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Figure	  11.2:	  Kaplan	  Meier	  time	  to	  event	  curve	  of	  time	  to	  
LTD	  claim	  closure	  
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Table	  11.3:	  Factors	  predictive	  of	  time	  to	  long-‐term	  
disability	  claim	  closure	  

 
Factor	   p-‐value	   HR	   99.0%	  CI	  for	  HR	  

Lower	   Upper	  
Receipt	  of	  psychotherapy	   <.001	   1.417	   1.297	   1.547	  
Age	  (per	  10	  years)	   <.001	   .825	   .797	   .854	  
Gender	  
Female	  
Male	  (reference	  group)	  

	  
.091	  

	  
.956	  

1	  

	  
.892	  

	  
1.024	  

Salary	  (per	  $1000	  per	  week)	   .278	   1.076	   .904	   1.280	  
ICD-‐10	  primary	  diagnosis	  
Major	  depression	  (reference	  group)	  
Recurrent	  depression	  

	  
	  

<.001	  

	  
1	  

.803	  

	  
	  

.724	  

	  
	  

.891	  
ICD-‐10	  secondary	  diagnosis	  
Psychological	  diagnosis	  

	  
<.001	  

	  
.765	  

	  
.705	  

	  
.830	  

Non-‐psychological	  diagnosis	   <.001	   .659	   .594	   .732	  
None	  (reference	  group)	  

Time	  to	  approval	  (months)	  
	  

.003	  
1	  

.978	  
	  

.959	  
	  

.997	  
Province	  	  
British	  Columbia	  

	  
.197	  

	  
.937	  

	  
.823	  

	  
1.067	  

Prairies*	   <.001	   1.455	   1.313	   1.611	  
Quebec	   <.001	   1.928	   1.782	   2.086	  
Maritimes**	   .613	   .968	   .820	   1.143	  
Ontario	  (reference	  group)	   .	   	  	  	  	  	  	  	  	  	  1	   	   	  

Funding	  type	  
ASO	  	  
Refund	  
Non-‐refund	  (reference	  group)	  

	  
.008	  
<.001	  

	  
.866	  
.729	  

1	  

	  
.754	  
.681	  

	  
.996	  
.780	  

HR	  –	  hazard	  ratio;	  CI	  –confidence	  interval;	  ICD-‐10	  –	  International	  Classification	  of	  Diseases	  version	  10;	  *	  -‐	  Consists	  
of	  Alberta,	  Saskatchewan,	  and	  Manitoba;	  **	  -‐	  Consists	  of	  New	  Brunswick,	  NewFoundland,	  Nova	  Scotia	  and	  Prince	  
Edward	  Island;	  ASO	  –	  Administrative	  Services	  Only	  
	  
Factors	  that	  have	  a	  p-‐value	  of	  less	  than	  0.01	  are	  significant	  predictors	  of	  claim	  closure	  
	  
An	  HR	  of	  greater	  than	  1	  is	  associated	  with	  faster	  claim	  closure;	  an	  HR	  of	  less	  than	  1	  is	  associated	  with	  slower	  claim	  
closure	  
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11.3.2	   Factors	  predictive	  of	  receipt	  of	  psychotherapy	  among	  LTD	  claims	  

Older	  age	  (OR	  [99%	  CI]	  =	  0.90	  [0.83	  to	  0.97]),	  a	  non-‐psychological	  secondary	  

diagnosis	  (0.78	  [0.62	  to	  0.98]),	  residing	  in	  Quebec	  compared	  to	  Ontario	  (0.53	  [0.44	  to	  

0.64]),	  and	  an	  ASO	  (0.58	  [0.42	  to	  0.80])	  or	  refund	  (0.70	  [0.60	  to	  0.82])	  policy	  claims	  

compared	  to	  non-‐refund	  were	  associated	  with	  a	  lower	  likelihood	  of	  receiving	  

psychotherapy.	  Females	  versus	  males	  (1.20	  [1.02	  to	  1.41]),	  and	  residing	  in	  the	  

prairies	  versus	  Ontario	  (1.32	  [1.08	  to	  1.62])	  were	  associated	  with	  a	  higher	  likelihood	  

of	  receiving	  psychotherapy.	  

	  

Table	  11.4	  provides	  a	  summary	  of	  factors	  that	  were	  independently	  associated	  with	  

time	  to	  STD	  and	  LTD	  claim	  closure	  compared	  to	  our	  anticipated	  direction	  of	  effect.	  
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Table	  11.4:	  Comparison	  between	  predictors	  associated	  
with	  time	  to	  claim	  closure	  for	  short-‐term	  disability	  versus	  
long-‐term	  disability	  claims	  

 
Predictors	  associated	  with	  time	  to	  claim	  closure	   STD	   LTD	   Anticipated	  

direction	  
Receipt	  of	  psychotherapy	   -‐	   +	   O/+	  
Older	  age	   -‐	   -‐	   -‐	  
Female	  (compared	  to	  males)	   -‐	   NS*	   -‐	  
White	  collar	  industry	  (compared	  to	  blue	  collar	  industry)	   -‐	   N/A	   -‐	  
Grey	  collar	  industry	  (compared	  to	  blue	  collar	  industry)	   NS*	   N/A	   -‐	  
Higher	  salary	   -‐	   NS**	   -‐	  
Recurrent	  depression	  (compared	  to	  major	  depression)	   -‐	   -‐	   -‐	  
Secondary	  psychological	  diagnosis	  (compared	  to	  no	  diagnosis)	   -‐	   -‐	   -‐	  
Secondary	  nonpsychological	  diagnosis	  (compared	  to	  no	  
diagnosis)	  

-‐	   -‐	   -‐	  
Longer	  maximum	  benefit	  period	  duration	   -‐	   N/A	   -‐	  
Longer	  time	  from	  claim	  registration	  to	  claim	  approval	   +	   -‐	   -‐	  
Prairies	  (compared	  to	  Ontario)	   +	   +	   -‐	  
Quebec	  (compared	  to	  Ontario)	   -‐	   +	   O	  
Maritimes	  (compared	  to	  Ontario)	   +	   NS*	   -‐	  
ASO	  funding	  (compared	  to	  non-‐refund)	   -‐	   -‐	   -‐	  
Refund	  funding	  (compared	  to	  non-‐refund)	   -‐	   -‐	   -‐	  
Shaded	  rows	  represent	  associations	  that	  were	  in	  the	  opposite	  directions	  of	  what	  we	  anticipated	  
STD:	  short-‐term	  disability;	  LTD:	  long-‐term	  disability;	  +:	  associated	  with	  faster	  claim	  closure;	  -‐:	  associated	  with	  
slower	  claim	  closure;	  O:	  associated	  with	  similar	  resolution;	  NS*:	  not	  significant	  but	  consistent	  with	  anticipated	  
direction;	  NS**:	  not	  significant	  and	  not	  consistent	  with	  anticipated	  direction;	  N/A=	  not	  included	  in	  the	  model	  
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CHAPTER	  12	  

DISCUSSION	  

	  

12.1	   Summary	  of	  main	  results	  

Our	  study,	  evaluating	  the	  effect	  of	  psychotherapy	  on	  disability	  benefit	  claim	  closure	  in	  

patients	  suffering	  from	  a	  primary	  diagnosis	  of	  depression,	  found	  that	  receipt	  of	  

psychotherapy	  was	  associated	  with	  longer	  time	  to	  STD	  closure	  and	  faster	  LTD	  claim	  

closure.	  For	  STD	  and	  LTD	  claims,	  older	  age,	  a	  primary	  diagnosis	  of	  recurrent	  

depression	  (compared	  to	  major	  depression),	  a	  secondary	  psychological	  or	  non-‐

psychological	  diagnosis	  (versus	  no	  secondary	  diagnosis),	  and	  an	  administrative	  

services	  only	  or	  a	  refund	  policy	  (compared	  to	  a	  non-‐refund	  policy)	  were	  commonly	  

predictive	  of	  slower	  claim	  closure.	  We	  found	  no	  common	  predictors	  that	  were	  

independently	  associated	  with	  receipt	  of	  psychotherapy	  for	  both	  STD	  and	  LTD	  claims.	  

	  

12.2	   Strengths	  and	  limitations	  

The	  strengths	  of	  our	  study	  included	  a	  priori	  creation	  of	  regression	  models	  and	  the	  

anticipated	  direction	  of	  included	  independent	  variables.	  Other	  strengths	  include	  

limited	  missing	  data,	  correction	  of	  identifiable	  data	  errors	  and	  inconsistencies,	  and	  

validation	  checks	  to	  ensure	  the	  accuracy	  of	  our	  sample	  estimates	  from	  our	  regression	  

models.	  
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Our	  study	  has	  several	  limitations.	  First,	  this	  was	  a	  retrospective	  cohort	  study	  in	  which	  

the	  reasons	  for	  administering	  psychotherapy	  are	  uncertain.	  Thus,	  despite	  our	  

adjusted	  models,	  it	  remains	  possible	  that	  selection	  bias	  affected	  our	  findings;	  STD	  

claimants	  who	  received	  psychotherapy	  were	  less	  likely	  to	  resolve	  their	  claims	  and	  

LTD	  claimants	  chosen	  to	  receive	  psychotherapy	  were	  more	  likely	  to	  resolve	  their	  

claims	  irrespective	  of	  the	  intervention.	  Second,	  a	  number	  of	  variables	  that	  may	  be	  

important	  to	  consider	  were	  unavailable	  (e.g.,	  baseline	  severity	  of	  depression,	  patient	  

expectations	  regarding	  recovery,	  and	  the	  use	  of	  antidepressants),	  and	  some	  variables	  

were	  not	  optimally	  collected.	  For	  example,	  all	  psychotherapies	  were	  categorized	  as	  an	  

aggregate	  variable	  and	  the	  specific	  type	  of	  psychotherapy	  provided	  was	  not	  available,	  

although	  the	  insurer	  felt	  that	  majority	  of	  psychotherapy	  administered	  was	  CBT.	  Third,	  

our	  association	  between	  psychotherapy	  and	  longer	  time	  to	  STD	  claim	  closure	  

may	  represent	  a	  misleading	  finding:	  the	  effects	  of	  some	  common	  forms	  of	  

psychotherapy	  (e.g.,	  CBT)	  typically	  take	  months	  [i.e.,	  greater	  than	  3	  months]	  to	  

manifest	  [25],	  meaning	  that	  even	  an	  effective	  therapy	  may	  not	  show	  an	  effect	  during	  

the	  limited	  time	  that	  an	  STD	  claim	  is	  paid	  out.	  Further,	  it	  is	  possible	  that	  those	  

receiving	  psychotherapy	  in	  the	  STD	  group	  had	  more	  severe	  depression	  or	  may	  have	  

been	  motivated	  by	  secondary	  financial	  gains	  (e.g.,	  being	  approved	  for	  LTD	  benefits).	  

Finally,	  our	  primary	  outcome,	  claim	  closure,	  reflects	  to	  only	  a	  limited	  extent	  the	  more	  

important	  outcome	  of	  sustained	  return	  to	  work	  [26].	  	  
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12.3	   Findings	  in	  context	  with	  previous	  evidence	  

The	  association	  between	  receipt	  of	  psychotherapy	  and	  claim	  closure	  or	  return	  to	  work	  

has	  received	  limited	  attention	  in	  the	  published	  literature.	  However,	  a	  recent	  article	  

reported	  the	  effectiveness	  of	  a	  pilot	  vocationally	  oriented	  CBT	  in	  assisting	  very	  long-‐

term	  unemployed	  individuals	  return	  to	  work	  [27],	  and	  a	  recent	  RCT	  reported	  that	  

individuals	  treated	  with	  work-‐focused	  CBT	  returned	  to	  work	  on	  average	  65	  days	  

earlier	  than	  those	  receiving	  traditional	  CBT	  [28].	  	  

	  

Our	  findings	  are	  consistent	  with	  previous	  evidence	  that	  shows	  that	  older	  age	  

[22,29,30,31],	  higher	  salary	  [29],	  and	  comorbidities	  (presence	  of	  secondary	  

diagnoses)	  are	  associated	  with	  worse	  recovery	  [31,32].	  We	  found	  inconsistent	  

association	  of	  female	  gender	  with	  claim	  closure	  between	  STD	  and	  LTD	  claims.	  

Previous	  evidence	  is	  also	  inconsistent	  with	  a	  recent	  review	  finding	  no	  significant	  

association	  [22]	  and	  two	  other	  reviews	  finding	  female	  gender	  as	  a	  significant	  

predictor	  of	  longer	  duration	  of	  sick	  leave	  [29,33].	  Differences	  in	  the	  results	  may	  be	  

explained	  by	  the	  different	  conditions	  studied	  and/or	  adjusting	  for	  different	  prognostic	  

factors	  in	  the	  regression	  models.	  

	  

We	  found	  that	  longer	  claim	  approval	  time	  was	  associated	  with	  longer	  time	  to	  LTD	  

claim	  closure	  but	  faster	  STD	  claim	  closure,	  and	  ASO	  or	  refund	  policies	  were	  associated	  
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with	  longer	  time	  to	  claim	  closure	  in	  both	  STD	  and	  LTD	  claims.	  These	  associations	  had	  

not	  been	  previously	  reported.	  Longer	  approval	  times	  for	  LTD	  claims	  may	  delay	  

treatment	  initiation,	  which	  potentially	  delays	  recovery	  (and	  claim	  closure).	  Although	  

we	  found	  an	  opposite	  association	  for	  STD	  claims,	  STD	  approval	  times	  were	  found	  to	  be	  

relatively	  short	  (median	  (interquartile	  range	  [IQR])	  of	  0.4	  [0.2	  to	  0.7]	  months)	  

compared	  to	  LTD	  approval	  times	  (1.5	  [0.9	  to	  2.3]	  months),	  and	  thus	  this	  may	  not	  

represent	  an	  important	  effect.	  	  	  

	  

The	  association	  of	  ASO	  or	  refund	  policies	  with	  delayed	  recovery	  may	  be	  explained	  by	  

differences	  in	  the	  amount	  of	  rehabilitation	  services	  provided.	  For	  example,	  among	  

LTD	  claims,	  we	  found	  that	  non-‐refund	  policies	  were	  significantly	  more	  likely	  to	  

receive	  psychotherapy	  than	  other	  policy	  types:	  13%	  of	  claimants	  with	  ASO	  and	  refund	  

policies	  received	  psychotherapy	  compared	  to	  18%	  of	  claimants	  with	  a	  non-‐refund	  

policy.	  In	  our	  model,	  we	  were	  only	  able	  to	  adjust	  for	  psychotherapy	  and	  there	  could	  be	  

differences	  in	  other	  services	  (e.g.,	  work	  hardening	  program)	  provided	  between	  the	  

policy	  types.	  These	  findings	  warrant	  further	  exploration.	  	  

	  

Although	  we	  did	  not	  predict	  that	  the	  Prairies	  region	  would	  have	  faster	  claim	  closure	  in	  

both	  STD	  and	  LTD	  claims	  and	  Quebec	  would	  have	  faster	  claim	  closure	  in	  LTD	  claims	  

(compared	  to	  Ontario),	  post-‐hoc	  discussions	  with	  insurance	  administrators	  suggested	  

that	  these	  associations	  may	  be	  explained	  by	  the	  economic	  growth	  in	  the	  Prairies	  
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region.	  These	  discussions	  also	  suggested	  that	  greater	  number	  of	  mental	  health	  claims	  

treated	  in	  Quebec	  may	  have	  resulted	  in	  a	  more	  established	  infrastructure	  facilitating	  

claim	  resolution.	  However,	  we	  are	  uncertain	  as	  to	  why	  the	  same	  effect	  of	  faster	  claim	  

closure	  in	  Quebec	  was	  not	  illustrated	  for	  STD	  claims.	  

	  

12.4	   Future	  directions	  

Our	  findings	  reveal	  uncertainty	  about	  the	  true	  effect	  of	  psychotherapy	  on	  time	  to	  

claim	  resolution,	  among	  patients	  with	  depression.	  A	  prospective	  study	  with	  careful	  

measurement	  of	  all	  putative	  determinants	  of	  claim	  resolution	  would	  strengthen	  the	  

evidence;	  a	  randomized	  controlled	  trial	  could	  settle	  the	  issue	  definitively.	  Such	  

research	  is	  required	  before	  payers	  and	  clinicians	  can	  confidently	  decide	  whether	  they	  

should	  decrease,	  continue	  or	  expand	  the	  use	  of	  psychotherapy	  in	  managing	  these	  

patients.	  
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CHAPTER	  13	  

CONCLUSIONS	  

	  

Our	  study	  found,	  paradoxically,	  that	  receipt	  of	  psychotherapy	  is	  significantly	  

associated	  with	  longer	  time	  to	  claim	  closure	  in	  individuals	  receiving	  STD,	  and	  faster	  

claim	  closure	  in	  patients	  receiving	  LTD.	  We	  also	  found	  evidence	  to	  suggest	  that	  age,	  

presence	  and	  type	  of	  diagnoses,	  type	  of	  policy	  funding,	  gender,	  salary,	  industry,	  time	  

to	  claim	  approval	  and	  province	  claimants	  reside	  in	  are	  predictive	  of	  claim	  closure.	  

Establishing	  the	  causal	  effect	  of	  psychotherapy	  on	  claim	  resolution	  will	  require	  well-‐

designed	  prospective	  studies.	  	  
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STUDY	  3	  
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trial	  analysis:	  a	  guide	  for	  systematic	  reviewers	  
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CHAPTER	  14	  

ABSTRACT	  

	  
Background:	  No	  methods	  directly	  address	  the	  impact	  of	  missing	  participant	  data	  for	  

continuous	  outcomes	  in	  systematic	  reviews	  on	  risk	  of	  bias.	  	  

Methods:	  We	  conducted	  a	  consultative,	  iterative	  process	  to	  develop	  a	  framework	  for	  

handling	  missing	  participant	  data	  for	  continuous	  outcomes.	  We	  considered	  sources	  

reflecting	  real	  observed	  outcomes	  in	  participants	  followed-‐up	  in	  individual	  trials	  

included	  in	  the	  systematic	  review,	  and	  developed	  a	  range	  of	  plausible	  strategies.	  We	  

applied	  our	  approach	  to	  two	  systematic	  reviews.	  

Results:	  We	  use	  5	  sources	  of	  data	  for	  imputing	  the	  means	  for	  participants	  with	  

missing	  data.	  To	  impute	  SD,	  we	  use	  the	  median	  SD	  from	  the	  control	  arms	  of	  all	  

included	  trials.	  Using	  these	  sources,	  we	  developed	  four	  progressively	  more	  stringent	  

imputation	  strategies.	  In	  the	  first	  example	  review,	  effect	  estimates	  diminished	  and	  lost	  

significance	  as	  strategies	  became	  more	  stringent,	  suggesting	  rating	  down	  confidence	  

in	  estimates	  of	  effect	  for	  risk	  of	  bias.	  In	  the	  second,	  effect	  estimates	  maintained	  

statistical	  significance	  using	  even	  the	  most	  stringent	  strategy,	  suggesting	  missing	  data	  

does	  not	  undermine	  confidence	  in	  results.	  	  

Conclusions:	  Our	  approach	  provides	  a	  useful,	  reasonable	  and	  relatively	  simple,	  

quantitative	  guidance	  for	  judging	  the	  impact	  of	  risk	  of	  bias	  as	  a	  result	  of	  missing	  

participant	  data	  in	  systematic	  reviews	  of	  continuous	  outcomes.	  
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CHAPTER	  15	  

What	  this	  study	  adds?	  

	  

[1]	  Specific	  guidance	  for	  addressing	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  

meta-‐analyses	  and	  for	  judging	  the	  associated	  risk	  of	  bias	  is	  currently	  unavailable.	  

[2]	  We	  developed	  an	  approach	  consisting	  of	  four	  increasingly	  stringent	  data	  imputation	  

strategies	  to	  address	  these	  two	  issues.	  	  

[3]	  Our	  approach	  provides	  a	  useful,	  reasonable	  and	  relatively	  simple,	  quantitative	  guidance	  

for	  judging	  the	  impact	  of	  risk	  of	  bias	  as	  a	  result	  of	  missing	  participant	  data	  in	  systematic	  

reviews	  of	  continuous	  outcomes.	  
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CHAPTER	  16	  

INTRODUCTION	  
	  

Greater	  than	  80%	  of	  randomized	  controlled	  trials	  (RCTs)	  published	  in	  top	  general	  

medical	  journals	  suffer	  from	  missing	  participant	  data	  [1].	  If	  participants	  with	  missing	  

data	  have	  different	  outcomes	  from	  those	  with	  available	  data,	  it	  may	  introduce	  bias	  in	  

the	  results	  of	  the	  individual	  trials	  and	  of	  systematic	  reviews	  and	  meta-‐analyses	  using	  

those	  results.	  For	  example,	  participants'	  experience	  of	  adverse	  outcomes	  or	  toxic	  

effects	  from	  therapy	  may	  lead	  them	  to	  withdraw	  from	  the	  trial.	  Alternatively,	  

participants	  could	  do	  very	  well,	  making	  them	  less	  interested	  in	  continuing	  the	  

treatment	  and	  leading	  to	  their	  withdrawal	  from	  the	  trial.	  	  

	  

The	  Cochrane	  Collaboration	  has	  proposed	  strategies	  for	  handling	  missing	  participant	  

data	  for	  dichotomous	  outcomes	  in	  systematic	  reviews	  [2].	  We	  proposed	  additional	  

strategies	  that	  use	  plausible	  assumptions	  regarding	  outcomes	  of	  trial	  participants	  

with	  missing	  data	  [3].	  A	  systematic	  survey	  of	  RCTs	  published	  in	  prestigious	  general	  

medical	  journals	  found	  that	  applying	  these	  strategies	  could	  change	  the	  interpretation	  

of	  results	  in	  up	  to	  33%	  of	  RCTs	  [1].	  
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Individual	  trials	  with	  continuous	  outcomes	  sometimes	  analyze	  only	  participants	  with	  

available	  data—complete	  case	  (or	  available	  case)	  analysis.	  Alternatively	  individual	  

trials	  commonly	  use	  single	  imputation	  techniques	  such	  as	  last	  observation	  carried	  

forward	  (LOCF)	  and	  baseline	  observation	  carried	  forward	  (BOCF),	  and	  multiple	  

imputation	  techniques.	  LOCF	  replaces	  the	  missing	  value	  with	  the	  participant’s	  last	  

known	  value	  while	  BOCF	  replaces	  the	  missing	  value	  with	  the	  participant’s	  baseline	  

value.	  These	  single	  imputation	  techniques	  make	  an	  unlikely	  assumption	  that	  

outcomes	  stay	  constant,	  and	  ignore	  uncertainty	  in	  imputed	  estimates	  resulting	  in	  

spuriously	  narrow	  confidence	  intervals	  [4,	  5].	  Multiple	  imputation	  incorporates	  

missing	  data	  uncertainty	  by	  replacing	  missing	  values	  with	  a	  set	  of	  plausible	  values	  [6].	  

Imputation	  techniques	  are	  not	  applicable	  in	  systematic	  reviews	  unless	  individual	  

participant	  data	  is	  available.	  

	  

Addressing	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  reviews	  

provides	  additional	  challenges	  to	  those	  of	  individual	  studies:	  individual	  patient	  data	  is	  

usually	  unavailable,	  there	  are	  a	  wide	  range	  of	  possible	  imputed	  values	  [2],	  and	  any	  

approach	  should	  ideally	  address	  the	  measure	  of	  effect	  (such	  as	  the	  mean,	  mean	  

difference	  or	  standardized	  mean	  difference)	  and	  the	  associated	  measure	  of	  precision	  

(such	  as	  the	  standard	  deviation	  [SD]	  or	  standard	  error).	  	  
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Currently,	  no	  methods	  have	  been	  proposed	  for	  investigating	  the	  extent	  to	  which	  

missing	  participant	  data	  for	  continuous	  outcomes	  may	  bias	  the	  results	  of	  systematic	  

reviews.	  Other	  than	  rating	  down	  for	  loss	  to	  follow-‐up	  in	  the	  Cochrane	  Risk	  of	  Bias	  Tool	  

[7],	  the	  Cochrane	  Collaboration	  handbook	  provides	  no	  guidance	  for	  systematic	  

reviewers	  to	  decide	  on	  the	  degree	  of	  concern	  warranted	  by	  missing	  participant	  data.	  

To	  address	  this	  problem,	  we	  propose	  an	  approach	  for	  addressing	  the	  impact	  of	  

missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  reviews.	  
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CHAPTER	  17	  

METHODS	  
	  

17.1	   Development	  of	  approach	  

We	  formed	  a	  group	  of	  nine	  members	  consisting	  of	  clinical	  epidemiologists,	  

methodologists,	  and	  biostatisticians,	  with	  extensive	  experience	  in	  systematic	  reviews	  

of	  continuous	  outcomes.	  Five	  members	  of	  the	  group	  had	  participated	  in	  a	  study	  of	  

how	  to	  address	  missing	  participant	  data	  for	  dichotomous	  outcomes	  and	  its	  potential	  

impact	  on	  the	  estimates	  of	  the	  effect	  of	  treatment	  in	  RCTs	  [1].	  We	  reviewed	  the	  

available	  literature	  on	  the	  topic	  including	  the	  Cochrane	  Handbook	  [1,	  2,	  7-‐9],	  and	  then	  

conducted	  a	  consultative,	  iterative	  process	  to	  develop	  our	  approach.	  	  

	  

We	  defined	  missing	  participant	  data	  as	  data	  unavailable	  to	  the	  investigator(s)	  or	  

available	  to	  the	  investigator(s)	  but	  not	  included	  in	  published	  reports.	  For	  imputing	  

means	  and	  SDs	  for	  participants	  with	  missing	  data,	  we	  considered	  a	  number	  of	  possible	  

sources	  of	  data.	  All	  these	  sources	  reflect	  real	  observed	  outcomes	  in	  participants	  

followed-‐up	  (i.e.,	  those	  with	  available	  outcome	  data)	  in	  individual	  trials	  included	  in	  

the	  systematic	  review.	  We	  developed	  strategies	  to	  combine	  imputations	  for	  

participants	  with	  missing	  data	  in	  the	  intervention	  and	  control	  arms	  with	  available	  

results	  from	  patients	  with	  complete	  data.	  Our	  assumption	  for	  this	  approach	  is	  that	  

reasons	  for	  missing	  data,	  and	  the	  participants	  with	  missing	  data,	  were	  similar	  across	  
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studies.	  It	  then	  follows	  that	  systematic	  review	  authors	  should	  determine,	  as	  far	  as	  

possible,	  reasons	  for	  missing	  data,	  and	  characteristics	  of	  populations	  with	  missing	  

data	  (versus	  those	  with	  available	  data)	  in	  the	  intervention	  and	  control	  arms	  of	  the	  

primary	  studies.	  Our	  goal	  was	  to	  suggest	  a	  range	  of	  plausible	  strategies	  that	  would	  be	  

progressively	  more	  stringent	  in	  challenging	  the	  robustness	  of	  the	  pooled	  estimates	  of	  

the	  intervention	  effect.	  In	  this	  article,	  we	  present	  our	  proposed	  approach,	  which	  we	  

apply	  to	  two	  example	  meta-‐analyses	  [10,	  11].	  

	  

17.2	   Imputing	  measure	  of	  effect	  

We	  selected	  five	  sources	  of	  data	  reflecting	  real	  observed	  mean	  scores	  in	  participants	  

followed-‐up	  (i.e.,	  with	  available	  outcome	  data)	  in	  individual	  trials	  included	  in	  a	  meta-‐

analysis:	  

[A]	  	  The	  best	  mean	  score	  among	  the	  intervention	  arms	  of	  included	  trials.	  

[B]	  	  The	  best	  mean	  score	  among	  the	  control	  arms	  of	  included	  trials.	  

[C]	  	  The	  mean	  score	  from	  the	  control	  arm	  of	  the	  same	  trial.	  

[D]	   The	  worst	  mean	  score	  among	  the	  intervention	  arms	  of	  included	  trials.	  

[E]	   The	  worst	  mean	  score	  among	  the	  control	  arms	  of	  included	  trials.	  
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The	  worst	  mean	  score	  represents	  the	  poorest	  outcome	  and	  the	  best	  mean	  score	  

represents	  the	  best	  outcome.	  These	  could	  be	  higher	  or	  lower	  scores	  depending	  on	  the	  

outcome	  instrument	  used.	  

	  

Using	  the	  five	  sources	  of	  data,	  we	  developed	  four	  progressively	  more	  stringent	  

imputation	  strategies	  for	  participants	  with	  missing	  data	  in	  the	  intervention	  and	  

control	  arms.	  Table	  17.1	  provides	  a	  matrix	  describing	  the	  following	  four	  strategies:	  

• Strategy	  1	  uses	  source	  C	  for	  those	  with	  missing	  data	  in	  both	  the	  intervention	  

and	  control	  arm.	  	  

• Strategy	  2	  uses	  source	  D	  for	  those	  with	  missing	  data	  in	  the	  intervention	  arm,	  

and	  source	  B	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  	  

• Strategy	  3	  uses	  source	  E	  for	  those	  with	  missing	  data	  in	  the	  intervention	  arm,	  

and	  source	  B	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  	  

• Strategy	  4	  uses	  source	  E	  for	  those	  with	  missing	  data	  in	  the	  intervention	  arm,	  

and	  source	  A	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  

	  

17.3	   Imputing	  measure	  of	  precision	  

We	  considered	  three	  sources	  of	  SDs,	  in	  combination	  with	  our	  strategies	  for	  imputing	  

means,	  for	  both	  the	  intervention	  and	  control	  arms:	  the	  smallest	  SD	  (likely	  most	  	  
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Table	  17.1:	  Matrix	  of	  assumptions	  for	  participants	  with	  
missing	  data	  for	  continuous	  outcomes	  in	  intervention	  and	  
control	  arms	  	  

	  

	   Assumptions	  about	  the	  means	  of	  participants	  	  
in	  intervention	  arm	  

	  

Source A 
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Source A – Best mean among intervention arms of included trials; Source B – Best mean among the control 
arms of included trials; Source C - Mean score from the control arm of the same trial; Source D – Worst mean 
among the intervention arms of included trials; Source E – Worst mean among control arms of included trials 

	  

stringent),	  the	  median	  SD,	  and	  the	  largest	  SD	  (likely	  the	  least	  stringent)	  among	  the	  

control	  arms	  of	  all	  included	  trials.	  We	  tested	  these	  different	  sources	  and	  found	  only	  

small	  differences	  in	  the	  impact	  on	  the	  pooled	  estimate	  and	  its	  confidence	  interval.	  

Ex
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Extreme	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Non	  extreme	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Extreme	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

102	  

	  

Given	  the	  median	  SD	  is	  the	  most	  plausible,	  we	  propose	  its	  use	  among	  control	  arms	  of	  

all	  included	  trials.	  

	  

17.4	   Combining	  observed	  and	  imputed	  data	  

We	  propose	  a	  three-‐step	  method	  for	  each	  imputation	  strategy.	  In	  the	  first	  step,	  for	  

each	  arm	  in	  each	  trial,	  we	  combined	  the	  observed	  means	  and	  SDs	  of	  the	  participants	  

with	  available	  data	  with	  the	  imputed	  means	  and	  SDs	  for	  participants	  with	  missing	  

data	  using	  the	  following	  formulas:	  	  

(1)	  MXTi =
(MFTi !nFTi )+ (MLTi !nLTi )

nFTi + nLTi
	  

(2)	  MXCi =
(MFCi !nFCi )+ (MLCi !nLCi )

nFCi + nLCi
	  

(3)	   SDXTi =
(nFTi !1)SDFTi

2 + (nLTi !1)SDLTi
2

nFTi + nLTi ! 2
	  

(4)	   SDXCi =
(nFCi !1)SDFCi

2 + (nLCi !1)SDLCi
2

nFCi + nLCi ! 2
	  

(5)	  nXTi = nFTi + nLTi 	  

(6)	  nXCi = nFCi + nLCi 	  

	  

where	  ‘M’	  represents	  the	  mean,	  ‘SD’	  the	  standard	  deviation,	  ‘n’	  the	  sample	  size,	  ‘X’	  the	  

combined	  estimates,	  ‘F’	  the	  followed-‐up	  group,	  ‘L’	  the	  imputed	  lost	  to	  follow-‐up	  group,	  

‘T’	  the	  treatment	  group,	  ‘C’	  the	  control	  group	  and	  ‘i’	  the	  trial.	  
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In	  the	  second	  step,	  we	  used	  the	  combined	  mean	  and	  standard	  deviation	  estimates	  

from	  each	  arm	  to	  calculate	  a	  treatment	  effect	  (mean	  difference)	  for	  each	  study.	  In	  the	  

third	  step,	  we	  performed	  a	  standard	  random-‐effects	  meta-‐analysis,	  where	  we	  

assumed	  that	  the	  studies	  included	  are	  a	  random	  sample	  of	  a	  population	  of	  studies	  

[12],	  to	  pool	  the	  newly	  calculated	  mean	  difference	  of	  all	  included	  studies.	  

	  

We	  used	  Review	  Manager	  Version	  5.1.6	  (Copenhagen:	  The	  Nordic	  Cochrane	  Centre,	  

The	  Cochrane	  Collaboration,	  2011)	  and	  Microsoft	  Excel	  2011	  to	  complete	  our	  

analyses.	  
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CHAPTER	  18	  

APPLICATION	  OF	  APPROACH	  
	  

We	  applied	  our	  approach	  to	  two	  systematic	  reviews.	  	  

	  

18.1	   CBT	  for	  depression	  in	  patients	  receiving	  disability	  benefits	  

The	  first	  systematic	  review	  evaluated	  cognitive	  behavioural	  therapy	  (CBT)	  versus	  

minimal	  to	  no	  treatment	  or	  usual	  care	  for	  depression	  in	  patients	  receiving	  disability	  

benefits.	  Depressive	  symptoms	  were	  measured	  using	  the	  Beck	  Depression	  Inventory-‐

II,	  in	  which	  higher	  scores	  represented	  a	  worse	  outcome	  and	  the	  minimal	  important	  

difference	  is	  five	  units	  (Figure	  18.1).	  The	  systematic	  review	  included	  eight	  

randomized	  trials	  and	  had	  a	  median	  missing	  participant	  data	  rate	  of	  21%	  (range	  0	  to	  

41%)	  [10].	  The	  reasons	  for	  missing	  data	  were	  provided	  in	  3	  of	  8	  studies	  [13-‐15].	  The	  

reasons	  included	  personal	  circumstances,	  medical	  illness,	  too	  time	  consuming,	  non-‐

compliance,	  lack	  of	  treatment	  response,	  moved	  residence,	  refusal	  and	  absent.	  We	  did	  

not	  find	  important	  differences	  in	  reasons	  for	  missing	  data	  across	  study	  arms	  or	  

studies,	  and	  no	  studies	  reported	  any	  significant	  differences	  in	  the	  characteristics	  of	  

those	  followed	  versus	  those	  not	  followed.	  The	  complete	  case	  analysis	  showed	  a	  mean	  

difference	  of	  -‐4.56	  (95%	  confidence	  interval	  [CI]	  of	  -‐7.35	  to	  -‐1.76).	  	  Strategy	  1	  resulted	  

in	  some	  loss	  of	  effect	  but	  maintained	  statistical	  significance.	  Strategy	  2	  resulted	  in	  

further	  loss	  of	  effect	  and	  a	  loss	  of	  statistical	  significance.	  Strategies	  3	  and	  4	  resulted	  in	  	  
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Figure	  18.1:	  Forest	  plots	  of	  the	  complete	  case	  analysis	  and	  
sensitivity	  analyses	  for	  handling	  participants	  with	  missing	  data	  for	  
continuous	  outcomes	  in	  a	  systematic	  review	  evaluating	  CBT	  for	  
depression	  in	  patients	  receiving	  disability	  benefits	  

	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

106	  

	  

even	  further	  loss	  of	  effect	  and	  much	  larger	  p-‐values	  (Figure	  18.1).	  	  

	  

18.2	   Finasteride	  for	  improvement	  in	  scalp	  hair	  for	  men	  with	  androgenetic	  alopecia	  

The	  second	  systematic	  review	  evaluated	  the	  effectiveness	  of	  finasteride	  therapy	  

versus	  placebo	  on	  improvement	  in	  scalp	  hair	  for	  men	  with	  androgenetic	  alopecia.	  The	  

review	  included	  eight	  randomized	  trials	  and	  had	  a	  median	  missing	  participant	  data	  

rate	  of	  14%	  (range	  0%	  to	  24%)	  [11].	  The	  reasons	  for	  missing	  data	  were	  provided	  in	  5	  

of	  8	  studies	  [16-‐20].	  The	  reasons	  included	  lack	  of	  efficacy,	  relocated	  residence,	  

adverse	  events,	  protocol	  violations,	  withdrawal	  of	  consent,	  and	  other.	  Again,	  there	  

were	  no	  important	  differences	  across	  studies,	  or	  in	  the	  characteristics	  of	  those	  

followed	  versus	  those	  not	  followed.	  The	  complete	  case	  analysis	  showed	  a	  mean	  hair	  

count	  increase	  of	  9.42%	  (95%	  CI	  of	  7.95%	  to	  10.90%),	  where	  greater	  hair	  count	  

percentage	  represented	  a	  better	  outcome	  (Figure	  18.2).	  All	  four	  strategies	  resulted	  in	  

some	  loss	  of	  effect	  (in	  descending	  order	  of	  approach)	  but	  maintained	  statistical	  

significance	  at	  p<0.001	  (Figure	  18.2).	  
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Figure	  18.2:	  Forest	  plots	  of	  the	  complete	  case	  analysis	  and	  
sensitivity	  analyses	  for	  handling	  participants	  with	  missing	  data	  for	  
continuous	  outcomes	  in	  a	  systematic	  review	  evaluating	  finasteride	  
therapy	  for	  androgenetic	  alopecia	  
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CHAPTER	  19	  

DISCUSSION	  

	  

19.1	   Summary	  of	  findings	  

We	  developed	  four	  increasingly	  stringent	  imputation	  strategies	  to	  take	  into	  account	  

missing	  participant	  data	  from	  continuous	  outcomes	  in	  meta-‐analyses	  and	  assessed	  the	  

associated	  risk	  of	  bias.	  Our	  approach	  demonstrated	  varying	  impact	  on	  effects	  in	  the	  

example	  systematic	  reviews.	  In	  the	  first	  review,	  effect	  estimates	  were	  diminished	  and	  

lost	  significance	  as	  the	  strategies	  became	  more	  stringent.	  In	  the	  second	  review,	  effect	  

estimates	  maintained	  statistical	  significance	  even	  using	  the	  most	  stringent	  strategy.	  	  

	  

19.2	   Implications	  on	  risk	  of	  bias	  

What	  are	  the	  implications	  of	  the	  results	  of	  our	  two	  examples	  on	  risk	  of	  bias	  associated	  

with	  missing	  data?	  In	  the	  first	  example	  (Figure	  18.1),	  the	  results	  withstand	  only	  the	  

least	  stringent	  assumptions	  regarding	  missing	  data.	  This	  suggests	  that	  the	  results	  are	  

vulnerable	  to	  risk	  of	  bias,	  and	  applying	  the	  GRADE/Cochrane	  handbook	  criteria	  for	  

confidence	  in	  estimates	  of	  effect	  (quality	  of	  evidence)	  [21,	  22],	  one	  would	  rate	  down	  

for	  risk	  of	  bias,	  even	  if	  the	  studies	  did	  not	  have	  other	  risk	  of	  bias	  issues	  (e.g.	  

concealment,	  blinding).	  	  
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In	  the	  second	  example	  (Figure	  18.2),	  the	  effect	  is	  maintained	  (though	  diminished)	  

with	  even	  the	  most	  stringent	  assumption,	  and	  the	  confidence	  interval	  remains	  

relatively	  narrow	  with	  a	  low	  p-‐value	  (<0.001).	  	  The	  appropriate	  conclusion	  may	  be	  

that	  the	  results	  are	  robust	  with	  respect	  to	  missing	  data.	  One	  might,	  however,	  want	  to	  

consider	  the	  boundaries	  of	  what	  one	  could	  consider	  an	  important	  increase	  in	  

percentage	  of	  hair	  count.	  For	  instance,	  if	  a	  guideline	  panel	  considered	  an	  increase	  of	  

less	  than	  10%	  unimportant,	  the	  panel	  might	  conclude	  that	  the	  missing	  data	  threatens	  

the	  inference	  of	  an	  important	  treatment	  effect.	  Were	  that	  so,	  the	  panel	  might	  consider	  

rating	  down	  their	  confidence	  in	  effect	  on	  the	  basis	  of	  possible	  risk	  of	  bias	  resulting	  

from	  the	  missing	  data	  (i.e.,	  a	  possibly	  important	  effect	  becomes	  unimportant	  under	  

stringent	  assumptions	  regarding	  missing	  data).	  

	  

19.3	   Properties	  

Our	  examples	  appear	  to	  illustrate	  three	  properties,	  which	  likely	  explain	  the	  

differences	  in	  results	  between	  the	  two	  examples.	  The	  first	  is	  by	  the	  size	  of	  the	  effect	  

and	  its	  precision;	  small	  effects	  with	  borderline	  significance	  are	  more	  likely	  to	  lose	  

significance	  than	  larger,	  precise	  effects.	  The	  second	  is	  the	  proportion	  of	  missing	  

participant	  data	  and	  the	  distribution	  between	  the	  treatment	  and	  control	  groups;	  the	  

greater	  the	  percentage	  of	  participants	  with	  missing	  data,	  the	  greater	  the	  risk	  of	  losing	  

significance.	  The	  third	  is	  that	  the	  more	  extreme	  the	  scores	  of	  imputation	  in	  the	  

proposed	  strategies,	  the	  more	  likely	  the	  newly	  calculated	  effects	  will	  deviate	  from	  the	  
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complete	  case	  analysis	  results.	  Although	  these	  properties	  follow	  logically	  from	  first	  

principles,	  further	  theoretical	  or	  empirical	  exploration	  would	  be	  desirable.	  

	  

19.4	   Strengths,	  limitations	  and	  other	  issues	  

The	  strengths	  of	  our	  approach	  include	  the	  use	  of	  real	  observed	  data	  from	  individual	  

trials	  and	  meta-‐analyses,	  varying	  degrees	  of	  plausible	  scenarios	  to	  test	  the	  robustness	  

of	  pooled	  estimates,	  and	  the	  application	  to	  completed	  systematic	  reviews	  with	  

different	  magnitudes	  of	  effects	  and	  missing	  participant	  data	  rates.	  Our	  approach	  also	  

addresses	  the	  implications	  of	  findings	  to	  inferences	  regarding	  risk	  of	  bias.	  The	  

approach	  is	  compatible	  with	  the	  GRADE/Cochrane	  handbook	  guidance	  for	  addressing	  

confidence	  in	  estimates	  [21,	  22].	  Another	  strength	  is	  that	  the	  approach	  we	  offer	  is	  the	  

first	  systematic,	  quantitative	  approach	  addressing	  a	  problem	  in	  which	  guidance,	  up	  to	  

now,	  has	  been	  very	  limited.	  

	  

We	  applied	  our	  approach	  to	  two	  particular	  examples;	  testing	  on	  a	  larger	  number	  

would	  be	  desirable,	  and	  might	  uncover	  problems	  or	  difficulties	  with	  our	  approach.	  

Other	  limitations	  of	  our	  approach,	  relate	  to	  some	  inevitable	  arbitrariness	  in	  the	  

choices	  we	  have	  made.	  We	  suggest	  using	  the	  best	  and	  worst	  means	  of	  the	  control	  and	  

intervention	  arms	  from	  all	  included	  trials	  for	  imputing	  means	  for	  participants	  with	  

missing	  data.	  One	  could	  make	  the	  argument	  that	  using	  the	  best	  or	  worst	  means	  may	  
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not	  be	  plausible,	  particularly	  if	  these	  results	  come	  from	  very	  small	  trials.	  On	  the	  other	  

hand,	  we	  are	  using	  real	  data	  that	  has	  actually	  been	  observed	  in	  clinical	  trials.	  	  

	  

There	  is	  also	  some	  arbitrariness	  in	  the	  particular	  four	  strategies	  we	  made	  from	  the	  

combinations	  of	  sources	  of	  mean	  values.	  At	  the	  extreme,	  one	  could	  test	  each	  of	  the	  

potential	  25	  combinations.	  	  Further,	  depending	  on	  the	  reasons	  for	  missing	  data,	  some	  

assumptions	  may	  be	  more	  reasonable	  than	  others.	  Indeed,	  we	  suggest	  that	  if	  studies	  

provide	  plausible	  reasons	  for	  missing	  data,	  investigators	  consider	  these	  in	  deciding	  on	  

plausible	  imputation	  strategies.	  We	  anticipate,	  however,	  that	  for	  an	  approach	  to	  be	  

widely	  adopted,	  it	  requires	  relative	  simplicity.	  If	  mechanisms	  underlying	  missingness	  

are	  provided	  and	  are	  idiosyncratic,	  or	  there	  are	  important	  differences	  between	  those	  

with	  available	  data	  and	  those	  with	  missing	  data	  that	  vary	  across	  studies,	  then	  

confidence	  in	  the	  estimates	  derived	  from	  our	  approach	  decreases,	  and	  more	  

sophisticated	  imputation	  strategies	  may	  be	  necessary.	  In	  our	  two	  example	  systematic	  

reviews,	  8	  of	  16	  studies	  reported	  reasons	  for	  missing	  data,	  no	  study	  reported	  

idiosyncratic	  or	  unique	  reasons	  for	  loss	  to	  follow-‐up	  that	  would	  suggest	  this	  necessity,	  

and	  no	  study	  reported	  important	  prognostic	  differences	  between	  those	  followed	  and	  

those	  not	  followed.	  The	  reasons	  for	  missingness	  reported	  were	  typical	  of	  what	  is	  

generally	  seen	  in	  RCTs.	  We	  suspect	  that	  the	  results	  in	  our	  two	  examples,	  which	  do	  not	  

provide	  compelling	  reasons	  for	  modifying	  our	  approach	  as	  a	  result	  of	  different	  
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reasons	  for	  missingness	  or	  different	  prognostic	  characteristics	  of	  those	  missing	  across	  

studies,	  will	  be	  typical	  of	  what	  systematic	  review	  authors	  will	  face.	  

	  

Regarding	  the	  choice	  of	  SD	  one	  imputes	  for	  participants	  with	  missing	  data,	  reasonable	  

options	  might	  include	  the	  median	  SD	  (our	  choice)	  or	  the	  smallest	  and	  largest	  SDs,	  or	  

sensitivity	  analyses	  testing	  all	  three	  (which	  would	  require	  12	  sensitivity	  analyses	  

simultaneously	  varying	  mean	  values	  and	  SDs).	  The	  median	  SD	  is	  the	  most	  plausible	  

and	  offers	  desirable	  simplicity.	  Moreover,	  in	  the	  two	  examples	  to	  which	  we	  have	  

applied	  our	  approach,	  the	  different	  SD	  options	  made	  very	  little	  difference	  to	  our	  

results.	  

	  

Systematic	  review	  authors	  applying	  our	  approach	  will	  face	  challenges	  when	  they	  

confront	  trials	  that	  fail	  to	  adequately	  report	  missing	  participant	  data	  or	  do	  not	  report	  

them	  at	  all.	  This	  failure	  can	  be	  classified	  into	  the	  following	  categories:	  1)	  trialists	  do	  

not	  report	  the	  frequency	  of	  missing	  participant	  data;	  2)	  trialists	  report	  total	  missing	  

participant	  data	  but	  not	  by	  trial	  arm;	  3)	  trialists	  report	  missing	  participant	  data	  to	  

which	  they	  have	  applied	  imputation	  techniques,	  and	  report	  only	  the	  analysis	  based	  on	  

the	  imputed	  values.	  	  	  
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For	  any	  trial	  in	  which	  authors	  do	  not	  report	  missing	  participant	  data	  rates,	  we	  suggest	  

using	  the	  median	  missing	  participant	  data	  rate	  from	  the	  systematic	  review.	  Some	  may	  

feel	  this	  assumption	  is	  too	  stringent.	  We	  therefore	  propose	  performing	  a	  sensitivity	  

analysis	  using	  a	  missing	  participant	  data	  rate	  of	  zero	  in	  both	  arms.	  If	  authors	  reported	  

total	  missing	  participant	  data	  only,	  we	  suggest	  assuming	  that	  missing	  data	  was	  

equally	  distributed	  in	  both	  arms.	  	  

	  

If	  the	  individual	  trial	  handled	  missing	  participant	  data	  and	  reported	  imputed	  analyses	  

only,	  we	  suggest	  using	  the	  imputed	  results	  for	  the	  meta-‐analysis.	  If	  the	  authors	  

reported	  both	  the	  imputed	  analysis	  and	  the	  complete	  case	  analysis,	  we	  suggest	  

applying	  our	  approach	  to	  the	  trial’s	  complete	  case	  analysis.	  All	  of	  these	  suggestions	  

assume	  that	  systematic	  review	  authors	  have	  attempted,	  and	  failed,	  to	  obtain	  the	  

missing	  information	  directly	  from	  trialists.	  

	  

A	  final	  consideration	  is	  that	  our	  approach	  is	  thus	  far	  restricted	  to	  systematic	  reviews	  

in	  which	  each	  study	  has	  used	  the	  same	  measurement	  instrument	  producing	  

continuous	  outcome	  data.	  	  Systematic	  review	  authors	  often	  face	  a	  group	  of	  trials	  that	  

have	  used	  different	  instruments,	  to	  measure	  a	  similar	  construct.	  Should	  others	  find	  

our	  approach	  compelling,	  development	  of	  methods	  to	  extend	  the	  approach	  to	  

systematic	  reviews	  pooling	  trials	  using	  multiple	  instruments	  would	  be	  important.	  	  	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

114	  

	  

19.5	   Conclusions	  

In	  summary,	  detailed	  guidance	  on	  how	  to	  determine	  the	  extent	  to	  which	  missing	  data	  

in	  primary	  studies	  increases	  risk	  of	  bias	  in	  systematic	  reviews	  of	  continuous	  outcomes	  

has	  thus	  far	  been	  unavailable.	  We	  suggest	  an	  approach	  that	  involves	  an	  initial	  

complete	  case	  analysis	  with	  subsequent	  sensitivity	  analyses	  making	  progressively	  

more	  stringent	  assumptions	  about	  results	  in	  patients	  with	  missing	  data;	  we	  have	  

provided	  detailed	  guidance	  for	  conducting	  such	  analyses.	  To	  the	  extent	  that	  results	  

change	  with	  the	  sensitivity	  analyses,	  risk	  of	  bias	  as	  a	  result	  of	  missing	  data	  increases.	  

The	  explicit	  guidance	  we	  have	  provided	  represents	  a	  potentially	  important	  step	  in	  

addressing	  missing	  continuous	  outcome	  data	  in	  systematic	  reviews.	  
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CHAPTER	  20	  

ABSTRACT	  

	  

Background:	  We	  previously	  developed	  an	  approach	  to	  address	  the	  impact	  of	  missing	  

participant	  data	  in	  meta-‐analyses	  of	  continuous	  variables	  in	  trials	  that	  used	  the	  same	  

measurement	  instrument.	  We	  extend	  this	  approach	  to	  meta-‐analyses	  including	  trials	  

that	  use	  different	  instruments	  to	  measure	  the	  same	  construct.	  

Methods:	  We	  reviewed	  the	  available	  literature,	  conducted	  an	  iterative	  consultative	  

process,	  and	  developed	  an	  approach	  involving	  conducting	  a	  complete	  case	  analysis	  

complemented	  by	  sensitivity	  analyses	  that	  apply	  a	  series	  of	  increasingly	  stringent	  

assumptions	  about	  results	  in	  patients	  with	  missing	  continuous	  outcome	  data.	  

Results:	  Our	  approach	  involves	  choosing	  the	  reference	  measurement	  instrument;	  

converting	  scores	  from	  different	  instruments	  to	  the	  units	  of	  the	  reference	  instrument;	  

developing	  four	  successively	  more	  stringent	  imputation	  strategies	  for	  addressing	  

missing	  participant	  data;	  calculating	  a	  pooled	  mean	  difference	  for	  the	  complete	  case	  

analysis	  and	  imputation	  strategies;	  calculating	  the	  proportion	  of	  patients	  who	  

experienced	  an	  important	  treatment	  effect;	  and	  judging	  the	  impact	  of	  estimates	  on	  

quality	  of	  evidence	  due	  to	  missing	  participant	  data.	  We	  applied	  our	  approach	  to	  an	  

example	  systematic	  review	  of	  respiratory	  rehabilitation	  for	  chronic	  obstructive	  

pulmonary	  disease.	  	  
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Conclusions:	  Our	  extended	  approach	  provides	  quantitative	  guidance	  for	  addressing	  

missing	  participant	  data	  in	  systematic	  reviews	  of	  trials	  using	  different	  instruments	  to	  

measure	  the	  same	  construct.	  
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CHAPTER	  21	  

INTRODUCTION	  

	  

Randomized	  controlled	  trials	  (RCTs)	  often	  suffer	  from	  missing	  participant	  data	  [1].	  

Missing	  participant	  data	  increases	  risk	  of	  bias	  in	  both	  individual	  trials	  and	  meta-‐

analyses.	  This	  is	  especially	  concerning	  in	  positive	  trials	  (i.e.,	  those	  with	  a	  significant	  

treatment	  effect)	  if,	  in	  the	  intervention	  group,	  the	  outcomes	  of	  participants	  with	  

missing	  data	  are	  worse	  than	  the	  outcomes	  of	  those	  with	  available	  data.	  	  

	  

The	  Cochrane	  Collaboration	  Handbook	  has	  proposed	  a	  strategy	  for	  handling	  missing	  

participant	  data	  for	  dichotomous	  outcomes	  in	  systematic	  reviews.	  The	  strategy	  

suggests	  conducting	  a	  complete	  (available)	  case	  analysis	  complemented	  by	  sensitivity	  

analyses	  of	  various	  assumptions	  regarding	  outcomes	  of	  participants	  with	  missing	  data	  

[2].	  One	  of	  the	  most	  common	  approaches	  is	  to	  adopt	  the	  “worst	  case	  scenario”,	  in	  

which	  one	  assumes	  that	  participants	  with	  missing	  data	  in	  the	  intervention	  group	  had	  

the	  worst	  outcome,	  and	  those	  in	  the	  control	  group	  had	  the	  best	  possible	  outcome	  [2].	  

Although	  this	  assumption	  tests	  the	  robustness	  of	  the	  pooled	  estimates	  for	  complete	  

case	  analyses,	  it	  is	  typically	  implausible	  [1].	  	  
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Our	  research	  group	  has	  proposed	  additional	  strategies	  that	  use	  a	  range	  of	  plausible	  

assumptions	  that	  increasingly	  challenges	  the	  results	  [1].	  These	  strategies	  make	  the	  

assumption	  that	  those	  in	  the	  intervention	  group	  with	  missing	  data	  do	  relatively	  worse	  

than	  those	  with	  available	  data,	  and	  those	  in	  the	  control	  group	  with	  missing	  data	  do	  

relatively	  better	  than	  those	  with	  available	  data.	  We	  have	  applied	  these	  strategies	  to	  

RCTs	  [1]	  and	  to	  systematic	  reviews	  [3]	  reporting	  dichotomous	  outcomes.	  

	  

Until	  recently,	  no	  methods	  were	  available	  (including	  the	  Cochrane	  Handbook)	  for	  

addressing	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  reviews	  or	  

for	  assessing	  its	  impact	  on	  quality	  of	  evidence.	  We	  have	  addressed	  this	  gap	  by	  

extending	  our	  work	  in	  dichotomous	  outcomes	  [3],	  and	  proposing	  an	  approach	  

involving	  conducting	  a	  complete	  case	  analysis	  complemented	  by	  sensitivity	  analyses	  

that	  apply	  a	  series	  of	  increasingly	  stringent	  assumptions	  about	  results	  in	  patients	  with	  

missing	  continuous	  outcome	  data	  [4].	  This	  approach	  is	  limited	  to	  systematic	  reviews	  

in	  which	  all	  trials	  used	  the	  same	  measurement	  instrument.	  In	  this	  paper,	  we	  extend	  

the	  approach	  to	  systematic	  reviews	  pooling	  trials	  using	  different	  instruments	  to	  

measure	  the	  same	  construct	  (e.g.,	  dyspnea,	  fatigue,	  emotional	  function).	  To	  further	  

enhance	  interpretability,	  we	  illustrate	  how	  to	  calculate	  important	  treatment	  effects	  

from	  the	  derived	  estimates	  using	  the	  minimally	  important	  difference	  (MID),	  the	  

smallest	  difference	  that	  patients	  perceive	  as	  important	  [5,6]	  and,	  in	  our	  discussion,	  

show	  how	  the	  results	  can	  be	  interpreted	  in	  the	  context	  of	  a	  clinical	  practice	  guideline.	  	  
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CHAPTER	  22	  

METHODS	  

	  

In	  developing	  our	  initial	  approach,	  we	  reviewed	  the	  available	  literature	  (including	  the	  

Cochrane	  Handbook)	  on	  missing	  participant	  data	  [1,2,7,8,9],	  and	  conducted	  an	  

iterative	  consultative	  process	  involving	  the	  nine	  authors	  of	  this	  paper,	  including	  

clinical	  epidemiologists,	  methodologists,	  and	  biostatisticians.	  	  

	  

Our	  approach	  addresses	  analyses	  for	  aggregate	  trial-‐level	  data	  for	  conducting	  a	  meta-‐

analysis,	  and	  not	  analyses	  of	  individual	  participant	  data	  meta-‐analyses	  or	  missing	  

study-‐level	  characteristics	  (for	  subgroup	  or	  meta-‐regression	  analyses).	  Key	  

assumptions	  of	  our	  approach	  are	  that	  reasons	  for	  missing	  data	  and	  characteristics	  of	  

patients	  with	  missing	  data	  are	  similar	  across	  studies.	  

	  

We	  defined	  missing	  participant	  data	  as	  data	  unavailable	  to	  systematic	  review	  authors	  

even	  after	  contacting	  the	  trial	  investigator(s),	  or	  unreported	  data	  of	  those	  who	  were	  

non-‐adherent	  to	  the	  trial	  protocol	  (participants	  who	  received	  the	  incorrect	  

intervention,	  a	  disallowed	  co-‐intervention,	  or	  were	  not	  compliant	  with	  the	  protocol)	  

[10].	  

	  



Ph.D.	  Thesis	  -‐	  S.	  Ebrahim;	  McMaster	  University	  –	  Clinical	  Epidemiology	  &	  Biostatistics	  

127	  

	  

Our	  approach	  also	  applies	  strategies	  to	  enhance	  interpretability	  of	  pooled	  estimates	  

using	  the	  minimally	  important	  difference	  (MID),	  the	  smallest	  difference	  that	  patients	  

perceive	  as	  either	  an	  important	  benefit	  or	  harm	  [5,6,11].	  Clinicians	  and	  researchers	  

may	  incorrectly	  treat	  the	  MID	  as	  a	  cutoff	  threshold	  of	  importance	  for	  the	  mean	  

difference:	  if	  the	  pooled	  mean	  difference	  is	  less	  than	  the	  MID,	  the	  treatment	  is	  

considered	  to	  have	  an	  unimportant	  effect.	  This	  interpretation	  assumes	  that	  all	  

patients	  gain	  the	  same	  benefit	  from	  the	  treatment.	  Contrary	  to	  this	  assumption,	  even	  if	  

the	  pooled	  mean	  difference	  is	  less	  than	  the	  MID,	  a	  substantial	  proportion	  of	  treated	  

patients	  may	  experience	  an	  important	  benefit.	  In	  our	  approach,	  we	  calculate	  the	  

proportion	  of	  patients	  who	  have	  an	  important	  treatment	  effect	  based	  on	  the	  MID.	  
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CHAPTER	  23	  

RESULTS	  

	  

Our	  proposed	  approach	  consists	  of	  the	  following	  steps:	  

• Choosing	  the	  reference	  measurement	  instrument	  

• Converting	  scores	  from	  different	  instruments	  to	  the	  units	  of	  the	  reference	  

instrument	  

• Imputing	  measures	  of	  effect	  and	  their	  precision	  

• Combining	  observed	  and	  imputed	  data	  	  

• Calculating	  the	  proportion	  of	  patients	  who	  have	  an	  important	  treatment	  effect	  	  

• Judging	  the	  impact	  of	  missing	  participant	  data	  on	  quality	  of	  evidence	  	  

	  

23.1	   Choosing	  the	  reference	  measurement	  instrument	  	  

The	  reference	  measurement	  instrument	  is	  typically	  the	  one	  that	  is	  most	  familiar	  to	  the	  

target	  audience	  (largely	  based	  on	  most	  commonly	  used)	  and/or	  has	  the	  best	  

measurement	  properties.	  Our	  criteria	  for	  prioritizing	  the	  instrument	  of	  choice	  for	  

presentation	  of	  data	  for	  this	  approach	  include,	  in	  possible	  order	  of	  importance,	  

include:	  an	  anchor-‐based	  MID	  estimate	  (i.e.,	  MID	  derived	  from	  methods	  that	  examine	  

the	  relationship	  between	  the	  measure	  of	  interest	  and	  an	  independent	  measure,	  or	  

anchor,	  to	  help	  interpret	  the	  meaning	  of	  a	  particular	  degree	  of	  change)	  [12],	  excellent	  
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measurement	  properties	  (in	  particular,	  responsiveness)	  [13],	  and	  familiarity	  to	  the	  

target	  audience.	  	  

	  

23.2	   Converting	  scores	  from	  different	  instruments	  to	  the	  reference	  instrument	  

In	  order	  to	  best	  handle	  continuous	  data	  measuring	  the	  same	  construct	  using	  different	  

instruments,	  we	  convert	  all	  results	  into	  the	  units	  of	  the	  reference	  instrument.	  When	  

the	  MID	  is	  available,	  this	  approach	  will	  facilitate	  interpretability	  of	  results	  to	  relevant	  

knowledge	  users.	  We	  will	  begin	  by	  a	  generalization	  in	  which	  two	  instruments	  are	  used	  

to	  generate	  continuous	  data	  measuring	  the	  same	  construct	  in	  which	  instrument	  A	  

represents	  the	  reference	  instrument	  and	  instrument	  B	  represents	  the	  alternative	  

instrument.	  We	  used	  the	  following	  approach:	  	  

	  

For	  each	  trial,	  we	  first	  convert	  the	  means	  and	  standard	  deviations	  of	  the	  change	  

scores	  from	  instrument	  B	  to	  the	  units	  of	  instrument	  A	  [11].	  For	  this	  calculation,	  we	  

use	  the	  following	  formulas	  to	  convert	  the	  mean	  response	  (M)	  and	  standard	  deviation	  

(SD)	  into	  the	  scale	  of	  instrument	  A:	  MAi = (MBi ! LBi )*(RAi ÷ RBi )+ LAi 	  and	  

SDAi = SDBi *(RAi ÷ RBi ) ,	  where	  LA	  and	  LB	  represent	  the	  worst	  possible	  outcome	  score	  of	  

instrument	  A	  and	  B	  respectively,	  RA	  and	  RB	  the	  ranges	  (highest	  possible	  outcome	  score	  

minus	  lowest	  possible	  outcome	  score)	  for	  instruments	  A	  and	  B	  respectively	  and	  i	  the	  

trial.	  We	  apply	  these	  formulas	  separately	  for	  the	  intervention	  group	  and	  the	  control	  
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group	  of	  each	  trial	  (example	  provided	  in	  Appendix).	  The	  remainder	  of	  our	  approach	  

will	  use	  the	  converted	  scores	  from	  the	  reference	  instrument.	  

	  

23.3	   Imputing	  measure	  of	  effect	  and	  its	  precision	  

For	  imputing	  means	  and	  SDs	  for	  participants	  with	  missing	  data,	  we	  consider	  data	  

from	  five	  sources	  that	  reflect	  observed	  outcomes	  in	  participants	  followed-‐up	  in	  the	  

individual	  trials	  included	  in	  the	  meta-‐analysis	  [4]:	  

[A]	  	  The	  best	  mean	  score	  among	  the	  intervention	  arms	  of	  included	  trials.	  

[B]	  	  The	  best	  mean	  score	  among	  the	  control	  arms	  of	  included	  trials.	  

[C]	  	  The	  mean	  score	  from	  the	  control	  arm	  of	  the	  same	  trial.	  

[D]	   The	  worst	  mean	  score	  among	  the	  intervention	  arms	  of	  included	  trials.	  

[E]	   The	  worst	  mean	  score	  among	  the	  control	  arms	  of	  included	  trials.	  

The	  worst	  mean	  score	  represents	  the	  poorest	  outcome	  and	  the	  best	  mean	  score	  

represents	  the	  best	  outcome.	  These	  could	  be	  higher	  or	  lower	  scores	  depending	  on	  the	  

instrument	  used.	  	  

	  

In	  addition	  to	  the	  complete	  case	  analysis,	  we	  offer	  four	  progressively	  more	  stringent	  

imputation	  strategies	  for	  participants	  with	  missing	  data	  that	  increasingly	  challenge	  
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the	  robustness	  of	  the	  pooled	  estimates	  of	  the	  intervention	  effect	  (Table	  23.1)	  [4].	  

Strategy	  1	  imputes	  source	  C	  for	  those	  with	  missing	  data	  in	  both	  the	  intervention	  and	  

control	  arm.	  Strategy	  2	  imputes	  source	  D	  for	  those	  with	  missing	  data	  in	  the	  

intervention	  arm,	  and	  source	  B	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  

Strategy	  3	  imputes	  source	  E	  for	  those	  with	  missing	  data	  in	  the	  intervention	  arm,	  and	  

source	  B	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  Strategy	  4,	  the	  most	  stringent	  

assumption,	  imputes	  source	  E	  for	  those	  with	  missing	  data	  in	  the	  intervention	  arm,	  and	  

source	  A	  for	  those	  with	  missing	  data	  in	  the	  control	  arm.	  We	  impute	  the	  median	  SD	  

from	  the	  control	  arms	  of	  all	  included	  trials	  for	  each	  of	  our	  strategies,	  given	  it	  is	  the	  

most	  plausible	  assumption,	  and	  a	  previous	  test	  between	  the	  smallest,	  median	  and	  

largest	  SD	  showed	  negligible	  differences	  between	  the	  three	  [4].	  

	  

23.4	   Combining	  observed	  and	  imputed	  continuous	  data	  

To	  combine	  the	  observed	  and	  imputed	  data,	  we	  suggest	  a	  three-‐step	  method	  for	  each	  

imputation	  strategy	  [4].	  In	  the	  first	  step,	  for	  each	  arm	  in	  each	  trial,	  we	  combine	  the	  

observed	  means	  and	  SDs	  of	  the	  participants	  with	  available	  data	  with	  the	  imputed	  

means	  and	  SDs	  for	  participants	  with	  missing	  data.	  In	  the	  second	  step,	  we	  use	  the	  

combined	  estimates	  from	  each	  arm	  to	  calculate	  a	  treatment	  effect	  (mean	  difference)	  

for	  each	  study.	  In	  the	  third	  step,	  we	  perform	  a	  standard	  random-‐effects	  meta-‐analysis	  

to	  pool	  the	  newly	  calculated	  mean	  difference	  of	  all	  included	  studies	  in	  the	  systematic	  

review.	  	  
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Table	  23.1.	  Matrix	  of	  assumptions	  for	  participants	  with	  missing	  data	  for	  
continuous	  outcomes	  in	  intervention	  and	  control	  arms	  	  

 
 

	   Assumptions	  about	  the	  means	  of	  participants	  	  
in	  intervention	  arm	  

	  
C.	  Mean	  score	  from	  the	  
control	  arm	  of	  the	  same	  
trial	  

D.	  Worst	  mean	  among	  
the	  intervention	  arms	  

E.	  Worst	  mean	  among	  
control	  arms	  of	  included	  
trials	  
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Strategy	  2	  

	  
Strategy	  3	  
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control	  arm	  of	  the	  same	  
trial	  	  
	  

	  
Strategy	  1	  

	  
	  

	  
	  

 

 

23.5	   Enhancing	  interpretability	  using	  MID	  

If	  the	  MID	  is	  available,	  we	  calculate,	  for	  the	  complete	  case	  analysis	  and	  each	  

imputation	  strategy,	  the	  proportion	  of	  patients	  who	  benefit	  from	  the	  treatment.	  For	  

the	  control	  group	  and	  intervention	  group	  in	  each	  trial,	  we	  first	  calculate	  the	  

probability	  (ρCi	  and	  ρEi	  respectively)	  of	  obtaining	  a	  treatment	  effect	  greater	  than	  or	  

equal	  to	  the	  MID:	   pCi =1!"
MID!mCi

sdCi

#

$
%

&

'
( 	  and pEi =1!"

MID!mEi

sdEi

#

$
%

&

'
( ,	  where	  Φ	  denotes	  

the	  standard	  normal	  cumulative	  distribution	  function,	  MID	  the	  minimally	  important	  

difference	  for	  the	  reference	  instrument,	  mCi	  and	  mEi	  the	  control	  and	  intervention	  

mean,	  and	  sdCi	  and	  sdEi	  the	  control	  and	  intervention	  standard	  deviation	  for	  the	  given	  
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trial	  i	  [11].	  For	  these	  calculations,	  we	  use	  the	  means	  and	  SDs	  derived	  from	  step	  1	  in	  

the	  section	  combining	  observed	  and	  imputed	  continuous	  data.	  

	  

We	  derive	  the	  risk	  difference	  (RD)	  for	  each	  trial	  using RDi = pEi ! pCi ,	  and	  the	  

corresponding	  standard	  errors	  (SE)	  usingSE(RDi ) =
(pEi *(1! pEi )

nEi
+
(pCi *(1! pCi )

nCi
,	  

where	  nEi	  and	  nCi	  represent	  the	  intervention	  and	  control	  sample	  size	  for	  the	  given	  trial	  

i	  (including	  those	  with	  missing	  data)	  [11].	  We	  perform	  a	  standard	  random-‐effects	  

meta-‐analysis	  using	  the	  inverse	  variance	  method	  to	  pool	  the	  calculated	  trial	  RDs.	  

	  

23.6	   Judging	  impact	  of	  missing	  participant	  data	  on	  quality	  of	  evidence	  

The	  GRADE	  framework	  for	  judging	  our	  confidence	  in	  the	  pooled	  estimates	  (quality	  of	  

evidence)	  has	  four	  levels	  -‐	  high,	  moderate,	  low,	  or	  very	  low	  confidence	  [14].	  One	  

reason	  we	  may	  lose	  confidence	  is	  due	  to	  high	  risk	  of	  bias	  as	  a	  result	  of	  missing	  

participant	  data.	  To	  judge	  whether	  to	  rate	  down	  confidence	  in	  estimates	  as	  a	  result	  of	  

missing	  participant	  data,	  systematic	  reviewers	  would	  be	  required	  to	  make	  two	  

assessments.	  	  	  

	  

The	  first	  assessment	  is	  to	  consider	  and	  apply	  the	  most	  plausible	  imputation	  strategies	  

for	  the	  systematic	  review	  under	  consideration.	  For	  some	  systematic	  reviews,	  authors	  
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may	  consider	  the	  most	  stringent	  assumption	  to	  be	  plausible;	  for	  others,	  they	  may	  not.	  

If	  the	  most	  stringent	  strategy	  were	  considered	  implausible,	  systematic	  review	  authors	  

would	  not	  conduct	  the	  sensitivity	  analysis	  corresponding	  to	  that	  strategy.	  	  

	  

The	  second	  assessment	  aims	  to	  enhance	  interpretability	  by	  considering	  the	  

proportion	  of	  patients	  who	  gain	  an	  important	  benefit	  from	  the	  intervention.	  This	  

proportion	  is	  calculated	  using	  the	  MID	  threshold.	  As	  the	  threshold	  involves	  a	  value	  

and	  preference	  judgment,	  it	  is	  typically	  in	  the	  domain	  of	  guideline	  developers.	  

Systematic	  review	  authors	  need	  to	  tailor	  their	  approach	  to	  a	  wide	  range	  of	  users	  who	  

are	  likely	  to	  have	  different	  values	  and	  preferences.	  Consequently,	  they	  should	  test	  a	  

reasonable	  range	  of	  thresholds	  that	  guideline	  panels	  may	  adopt	  as	  an	  important	  effect.	  	  

	  

A	  guideline	  panel,	  when	  considering	  a	  clinical	  recommendation,	  needs	  to	  make	  a	  

specific	  judgement	  of	  values	  and	  preferences.	  A	  direct	  translation	  of	  this	  judgment	  is	  

the	  choice	  of	  a	  threshold	  they	  adopt	  as	  an	  important	  effect	  for	  their	  intended	  

population.	  After	  the	  guideline	  panel	  has	  adopted	  a	  threshold,	  if	  -‐	  using	  a	  particular	  

imputation	  approach	  -‐	  the	  entire	  confidence	  interval	  were	  above	  the	  threshold	  (i.e.,	  

indicating	  an	  effect	  greater	  than	  the	  threshold),	  a	  guideline	  panel	  would	  not	  rate	  down	  

their	  confidence	  in	  estimates	  due	  to	  missing	  participant	  data.	  If,	  however,	  the	  

confidence	  interval	  associated	  with	  that	  imputation	  strategy	  includes	  the	  threshold,	  

the	  guideline	  panel	  would	  lose	  confidence	  that	  the	  treatment	  effect	  is	  large	  enough	  to	  
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warrant	  its	  use	  [15].	  The	  reason	  for	  rating	  down	  confidence	  would	  be	  on	  the	  basis	  of	  

risk	  of	  bias	  due	  to	  missing	  participant	  data.	  	  

	  

23.7	   Application	  of	  approach	  	  

We	  applied	  our	  approach	  to	  a	  systematic	  review	  of	  respiratory	  rehabilitation	  in	  

Chronic	  Obstructive	  Pulmonary	  Disease	  (COPD)	  [16].	  The	  systematic	  review	  included	  

31	  RCTs,	  and	  had	  a	  median	  missing	  participant	  data	  rate	  of	  17%	  (range	  0%	  to	  38%).	  	  

	  

Of	  the	  31	  RCTs,	  21	  reported	  on	  health-‐related	  quality	  of	  life	  (HRQoL),	  of	  which	  11	  

employed	  the	  Chronic	  Respiratory	  Disease	  Questionnaire	  (CRQ;	  0	  to	  7	  scale;	  higher	  

scores	  represent	  better	  outcome)	  [17,18,19,20,21,22,23,24,25,26,27,28],	  6	  the	  St.	  

Georges	  Respiratory	  Questionnaire	  (SGRQ;	  0	  to	  100;	  higher	  scores	  represent	  better	  

outcome)	  [22,29,30,31,32,33],	  1	  the	  Overall	  CRQ	  total	  score	  (0	  to	  140;	  higher	  scores	  

represent	  better	  outcome)	  [34],	  1	  the	  Activities	  of	  Daily	  Living	  (ADL)	  Questionnaire	  (0	  

to	  100;	  higher	  scores	  represent	  better	  outcome)	  [18],	  1	  the	  Sickness	  Impact	  Profile	  

(SIP;	  0	  to	  100;	  higher	  scores	  represent	  worse	  outcome)	  [35],	  1	  the	  Dyspnea	  Daily	  

Diary	  score	  (0	  to	  5;	  higher	  scores	  represent	  worse	  outcome)	  [36],	  and	  1	  the	  Dyspnea	  

rating	  (1	  to	  4;	  higher	  scores	  represent	  worse	  outcome)	  [37].	  One	  study	  reported	  both	  

the	  CRQ	  and	  SGRQ	  [22].	  
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We	  began	  by	  choosing	  the	  reference	  instrument.	  Both	  the	  CRQ	  and	  SGRQ	  have	  an	  

established	  MID,	  are	  widely	  used,	  and	  have	  well-‐established	  excellent	  measurement	  

properties.	  The	  CRQ	  is,	  however,	  more	  responsive	  [38],	  and	  on	  this	  basis,	  we	  chose	  it	  

as	  the	  reference	  instrument.	  The	  MID	  on	  the	  CRQ	  is	  0.5	  CRQ	  units	  on	  a	  1	  to	  7	  scale	  

[39].	  

	  

Of	  the	  21	  studies,	  17	  reported	  reasons	  for	  missing	  data.	  These	  included	  exacerbation	  

of	  current	  condition,	  medical	  illness,	  changes	  in	  treatment,	  time	  constraints,	  lack	  of	  

cooperation,	  social	  breakdown,	  personal	  or	  familial	  reasons,	  work-‐related	  reasons,	  

admission	  to	  a	  nursing	  home,	  lost	  interest,	  transportation	  issues,	  and	  death.	  We	  did	  

not	  find	  important	  differences	  in	  reasons	  for	  missing	  data	  across	  study	  arms	  or	  

studies.	  One	  study	  reported	  that	  those	  lost	  to	  follow-‐up	  were	  more	  likely	  to	  be	  

younger	  and	  male	  than	  those	  followed	  [35],	  and	  another	  study	  reported	  that	  those	  

lost	  to	  follow-‐up	  were	  older	  than	  those	  followed	  [27].	  	  

	  

The	  complete	  case	  analysis	  showed	  a	  pooled	  mean	  difference	  of	  0.67	  (95%	  confidence	  

interval	  [CI]	  of	  0.48	  to	  0.87)	  CRQ	  units.	  Applying	  Strategy	  1	  to	  3	  resulted	  in	  some	  loss	  

of	  effect	  but	  maintained	  statistical	  significance.	  Strategy	  4	  (the	  most	  stringent)	  

resulted	  in	  loss	  of	  statistical	  significance	  (Figure	  23.1).	  Sensitivity	  analyses	  including	  

and	  excluding	  the	  two	  studies	  that	  reported	  age	  and	  sex	  differences	  between	  those	  

followed	  and	  those	  lost	  to	  follow-‐up	  showed	  no	  important	  differences.	  	  
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Figure	  23.1:	  Complete	  case	  analysis	  and	  sensitivity	  analyses	  using	  
the	  four	  strategies	  for	  handling	  participants	  with	  missing	  data	  for	  
continuous	  outcomes	  in	  a	  systematic	  review	  of	  respiratory	  
rehabilitation	  in	  Chronic	  Obstructive	  Pulmonary	  Disease	  
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Calculation	  of	  the	  proportion	  of	  patients	  who	  achieved	  an	  improvement	  equal	  to	  or	  

greater	  than	  the	  MID	  of	  0.5	  resulted	  in	  an	  estimate	  of	  29%	  (95%	  CI	  of	  21%	  to	  37%)	  in	  

the	  complete	  case	  analysis.	  Strategies	  1	  to	  3	  results	  in	  point	  estimates	  of	  24%	  to	  18%,	  

with	  lower	  confidence	  limits	  from	  17%	  to	  11%	  (Figure	  23.2).	  	  

	  

Figure	  23.3	  presents	  the	  summary	  effects	  of	  each	  strategy	  (showing	  the	  proportion	  of	  

patients	  who	  achieved	  an	  improvement	  equal	  to	  or	  greater	  than	  the	  MID	  of	  0.5)	  and	  	  

provides	  a	  range	  of	  thresholds	  that	  guideline	  panels	  may	  adopt	  as	  an	  important	  effect,	  

i.e.,	  a	  significant	  proportion	  that	  benefit	  from	  the	  treatment.	  At	  the	  20%	  threshold,	  

confidence	  that	  the	  effect	  is	  important	  is	  secure	  only	  for	  the	  complete	  case	  analysis.	  At	  

the	  15%	  threshold,	  confidence	  that	  the	  effect	  is	  important	  is	  secure	  for	  all	  but	  the	  two	  

most	  stringent	  strategies.	  At	  the	  10%	  threshold,	  confidence	  that	  the	  effect	  is	  

important	  is	  secure	  for	  all	  but	  the	  most	  stringent	  strategy.	  	  
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Figure	  23.2:	  Interpreting	  important	  treatment	  effects	  using	  the	  four	  
strategies	  for	  handling	  participants	  with	  missing	  data	  for	  continuous	  
outcomes	  in	  a	  systematic	  review	  of	  respiratory	  rehabilitation	  in	  
Chronic	  Obstructive	  Pulmonary	  Disease	  
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Figure	  23.3:	  Interpreting	  important	  treatment	  effects	  using	  different	  thresholds	  
in	  a	  systematic	  review	  of	  respiratory	  rehabilitation	  in	  Chronic	  Obstructive	  
Pulmonary	  Disease	  	  

10%
15%
20%

Favours control Favours rehabilitation 	  
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CHAPTER	  24	  

DISCUSSION	  

	  

24.1	   Summary	  of	  findings	  

We	  developed	  a	  generalization	  of	  our	  previous	  approach	  for	  systematic	  reviewers	  to	  

judge	  the	  risk	  of	  bias	  associated	  with	  individual	  trial	  missing	  data	  to	  situations	  in	  

which	  trials	  have	  used	  different	  instruments	  to	  measure	  the	  same	  construct.	  This	  

generalization	  involves	  choosing	  the	  reference	  instrument	  (the	  instrument	  with	  the	  

best	  combination	  of	  an	  established	  anchor-‐based	  MID,	  excellent	  measurement	  

properties,	  and	  high	  familiarity	  to	  the	  target	  audience),	  converting	  scores	  to	  units	  of	  

the	  reference	  instrument,	  and	  then	  conducting	  a	  complete	  case	  analysis	  and	  four	  

increasingly	  stringent	  imputation	  strategies	  [4].	  When	  applying	  our	  approach	  to	  an	  

example	  systematic	  review,	  we	  found	  that	  the	  pooled	  effect	  estimates	  withstood	  all	  

but	  the	  most	  stringent	  assumption	  regarding	  missing	  data	  though,	  as	  we	  discuss	  

below,	  the	  same	  may	  not	  be	  true	  of	  the	  lower	  boundary	  of	  the	  confidence	  intervals.	  

	  

24.2	   Implications	  on	  quality	  of	  evidence	  

When	  applying	  the	  GRADE/Cochrane	  Handbook	  criteria	  on	  how	  missing	  participant	  

data	  impacts	  confidence	  in	  effect	  estimates	  (quality	  of	  evidence)	  [14,40],	  one	  needs	  to	  

first	  assess	  whether	  the	  fourth	  imputation	  strategy	  (worst	  control	  mean	  score	  for	  
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those	  with	  missing	  data	  in	  the	  intervention	  arm,	  and	  best	  intervention	  mean	  score	  for	  

those	  with	  missing	  data	  in	  the	  control	  arm)	  is	  considered	  plausible,	  or	  too	  stringent	  

and	  outside	  the	  realm	  of	  plausibility.	  Using	  our	  example	  of	  rehabilitation	  in	  patients	  

with	  COPD,	  if	  a	  guideline	  panel	  considered	  that	  the	  fourth	  strategy	  is	  plausible,	  they	  

are	  likely	  to	  consider	  confidence	  in	  estimates	  of	  effect	  seriously	  as	  a	  result	  of	  missing	  

data.	  As	  a	  result,	  they	  would	  rate	  down	  confidence	  in	  estimates	  of	  effect	  for	  that	  

outcome	  [14,40].	  

	  

If,	  however,	  a	  guideline	  panel	  were	  to	  consider	  the	  most	  stringent	  assumption	  to	  be	  

implausible,	  they	  would	  still	  need	  to	  consider	  whether	  the	  confidence	  interval	  around	  

the	  effect	  for	  the	  other	  three	  strategies	  crosses	  a	  threshold	  between	  an	  effect	  that	  

warrants	  recommending	  the	  intervention	  to	  an	  effect	  that	  does	  not.	  The	  minimal	  

important	  difference	  on	  the	  CRQ	  is	  0.5	  units	  [39].	  The	  lower	  confidence	  limit	  for	  the	  

first	  three	  strategies	  is	  0.39,	  0.33	  and	  0.25	  (Figure	  23.1).	  A	  naive	  interpretation	  of	  

these	  results	  would	  suggest	  that	  these	  effects	  represent	  trivial	  impact,	  thus	  

warranting	  rating	  down	  confidence	  in	  an	  important	  effect	  of	  treatment.	  	  

	  

This	  reasoning,	  however,	  assumes	  that	  all	  patients	  gain	  the	  same	  expected	  benefit	  

from	  the	  intervention.	  Our	  method	  of	  interpreting	  the	  MID	  by	  calculating	  the	  

proportion	  of	  patients	  who	  benefit	  from	  the	  treatment	  suggests,	  in	  the	  complete	  case	  

analysis,	  that	  29%	  of	  patients	  will	  have	  an	  important	  benefit	  from	  rehabilitation	  
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(Figure	  23.2).	  Further,	  the	  lower	  confidence	  limit	  suggests	  that	  at	  least	  21%	  will	  

achieve	  an	  important	  improvement	  (number	  needed	  to	  treat	  100/21	  ≈	  5	  patients)	  

(Figure	  23.2),	  a	  magnitude	  of	  benefit	  that	  is	  likely	  to	  be	  considered	  important	  [41].	  

The	  conclusion	  would	  be	  similar	  for	  strategy	  2	  given	  a	  similar	  lower	  confidence	  limit	  

around	  proportions	  achieving	  an	  important	  benefit	  (Figure	  23.2).	  	  

	  

The	  lower	  confidence	  limit	  in	  strategy	  3	  (11%	  benefiting	  and	  an	  NNT	  ≈	  9)	  may	  raise	  

greater	  concern.	  To	  the	  extent	  that	  a	  guideline	  panel	  felt	  that	  even	  10%	  of	  patients	  

improving	  by	  the	  MID	  or	  greater	  would	  constitute	  an	  important	  treatment	  effect	  and	  

any	  of	  these	  proportions	  benefiting	  would	  lead	  to	  similar	  inferences	  regarding	  the	  

desirability	  of	  the	  intervention,	  they	  would	  not	  rate	  down	  confidence	  in	  estimates	  for	  

risk	  of	  bias	  due	  to	  missing	  data	  for	  any	  of	  the	  three	  less	  stringent	  imputation	  

strategies	  (Figure	  23.3).	  If	  they	  considered	  that	  11%	  benefiting	  from	  treatment	  would	  

not	  be	  worth	  its	  undesirable	  consequences,	  they	  would	  rate	  down	  the	  quality	  of	  

evidence	  for	  risk	  of	  bias	  (Figure	  23.3).	  

	  

24.3	   Strengths,	  limitations	  and	  other	  issues	  

The	  main	  strength	  of	  our	  approach	  is	  its	  applicability	  to	  systematic	  reviews	  including	  

trials	  that	  used	  different	  instruments	  to	  measure	  continuous	  data	  of	  the	  same	  

construct.	  Additional	  strengths	  include	  the	  use	  of	  four	  increasingly	  stringent	  
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strategies	  to	  test	  a	  range	  of	  assumptions	  regarding	  missing	  data,	  the	  use	  of	  the	  MID	  to	  

calculate	  the	  proportion	  of	  patients	  who	  experience	  an	  important	  benefit,	  and	  

compatibility	  with	  GRADE	  and	  Cochrane	  handbook	  guidance	  for	  addressing	  

confidence	  in	  estimates	  on	  the	  basis	  of	  risk	  of	  bias	  as	  a	  result	  of	  missing	  participant	  

data.	  	  

	  

Our	  approach	  has	  limitations.	  The	  following	  are	  some	  possible	  situations	  in	  which	  one	  

can	  encounter	  counterintuitive	  results:	  1)	  using	  a	  combination	  of	  both	  change	  and	  

end-‐of-‐study	  scores	  in	  the	  pooled	  analysis.	  One	  should	  use	  either	  one	  method	  or	  the	  

other,	  preferably	  the	  change	  scores	  (if	  available	  or	  can	  be	  calculated)	  to	  potentially	  

avoid	  extreme	  scores;	  2)	  the	  best	  or	  worst	  means	  for	  imputations	  may	  not	  be	  

plausible	  if	  these	  results	  come	  from	  very	  small	  trials.	  In	  these	  cases,	  one	  option	  is	  

using	  the	  2nd	  best	  or	  2nd	  worst	  means	  for	  imputations.	  

	  

We	  discussed	  other	  limitations	  of	  our	  approach	  previously	  [4].	  These	  relate	  to	  some	  

arbitrariness	  in	  the	  choices	  we	  made	  such	  as	  choosing	  4	  particular	  strategies	  from	  a	  

potential	  25	  combinations,	  and	  assuming	  similar	  reasons	  for	  missing	  data	  across	  

reviews.	  In	  our	  example	  systematic	  reviews,	  17	  of	  21	  studies	  reported	  reasons	  for	  

missing	  data,	  which	  were	  similar	  across	  studies,	  and	  2	  studies	  reported	  important	  

prognostic	  differences	  between	  those	  followed	  and	  those	  not	  followed.	  Our	  sensitivity	  
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analyses	  including	  and	  excluding	  these	  2	  studies	  showed	  no	  important	  differences	  in	  

results.	  We	  anticipate	  that	  our	  approach	  will	  be	  generalizable	  across	  most	  reviews.	  

	  

Systematic	  review	  authors	  will	  find	  challenges	  applying	  our	  approach	  when	  authors	  of	  

primary	  studies	  fail	  to	  adequately	  report	  missing	  participant	  data.	  We	  provide	  

guidance	  for	  the	  most	  likely	  scenarios.	  For	  trials	  in	  which	  authors	  do	  not	  report	  

missing	  participant	  data	  rates,	  we	  suggest	  using	  the	  median	  missing	  participant	  data	  

rate	  from	  the	  systematic	  review.	  If	  one	  feels	  this	  assumption	  is	  too	  stringent,	  we	  

propose	  performing	  a	  sensitivity	  analysis	  using	  a	  missing	  participant	  data	  rate	  of	  zero	  

in	  both	  arms.	  For	  trials	  in	  which	  the	  authors	  report	  total	  missing	  participant	  data	  only,	  

we	  suggest	  assuming	  that	  missing	  data	  was	  equally	  distributed	  in	  both	  arms.	  For	  trials	  

in	  which	  the	  authors	  handled	  missing	  participant	  data	  and	  reported	  imputed	  analyses	  

only,	  we	  suggest	  using	  the	  imputed	  results	  for	  the	  meta-‐analysis.	  If	  the	  authors	  

reported	  both	  the	  imputed	  analysis	  and	  the	  complete	  case	  analysis,	  we	  suggest	  

applying	  our	  approach	  to	  the	  trial’s	  complete	  case	  analysis.	  Each	  of	  these	  suggestions	  

assumes	  that	  systematic	  review	  authors	  have	  attempted,	  and	  failed,	  to	  obtain	  the	  

missing	  information	  directly	  from	  authors	  of	  the	  individual	  trials.	  
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24.4	   Conclusions	  

In	  summary,	  we	  provide	  an	  approach	  to	  addressing	  missing	  participant	  data	  in	  

systematic	  reviews	  in	  which	  trials	  use	  different	  instruments	  to	  measure	  and	  report	  

continuous	  data	  on	  the	  same	  construct.	  This	  approach	  will	  facilitate	  increased	  rigor	  in	  

the	  conduct	  of	  systematic	  reviews	  of	  continuous	  outcomes	  with	  missing	  participant	  

data.	  	  
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CHAPTER	  25	  

CONCLUSIONS	  

	  

25.1	   Overview	  

This	  thesis	  focused	  on	  issues	  related	  to	  determining	  optimal	  management	  of	  patients	  

in	  receipt	  of	  disability	  benefits,	  specifically	  focusing	  on	  the	  effectiveness	  of	  therapies	  

for	  depression	  in	  patients	  receiving	  disability	  benefits,	  and	  addressing	  a	  key	  

methodological	  issue	  relevant	  to	  all	  systematic	  reviews	  including	  patients	  on	  

disability	  benefits:	  missing	  participant	  data	  for	  continuous	  outcomes.	  In	  the	  

remainder	  of	  this	  chapter,	  I	  discuss	  key	  findings,	  limitations	  and	  future	  directions	  

under	  two	  separate	  headings:	  management	  of	  patients	  in	  receipt	  of	  disability	  benefits,	  

and	  addressing	  missing	  participant	  data.	  

	  

25.2	   Management	  of	  patients	  in	  receipt	  of	  disability	  benefits	  

With	  the	  support	  of	  a	  large,	  private,	  Canadian	  disability	  insurer,	  I	  completed	  two	  

studies	  to	  explore	  the	  effectiveness	  of	  therapies	  for	  the	  management	  of	  depression	  in	  

patients	  receiving	  disability	  benefits.	  
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In	  the	  first	  study,	  we	  systematically	  reviewed	  the	  evidence	  from	  randomized	  

controlled	  trials	  on	  the	  effectiveness	  of	  CBT	  in	  patients	  with	  depression	  in	  receipt	  of	  

disability	  benefits	  in	  comparison	  to	  those	  not	  receiving	  disability	  benefits.	  We	  found	  

92	  potentially	  eligible	  trials,	  of	  which	  none	  reported	  whether	  they	  had	  enrolled	  

patients	  in	  receipt	  of	  disability	  benefits.	  This	  is	  a	  significant	  limitation	  in	  the	  literature,	  

as	  trialists	  are	  either	  not	  considering	  this	  question	  even	  though	  up	  to	  14%	  of	  disability	  

burden	  worldwide	  is	  due	  to	  depression,	  or	  not	  reporting	  it	  in	  their	  published	  report.	  

After	  successful	  contact	  with	  80%	  of	  trialists,	  we	  found	  that	  three	  trials	  had	  actually	  

captured	  disability	  benefit	  status	  but	  did	  not	  include	  this	  information	  in	  their	  

published	  reports.	  We	  successfully	  obtained	  raw	  data	  from	  2	  of	  the	  3	  trials	  to	  

complete	  a	  more	  powerful	  individual	  patient	  data	  meta-‐analysis.	  	  

	  

Our	  analysis	  of	  227	  patients	  enrolled	  in	  these	  2	  studies	  found	  that	  the	  effect	  of	  CBT	  for	  

depression	  (measured	  by	  the	  Beck	  Depression	  Inventory-‐II)	  was	  not	  significantly	  

different	  between	  those	  receiving	  disability	  benefits	  versus	  those	  not	  receiving	  

disability	  benefits.	  The	  confidence	  interval	  around	  our	  effect	  suggested	  a	  possible	  

greater	  effect	  in	  those	  receiving	  disability	  benefits	  but	  our	  findings	  were	  limited	  by	  

the	  small	  number	  of	  patients	  (34	  patients	  receiving	  disability	  benefits	  versus	  193	  not	  

receiving	  disability	  benefits)	  that	  were	  available	  for	  analyses.	  It	  thus	  appears	  that	  the	  

disability	  benefit	  status	  of	  depressed	  patients	  have	  been	  largely	  ignored	  in	  existing	  

trials	  of	  CBT	  for	  depression.	  
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In	  the	  second	  study,	  we	  explored	  a	  disability	  insurer’s	  administrative	  data	  to	  evaluate	  

the	  association	  between	  the	  provision	  of	  psychotherapy	  (including	  CBT)	  and	  time	  to	  

both	  STD	  and	  LTD	  claim	  closure	  (a	  surrogate	  for	  return	  to	  work).	  In	  these	  analyses,	  

we	  also	  examined	  the	  association	  between	  other	  possible	  determinants	  of	  STD	  and	  

LTD	  claim	  closure.	  

	  

We	  found	  that	  LTD	  claimants	  receiving	  psychotherapy	  closed	  their	  claim	  1.42x	  (99%	  

CI	  of	  1.30	  to	  1.55)	  faster	  than	  LTD	  claimants	  not	  receiving	  psychotherapy.	  

Paradoxically,	  however,	  STD	  claimants	  not	  receiving	  psychotherapy	  closed	  their	  

claims	  1.23	  times	  (99%	  CI	  of	  1.03	  to	  1.47)	  faster	  than	  STD	  claimants	  receiving	  

psychotherapy.	  From	  these	  results,	  it	  is	  unclear	  if	  STD	  claimants	  are	  in	  fact	  different	  

from	  LTD	  claimants,	  if	  our	  analysis	  was	  affected	  by	  selection	  bias,	  or	  if	  the	  effects	  of	  

psychotherapy	  may	  not	  be	  realized	  during	  the	  limited	  time	  that	  this	  therapy	  is	  

provided	  among	  STD	  claims.	  	  

	  

We	  also	  found	  other	  important	  factors	  that	  were	  associated	  with	  both	  STD	  and	  LTD	  

claim	  closure:	  older	  age,	  having	  a	  primary	  diagnosis	  of	  recurrent	  depression	  versus	  

major	  depression,	  having	  a	  secondary	  psychological	  or	  non-‐psychological	  diagnosis	  

and	  having	  an	  administrative	  services	  only	  or	  refund	  policy	  versus	  non-‐refund	  policy	  
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were	  associated	  with	  longer	  claim	  closure,	  and	  residing	  in	  the	  Prairies	  versus	  Ontario	  

was	  associated	  with	  faster	  claim	  closure.	  We	  found	  some	  inconsistent	  associations	  

between	  STD	  and	  LTD	  claim	  closure.	  For	  example,	  longer	  time	  to	  claim	  approval	  was	  

associated	  with	  faster	  STD	  claim	  closure	  but	  longer	  time	  to	  LTD	  claim	  closure,	  and	  

residing	  in	  Quebec	  versus	  Ontario	  was	  associated	  with	  longer	  time	  to	  STD	  claim	  

closure	  but	  faster	  LTD	  claim	  closure.	  These	  findings	  warrant	  further	  exploration.	  

Additionally,	  two	  factors	  predictive	  of	  claim	  closure,	  time	  to	  claim	  approval	  and	  type	  

of	  funding	  policy,	  are	  novel	  findings	  that	  have	  not	  been	  reported	  in	  previous	  

literature.	  	  

	  

Our	  review	  of	  the	  administrative	  data	  noted	  a	  number	  of	  issues	  that	  limit	  the	  strength	  

of	  our	  findings	  (e.g.,	  many	  existing	  variables	  were	  not	  captured	  in	  a	  systematic	  

manner	  such	  as	  capturing	  psychotherapy	  instead	  of	  CBT,	  a	  number	  of	  important	  

factors	  such	  as	  illness	  severity	  and	  patient	  beliefs	  were	  not	  captured).	  	  

	  

Our	  two	  studies	  provide	  little	  support	  for	  the	  hypothesis	  that	  CBT	  is	  less	  effective	  in	  

patients	  receiving	  disability	  benefits	  than	  in	  other	  patients.	  Our	  studies,	  however,	  

were	  limited	  by	  the	  very	  small	  number	  of	  patients	  enrolled	  in	  the	  relevant	  RCTs,	  by	  

the	  limitations	  of	  the	  administrative	  database,	  and	  by	  the	  limitations	  of	  any	  inferences	  

from	  observational	  studies.	  Thus,	  our	  findings	  highlight	  the	  need	  for	  well-‐designed	  

prospective	  studies	  to	  establish	  factors	  associated	  with	  recovery	  among	  depressed	  
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patients	  in	  receipt	  of	  disability	  benefits	  and	  randomized	  trials	  to	  definitively	  establish	  

the	  effect	  of	  CBT	  in	  depressed	  patients	  in	  receipt	  of	  disability	  benefits.	  These	  however	  

would	  be	  best	  completed	  with	  support	  from	  disability	  insurers.	  This	  research	  ought	  to	  

be	  carried	  out	  before	  we	  can	  confidently	  decide	  whether	  clinicians	  and	  payers	  should	  

decrease,	  continue	  or	  expand	  the	  use	  of	  psychotherapy	  in	  managing	  these	  patients.	  

	  

Our	  research	  group	  has	  already	  begun	  setting	  the	  stage	  for	  completing	  a	  large	  

international	  multicentre	  cohort	  study	  to	  establish	  factors	  associated	  with	  prolonged	  

recovery	  in	  patients	  receiving	  disability	  benefits,	  in	  collaboration	  with	  multiple	  

insurers	  in	  Canada,	  the	  Netherlands,	  Switzerland	  and	  Australia.	  This	  study	  will	  result	  

in	  the	  first	  validated	  instrument	  capable	  of	  identifying	  claims	  at	  risk	  of	  prolonged	  

recovery	  across	  all	  clinical	  conditions,	  which	  will	  facilitate	  effective	  triaging	  and	  

assignment	  of	  resources	  to	  claimants’	  treatments	  based	  on	  the	  severity	  of	  their	  

condition.	  This	  study	  will	  also	  provide	  essential	  information	  for	  the	  design	  of	  

randomized	  controlled	  trials	  to	  test	  interventions	  designed	  to	  improve	  the	  prognosis	  

of	  high-‐risk	  claims.	  
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25.3	   Addressing	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  

reviews	  

Issues	  related	  to	  missing	  participant	  data	  in	  continuous	  outcomes	  arose	  out	  of	  the	  

systematic	  review	  evaluating	  CBT	  for	  depression	  in	  patients	  receiving	  disability	  

benefits.	  Trials	  in	  our	  CBT	  review	  had	  a	  significant	  percentage	  of	  missing	  participant	  

data	  (median	  21%,	  range	  0	  to	  41%).	  We	  found	  that	  there	  was	  no	  guidance	  in	  the	  

literature	  or	  the	  Cochrane	  handbook	  on	  how	  systematic	  review	  authors	  should	  

address	  missing	  participant	  data	  for	  continuous	  outcomes	  and	  what	  its	  implications	  

are	  on	  risk	  of	  bias,	  aside	  from	  rating	  down	  on	  the	  Cochrane	  Risk	  of	  Bias	  tool.	  With	  no	  

guidance,	  most	  systematic	  review	  authors	  ignore	  participants	  with	  missing	  data	  and	  

carry	  out	  a	  complete	  case	  analysis	  on	  those	  with	  available	  data.	  	  

	  

We	  addressed	  this	  gap	  by	  developing	  an	  approach	  consisting	  of	  a	  range	  of	  increasingly	  

stringent	  plausible	  assumptions	  of	  what	  may	  have	  happened	  to	  those	  with	  missing	  

participant	  data.	  	  We	  provided	  detailed	  guidance	  for	  conducting	  these	  analyses,	  and	  

applied	  it	  to	  two	  example	  reviews.	  Our	  examples	  illustrated	  three	  properties	  of	  our	  

approach:	  1)	  small	  effects	  with	  borderline	  significance	  are	  more	  likely	  to	  lose	  

significance	  than	  larger,	  precise	  effects,	  2)	  the	  greater	  the	  percentage	  of	  participants	  

with	  missing	  data,	  the	  greater	  the	  risk	  of	  losing	  significance,	  and	  3)	  the	  more	  extreme	  

the	  scores	  of	  imputation	  in	  the	  proposed	  strategies,	  the	  more	  likely	  the	  newly	  

calculated	  effects	  will	  deviate	  from	  the	  complete	  case	  analysis	  results.	  Our	  approach	  
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was	  not	  restricted	  to	  patients	  on	  disability,	  and	  is	  applicable	  to	  systematic	  reviews	  of	  

randomized	  trials	  across	  all	  disciplines.	  

	  

Our	  fourth	  paper	  extended	  our	  approach	  to	  address	  missing	  participant	  data	  in	  

systematic	  reviews	  in	  which	  different	  instruments	  report	  continuous	  data	  measuring	  

the	  same	  construct.	  This	  involved	  an	  initial	  conversion	  of	  scores	  from	  all	  instruments	  

to	  the	  units	  of	  a	  reference	  instrument	  that	  measured	  the	  same	  construct,	  and	  then	  

application	  of	  our	  imputation	  strategies.	  In	  this	  study,	  we	  also	  provided	  guidance	  to	  

systematic	  review	  authors	  on	  how	  to	  calculate	  the	  proportion	  of	  patients	  who	  

experience	  a	  clinically	  important	  treatment	  effect	  derived	  from	  the	  strategies,	  and	  

how	  to	  assess	  quality	  of	  evidence	  on	  the	  basis	  of	  risk	  of	  bias	  due	  to	  missing	  participant	  

data.	  

	  

There	  were	  limitations	  to	  our	  approach	  including	  the	  arbitrariness	  of	  choosing	  4	  

strategies	  out	  of	  a	  possible	  25	  combinations,	  choice	  of	  best/worst	  means	  for	  our	  

sources	  of	  imputations	  of	  effect,	  and	  how	  to	  address	  missing	  data	  that	  may	  be	  due	  to	  

differences	  in	  prognostic	  characteristics.	  	  

	  

These	  papers	  helped	  us	  strategize	  future	  directions.	  Our	  next	  objective	  is	  to	  

empirically	  test	  our	  approach	  with	  a	  large	  number	  of	  systematic	  reviews.	  This	  would	  
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help	  uncover	  problems	  or	  issues	  that	  may	  not	  have	  been	  initially	  identified	  in	  the	  

examples	  used	  in	  our	  papers.	  Second,	  we	  are	  planning	  to	  extend	  our	  approach	  to	  

address	  harm	  outcomes	  (e.g.,	  adverse	  events).	  Third,	  we	  plan	  to	  describe	  the	  methods	  

of	  reporting	  (e.g.,	  author’s	  plan	  to	  collect	  frequency	  of	  and	  reasons	  for	  missing	  

participant	  data),	  handling	  (e.g.,	  author’s	  description	  of	  methods	  for	  addressing	  

missing	  participant	  data),	  and	  judging	  quality	  of	  evidence	  (e.g.,	  author’s	  assessment	  of	  

risk	  of	  bias	  and	  confidence	  in	  estimates,	  and	  its	  implications	  on	  findings)	  associated	  

with	  missing	  participant	  data	  for	  continuous	  outcomes	  in	  systematic	  reviews	  of	  RCTs.	  

These	  steps	  will	  help	  advance	  the	  rigor	  of	  systematic	  reviews.	  
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APPENDIX	  A	  

Search	  strategies	  of	  the	  IPDMA	  of	  CBT	  for	  depression	  in	  
patients	  receiving	  disability	  benefits	  

	  

MEDLINE	  
#3	  Search	  #1	  AND	  #2	  Limits:	  Humans,	  Randomized	  Controlled	  Trial,	  All	  Adult:	  19+	  
years,	  Publication	  Date	  from	  2011/01/01	  10:22:43	  	  
#2	  Search	  Depression	  OR	  depressive	  	  
#1	  Search	  behavior	  therapy	  OR	  biofeedback	  OR	  cognitive	  analytic	  therapy	  OR	  
cognitive	  behavior	  therapy	  OR	  counseling	  OR	  family	  therapy	  OR	  marital	  therapy	  OR	  
psychoanalytic	  therapy	  OR	  psychotherapy	  OR	  relaxation	  therapy	  	  
	  

	  
EMBASE	  
1	  psychotherapy.mp.	  	  	  
2	  depression.mp.	   	  	  
3	  random*.mp.	   	  	  
4	  1	  and	  2	  and	  3	   	  	  
5	  limit	  4	  to	  yr="2011	  -‐
Current"	  
	  

	  
PSYCINFO	  
1	  clinical	  trials/	  	  
2	  (depression	  or	  
depressive).mp.	  	  
3	  1	  and	  2	  	  
4	  limit	  3	  to	  yr="2011"	  	  
	   	  	  
	  
	  
CENTRAL	  
#1	  (Behavior-‐therapy	  OR	  Biofeedback	  OR	  Cognitive	  analytic	  therapy	  OR	  Cognitive	  
behavior	  therapy	  OR	  Cognitive-‐behavior-‐therapy	  OR	  Cognitive	  behaviour	  therapy	  OR	  
Counselling	  OR	  Counseling	  OR	  Family	  therapy	  OR	  Marital	  therapy	  OR	  Psychoanalytic	  
therapy	  OR	  Psychoanalysis	  OR	  Psychotherapy	  OR	  Relaxation	  therapy)	  AND	  
(depression	  OR	  depressive)	  	  
#2	  (#1),	  in	  2011	  
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CINAHL	  
S19	  	   S17	  or	  S18	  	   	  	  
S18	  	   S3	  AND	  S15	  Limiters	  -‐	  Clinical	  Queries:	  Review	  -‐	  High	  Sensitivity	  	  
Search	  modes	  -‐	  Boolean/Phrase	   	  	  
S17	  	   S3	  and	  S15	  Limiters	  -‐	  Clinical	  Queries:	  Review	  -‐	  High	  Sensitivity	  	  
Search	  modes	  -‐	  Boolean/Phrase	   	  	  
S16	  	   S3	  and	  S15	  	   	  	  
S15	  	   S5	  or	  S6	  or	  S7	  or	  S8	  or	  S9	  or	  S10	  or	  S11	  or	  S12	  or	  S13	  or	  S14	  	   	  	  
S14	  	   CBASP	  	   	  
S13	  	   "functional	  analytic	  psychotherapy"	  	  	  
S12	  	   "meta	  cognitive	  therapy"	  	  
S11	  	   "metacognitive	  therapy"	  	  
S10	  	   "acceptance	  and	  commitment	  therapy"	  	   	  
S9	  	   "mindfulness"	  	   	  
S8	  	   "rational	  emotive	  therapy"	  	   	  
S7	  	   (MH	  "Reality	  Therapy")	  	  
S6	  	   "cognitive	  behavio#r*	  therapy"	  	  
S5	  	   (MH	  "Behavior	  Therapy")	  	  
S4	  	   (MH	  "Cognitive	  Therapy")	  	  
S3	  	   S1	  or	  S2	  	  
S2	  	   "depressive	  disorder"	  	  
S1	  	   (MH	  "Depression+")	  	  	  	  
	  

	  
AMED	  
1	   depression/	  	  
2	   depressive	  disorder/	  	  
3	   dysthymia.mp.	  	  
4	   cognitive	  therapy/	  	  
5	   behavior	  therapy/	  	  
6	   cognitive	  behavio?ral	  therapy.mp.	  	  
7	   reality	  therapy/	  	  
8	   rational	  emotive	  therapy.mp.	  	  
9	   (acceptance	  and	  commitment	  therapy).mp.	  [mp=abstract,	  heading	  words,	  
title]	   	  
10	   or/1-‐3	  	  	  
11	   or/4-‐9	  	  
12	   10	  and	  11	  
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APPENDIX	  B	  

Published	  Article-‐	  IPDMA	  of	  CBT	  for	  depression	  in	  patients	  
receiving	  disability	  benefits	  
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Abstract

Objectives: To systematically summarize the randomized trial evidence regarding the relative effectiveness of cognitive
behavioural therapy (CBT) in patients with depression in receipt of disability benefits in comparison to those not receiving
disability benefits.

Data Sources: All relevant RCTs from a database of randomized controlled and comparative studies examining the effects of
psychotherapy for adult depression (http://www.evidencebasedpsychotherapies.org), electronic databases (MEDLINE,
EMBASE, PSYCINFO, AMED, CINAHL and CENTRAL) to June 2011, and bibliographies of all relevant articles.

Study Eligibility Criteria, Participants and Intervention: Adult patients with major depression, randomly assigned to CBT
versus minimal/no treatment or care-as-usual.

Study Appraisal and Synthesis Methods: Three teams of reviewers, independently and in duplicate, completed title and
abstract screening, full text review and data extraction. We performed an individual patient data meta-analysis to
summarize data.

Results: Of 92 eligible trials, 70 provided author contact information; of these 56 (80%) were successfully contacted to
establish if they captured receipt of benefits as a baseline characteristic; 8 recorded benefit status, and 3 enrolled some
patients in receipt of benefits, of which 2 provided individual patient data. Including both patients receiving and not
receiving disability benefits, 2 trials (227 patients) suggested a possible reduction in depression with CBT, as measured by
the Beck Depression Inventory, mean difference [MD] (95% confidence interval [CI]) = 22.61 (25.28, 0.07), p = 0.06;
minimally important difference of 5. The effect appeared larger, though not significantly, in those in receipt of benefits (34
patients) versus not receiving benefits (193 patients); MD (95% CI) = 24.46 (212.21, 3.30), p = 0.26.

Conclusions: Our data does not support the hypothesis that CBT has smaller effects in depressed patients receiving
disability benefits versus other patients. Given that the confidence interval is wide, a decreased effect is still possible,
though if the difference exists, it is likely to be small.
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Introduction

Major Depressive Disorder (henceforth referred to as depres-

sion) results in immense human suffering and an enormous

socioeconomic burden. Depression accounts for 11% of disability

worldwide and an estimated productivity loss of $17 to $44 billion

in the USA [1,2]. Depression is expected to become the second

leading cause of disease burden worldwide by the year 2020 [3].

The National Institute for Health and Clinical Excellence

(NICE) in the UK recommends that health care professionals

provide pharmacological treatments and/or high-intensity psy-

chological interventions for individuals suffering from depression.

Pharmacological treatments may accelerate recovery from depres-

sion, particularly when symptoms are severe [4] and, over the last

few decades, their use has increased dramatically in Western

nations [5,6]. NICE guidelines suggest psychological therapies

should be offered to individuals suffering from persistent

subthreshold symptoms of depression, mild to moderate depres-

sion, and those with a high risk of relapse or those declining

pharmacological treatment for severe depression [5,6].

Cognitive Behavioral Therapy (CBT) is a common non-

pharmacological treatment for depression [5,7]. CBT is based

on three fundamental propositions: cognitive activity affects

behavior, cognitive activity can be monitored and altered, and

desired behavior change may be affected through cognitive change

[7]. Twelve systematic reviews evaluating CBT in individuals

suffering from depression have demonstrated that CBT reduces

depressive symptoms [8,9,10,11,12,13,14,15,16,17,18,19], with

the most current and rigorous meta-analysis reporting a pooled

standardized mean difference (SMD) of 0.69 (95% confidence

interval [CI] of 0.59 to 0.79) [13].

In North America, depression is one of the most frequent

reasons for receiving disability benefits [20,21], and disability

claims for mental health disorders incur greater costs compared to

other disorders [22]. In those receiving disability benefits,

individuals suffering from mental health disorders require more

treatment and have greater difficulty returning to work than those

suffering from other conditions [23]. Although CBT is one of the

most frequently reimbursed therapies by insurers, its utilization by

insurance companies still remains relatively low at approximately

3% for short-term disability claimants and 15% for long-term

disability claimants [24].

CBT may be less effective, or ineffective, in patients receiving

disability benefits, because their circumstances or psychological

status may interfere with its successful implementation [25]. This

may also be associated with the compensation process [26],

secondary gain from financial benefits (benefits of assuming a sick

role) [27], or the adversarial nature of litigation [28]. A recent

meta-analysis of 129 studies in surgical populations that found a

substantially greater risk of an unsatisfactory outcome (functional,

quality of life, pain and patient satisfaction) after surgery in

compensated patients (odds ratio [95% CI] = 3.79 [3.28 to 4.37])

provides indirect evidence for this hypothesis [29]. The effective-

ness of CBT for depression in patients receiving disability benefits

has received little attention.

Objectives
The purpose of our study was to perform a systematic review

and an individual patient data meta-analysis of all randomized

controlled trials (RCTs) that compared the effectiveness of CBT to

minimal/no treatment, or care-as-usual, in patients with depres-

sion receiving versus those not receiving disability benefits.

Questions
In adult patients with depression, is there a difference in the

effect of CBT on depression between those receiving disability

benefits compared those not receiving disability benefits?

Methods

We used the PRISMA guidelines [30] to report our findings.

Protocol and registration
We developed a protocol prior to conducting the study but did

not register it.

Eligibility criteria
Eligible studies met the following criteria: 1) random allocation

of adult patients to CBT or a control arm consisting of minimal/

no treatment, treatment as usual (TAU) or pharmacotherapy if it

was equally balanced in the treatment groups (e.g. CBT plus

pharmacotherapy versus pharmacotherapy alone), and 2) inclusion

of patients with depression, classified as Major Depressive

Disorder by any edition of the Diagnostic and Statistical Manual

(DSM), International Classification of Diseases (ICD), Research

Diagnostic Criteria (RDC) or other diagnostic system [31].

Information sources
We identified all relevant RCTs from a database of randomized

controlled trials and comparative studies examining the effects of

psychotherapy for adult depression (http://www.

evidencebasedpsychotherapies.org) [32]. This database consisted

of 281 trials and was identified from searching the following
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electronic databases in all languages: PUBMED, EMBASE,

PsycINFO and Cochrane Central Register of Controlled Trials,

from inception until January 1, 2011 [11]. In addition to the 281

trials, we updated the search with the assistance of an experienced

academic librarian (RC) until June 13, 2011 for each electronic

database, and also searched AMED and CINAHL. We hand

searched the reference lists of all relevant RCTs for additional

eligible trials.

Search
Our search strategy including keywords and MESH headings

are provided in Appendix A.

Study selection
Three teams of reviewers (SE, SH, LM, WT, MK, ACL) worked

in pairs and screened titles and abstracts of identified citations,

independently and in duplicate, using a standardized, pilot-tested

screening form. The same reviewers independently applied

eligibility criteria to the full text of potentially eligible studies. One

psychiatrist (IPS) and one psychologist (RM), blinded to study

results, independently reviewed and confirmed eligibility of

therapies that were not explicitly described by trial authors as

CBT. We measured agreement for the full text review stage, and

interpreted the agreement statistics using the guidelines proposed by

Landis and Koch [33]. Kappa values of 0 to 0.20 represented slight

agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate

agreement, 0.61 to 0.80 substantial agreement, and greater than

0.80 almost perfect agreement.

Reviewers grouped eligible articles into one of the four categories:

(i) studies that did not explicitly state if they included or excluded

patients receiving disability benefits, (ii) studies that explicitly

excluded patients receiving disability benefits, (iii) studies that

explicitly included patients receiving disability benefits but did not

separately report outcomes based on receipt of disability benefits,

and (iv) studies that explicitly included patients receiving disability

benefits and reported outcomes separately based on receipt of

disability benefits. Disability benefits were defined as wage

replacement benefits administered by a third party (e.g. insurer).

Contacting authors of eligible studies
We identified 88 studies in category i, 4 in category iii, and none

in either category ii or iv. Contact information was not reported

and not available through an Internet search for authors of 22

(24%) trials. We attempted to contact authors of the remaining 70

trials by email and requested information on whether they had an

eligibility stipulation for disability status. If authors included

patients on disability benefits, we requested their trial data to

facilitate an individual patient data meta-analysis (IPDMA). To

maintain patient confidentiality, authors removed any personal

identifiers from their dataset prior to transferring it to our center.

We clarified uncertainties or discrepancies in the data sets with the

study authors and combined individual patient data for variables

that were similar across the trials. Based on authors’ replies, we

classified studies into four groups: (A) those that did have some

data specific to patients on disability benefits, (B) those that

confirmed that they had no patients on disability benefits, (C) those

that did not have an eligibility criterion for disability status and did

not collect information on disability status, and (D) unknown or

did not respond.

Data collection process
Using piloted standardized forms and a detailed instruction

manual to extract data, the same teams of reviewers extracted

data, independently and in duplicate, from studies in groups A and

B. We did not abstract data from groups C and D.

Data abstracted included patient characteristics, treatment

effect on depression, frequency and timing of follow-up, details

of depression (including diagnostic classification system used,

severity of depression, and duration of depression), and CBT

intervention details (including the type of CBT administered,

expertise of providers administering CBT, and frequency of CBT).

Reviewers abstracted data from the following study arms: CBT,

TAU and minimal or no treatment. Data comparing CBT only to

active comparators were not abstracted, unless the active

comparator was equally balanced between both the treatment

and control group.

Risk of Bias in individual studies
Using a modified Cochrane risk of bias instrument, reviewers

assessed risk of bias for each eligible trial on the following domains:

sequence generation; allocation concealment; blinding of partic-

ipants, investigators, data collectors, outcome assessors, and data

analysts; incomplete outcome data; selective outcome reporting;

and other sources of bias (e.g. bias of study design, trial stopped

early, extreme baseline imbalance, and fraudulent trial) [34,35].

Reviewers used response options of ‘‘definitely yes’’, ‘‘probably

yes’’, ‘‘probably no’’, and ‘‘definitely no’’ with definitely and

probably yes ultimately assigned high risk of bias and probably and

definitely no assigned low risk of bias [35]. The reviewers resolved

disagreements by discussion, and an arbitrator (JWB) adjudicated

any remaining conflicts.

Synthesis of results
For our IPDMA, we compared the effects (mean difference) of

CBT on depression, measured by the most commonly reported

instrument [Beck Depression Inventory (BDI–II)], in patients

receiving disability benefits versus patients not receiving disability

benefits. We used a one-stage method [36], and included the

following variables in our model: study arm, receipt of disability

benefits, interaction term of study arm and receipt of disability

benefits, trial as a categorical variable, age and baseline BDI–II

score. To guard against multiplicity of data [37], we used the most

common follow-up time point of 3 months for our analysis.

Our secondary analyses evaluated whether there were differ-

ences in patients not in receipt of disability benefits between trials

that included patients in receipt of disability benefits (group A) and

trials with aggregate data that did not include patients receiving

disability benefits (group B). We compared the following: 1) the

effects of CBT between group A and B; 2) the effects of CBT

between group A and B that compared CBT plus pharmacother-

apy versus pharmacotherapy alone; 3) the effects of CBT between

group A and B that compared CBT to TAU.

For our secondary analyses, we used the 2-stage method [38]. In

the first stage, we aggregated the IPD data of the patients not

receiving disability benefits in group A and in the second stage,

pooled the aggregate data of studies in group A and B using a

random-effects model.

We used the means and standard deviations (SDs) of the end of

study scores for our secondary pooled analyses. To pool data

across trials and to facilitate interpretation for clinicians and other

stakeholders, we calculated the mean difference (MD) and its

associated 95% confidence interval (CI) of the natural units of the

most familiar instrument across trials, the BDI–II. For this

calculation, we used the following formulas to convert mean

estimates (M) and standard deviations (SD) into the scale of the

most familiar instrument: MA = (MB - LB) (RA/RB)+LA and

SDA = SDB (RA/RB)+LA, where A represented the most familiar

CBT in Patients Receiving Disability Benefits
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instrument and B represented the alternative instrument, LA and

LB represent the lower range of instrument A and B respectively,

and RA and RB represented the ranges for instruments A and B

respectively [39].

We examined heterogeneity using both a chi-squared test and

the I2 statistic [40]. Heterogeneity defined by an I2 of 0% to 40%

was interpreted as ‘might not be important’, 30% to 60% as

‘moderate heterogeneity’, 50% to 90% as ‘substantial heteroge-

neity’, and 75% to 100% as ‘considerable heterogeneity’ [40]. We

generated the following a priori hypotheses to explain variability

between studies in our secondary analyses: studies using in-person

CBT will have greater effects than studies using computer

administered-CBT, and studies with high risk of bias will

demonstrate larger effects compared to studies with low risk of

bias.

We performed analyses using SPSS version 20 and the

Cochrane Collaboration Review Manager software (RevMan

version 5.1.2).

Results

Study selection
We screened 977 citations and retrieved 421 articles in full text;

329 studies did not meet inclusion criteria and 92 trials were

deemed eligible. The kappa (95% CI) chance-corrected agreement

on assessing full text eligibility was 0.74 (0.66 to 0.81), representing

substantial agreement.

After establishing author contact for 56 of the 70 trials for which

we acquired contact information, we found that 45 trials did not

have an eligibility criterion based on disability benefit status or

collect information on disability status, 6 trials did not enrol any

patients in receipt of disability benefits, and 5 trials enrolled some

patients in receipt of disability benefits. Authors of 4 of the 5 trials

that included patients in receipt of disability benefits agreed to

provide individual patient data. Two of these trials combined

patients who were disabled with unemployed and retired

individuals and information specific to receipt of disability benefits

were uncertain; these trials were therefore excluded from our

IPDMA. Our primary analysis consisted of the 2 remaining trials

that included some patients in receipt of disability benefits [41,42],

and our secondary analyses consisted of 8 trials, i.e., 6 trials that

did not enrol any patients in receipt of disability benefits

[43,44,45,46,47,48], and 2 trials that included some patients in

receipt of disability benefits (Figure 1) [41,42].

Study characteristics
Seven studies were parallel group RCTs

[41,42,43,44,45,46,47], and one was a cluster RCT [48]. Table 1

describes the characteristics of the 8 eligible trials, and Table 2

provides details regarding their interventions.

Figure 1. Flow chart of study eligibility.
doi:10.1371/journal.pone.0050202.g001
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Risk of bias within studies
Protection against bias was generally poor (Figure 2). All 8 trials

reported loss to follow-up (LTFU), ranging from 4% to 40%. Four

trials excluded those LTFU and performed a complete case

analysis [41,42,43,48], 2 used the last observation carried forward

[44,46], 1 used multiple imputation (56), and 1 did not report an

approach [47].

IPDMA
Two trials including data on patients receiving disability benefits

enrolled a total of 227 patients; 34 in receipt of disability benefits

and 193 not receiving disability benefits. The mean (SD) baseline

BDI–II score for patients with disability benefits was 32.9 (68.55)

and for patients not receiving disability benefits 26.9 (67.9).

Pooled results from these 2 trials, including both those receiving

and not receiving disability benefits, suggested a possible benefit of

CBT on depression (MD = 22.61; 95% CI = 25.28 to 0.07;

p = 0.06, minimally important difference [MID] = 5), as did results

from both the subgroup of patients in receipt of disability benefits

(MD = 26.88; 95% CI = 214.06 to 0.31), and patients not

receiving disability benefits (MD = 22.22; 95% CI = 25.07 to

0.63). Results suggested a possible larger effect on reducing

depression in those receiving versus not receiving disability

benefits, though the confidence interval includes a small reduction

in benefit in those receiving benefits (MD = 24.46; 95%

CI = 212.21 to 3.30; p = 0.26; MID = 5).

Secondary analyses
There were no significant differences in the effect of CBT on

depression among patients not in receipt of disability benefits

across studies that enrolled patients receiving disability benefits

and studies that did not (p = 0.26) (Figure S1). There were no

significant differences in the effect of CBT on depression within

patients not receiving disability benefits in studies comparing CBT

Table 2. CBT details from studies.

Study
Mode of administration
of CBT

Duration of CBT
per visit

Frequency
of CBT

Total
duration
of CBT

Clinical background
of the individuals
administering CBT

Was there a
standardized
program or
certification process
that CBT providers
have undergone or
had to undergo?

De Graaf 2009 [41] Computer/internet based CBT 30 minutes 1 per week 9 weeks Not reported Not reported

Dozois 2009 [42] In-person individualized CBT 1 hour 1 per week 15 weeks Master’s level therapist Not reported

Naeem 2011 [47] In-person individualized CBT Not reported 1 to 2 sessions
per week

9 weeks Psychiatrist; psychology
graduates

Not reported

Faramarzi 2007 [43] In-person group CBT 2 hours 1 per week 10 weeks Psychologist Not reported

Hollon 1992 [44] In-person individualized CBT 50 minutes 2 in the first 4
weeks, 1 or 2
in the next 4
weeks, and 1
in the last weeks

12 weeks Psychologist;
social worker

Not reported

Miranda 2003 [45] In-person individualized CBT Not reported 1 per week 8 weeks Psychologist;
psychotherapist

Not reported

Misri 2004 [46] In-person individualized CBT 1 hour 1 per week 12 weeks Psychologist Not reported

Rahman 2008 [48] In-person individualized CBT Not reported 4 in 1st month,
3 in 2nd month,
and 1 per month
for next 9 months

11 weeks Lady health workers Not reported

CBT –Cognitive Behavioural Therapy.
doi:10.1371/journal.pone.0050202.t002

Figure 2. Risk of Bias within studies. ‘+’ denotes low risk of bias,
and ‘2’ represents high risk of bias.
doi:10.1371/journal.pone.0050202.g002
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plus pharmacotherapy versus pharmacotherapy alone (p = 0.94)

(Figure S2). There were no significant differences in the effect of

CBT on depression within patients not receiving disability benefits

in studies comparing CBT versus TAU/standard care (p = 0.59)

(Figure S3). Our a priori subgroup hypotheses failed to explain the

heterogeneity observed in our secondary analyses.

Discussion

Summary of evidence
This is the first systematic review comparing the effect of

receiving disability benefits on depression following treatment with

CBT. We failed to find differences in the effect of CBT on

depression between patients receiving disability benefits and

patients not receiving disability benefits. The results suggest a

possible greater effect in those receiving disability benefits (24.46

BDI units in which the minimally important difference is 5), and

the boundaries of the confidence interval suggest that if there is a

decrement in benefit, that decrement is small (no greater than 3.30

BDI–II units). Nevertheless, these data come from only 34 patients

receiving disability benefits, so that any inferences regarding

relative effect in the two populations are very weak.

The strengths of our review include a comprehensive and

transparent search strategy, independent and duplicate eligibility

assessment, use of the most commonly reported instrument with

the most established reliability and validity (BDI–II) for our pooled

analysis, and use of individual patient data from eligible trials,

allowing adjustment for potential confounding predictors. We also

ensured rigorous data abstraction by using detailed written

instructions, conducting formal calibration exercises, conducting

in duplicate, and implementing a consensus approach to resolve

disagreement. We contacted authors to verify whether they

enrolled patients in receipt of disability benefits and achieved an

80% response rate among trials for which we were able to acquire

author contact information.

Although no prior reviews have explored the effect of CBT in

patients receiving disability benefits, reviews have explored the

effect of compensation in other patient populations. A 2005

systematic review found that the presence of compensation was

associated with worse outcome (combination of functional, quality

of life, pain and patient satisfaction outcome that was rated as

satisfactory or unsatisfactory by review investigators) after surgery

[29]. This was consistent with findings from systematic reviews

regarding chronic pain and closed-head injuries [49,50], which

reported a significant effect between compensation and poor

outcome. This indirect evidence, however, does not address the

relative effect of interventions in the populations (one may have

poorer outcomes, but still have larger treatment effects if results

without treatment are very poor). In the two trials we examined,

patients in receipt of disability benefits had a greater severity of

depression than those who were not receiving disability benefits

(baseline BDI–II of 32.9 versus 26.9). Although a prior review

reported that the effectiveness of CBT was reduced in patients

with severe depression compared to those with mild to moderate

depression [51], we found no suggestion of a smaller effect of CBT

in patients receiving disability benefits.

Limitations
Our study has limitations. First, our IPDMA is based on only 34

patients in receipt of disability benefits and 193 patients not

receiving disability benefits. The extent to which findings from this

small sample will generalize to a wide population of individuals in

receipt of benefits is uncertain. Second, our secondary analyses

showed substantial heterogeneity within subgroups of patients not

receiving disability benefits, which could not be explained by our a

priori hypotheses. Possible explanatory factors that we were unable

to explore due to limitations in the reporting of trials include

baseline severity of depression, duration of depression, frequency

of CBT, and experience of CBT providers. Third, none of the

trials evaluated the effect of CBT on return to work (RTW), a

critical outcome for patients receiving disability benefits and for

insurers providing benefits. It remains possible that CBT may

improve BDI–II scores, but may not have any effect on claim

resolution or RTW. Future trials should include these outcomes in

order to ascertain a BDI–II threshold that is associated with RTW

and claim resolution.

Conclusions
If the use of CBT to manage depression among patients

receiving disability benefits was less effective than in patients not

receiving disability benefits, clinicians and payers might reasonably

choose alternative treatment strategies (e.g. pharmacotherapy,

other psychotherapies or a combination of both). The limited

evidence available, however, provides no support for this

hypothesis and suggests that, for the time being, CBT should

continue as a recommended approach for addressing depression in

patients receiving disability benefits. Secure inference will,

however, only be possible after the conduct of much larger

comparative trials, conducted with low risk of bias and in

collaboration with insurers.

Supporting Information

Figure S1 Effect of cognitive behavioural therapy in
patients not receiving disability benefits in studies
including patients receiving disability benefits versus
those that did not.

(TIF)

Figure S2 Effect of cognitive behavioural therapy on
depression within patients not receiving disability
benefits in studies comparing CBT plus pharmacother-
apy versus pharmacotherapy alone.

(TIF)

Figure S3 Effect of cognitive behavioural therapy on
depression within patients not receiving disability
benefits in studies comparing CBT versus TAU/stan-
dard care.

(TIF)

Checklist S1 PRISMA Checklist.

(DOC)
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APPENDIX	  C 

Description of all variables in administrative database 
 

Variable 
 

Definition or description 
 

Age at disability Age of claimant at disability 
Analyst Name Name of current case manager 
Budget Code Budget code from where expense was paid from, i.e. if it was paid 

under a claims case management plan or a rehab (health management) 
plan 

Budget Type Health Management or Claims 
Calculated Definition Change Date This is the true Change of Definition Date (COD) 
Certificate Certificate number of claimant 
City City where claimant resides 
Claim Office Office where the claim is currently managed 
Claim Status Actively managed or permanent 
Control Number Unique identifier of the claim 
Cost Centre Cost centre number 
CPP/QPP Offset Amount Amount of Canada Pension Plan/ Quebec Pension Plan (CPP/QPP) 

offset  
CPP/QPP Offset Type Type of Canada Pension Plan/ Quebec Pension Plan (CPP/QPP) 

offset, if applicable 
Date claim was approved Date the abilities case managers approved the claim 
Date claim was received Date insurer received first part of the claim 
Date of Birth Date of birth of claimant 
Date of claim resolution Effective date of resolution/closure or decline.  This field indicates a 

resolution if the Approval Date is populated.  If Approval Date is not 
populated, indicates a decline decision. 

Date of Disability Date of disability 
Disability Code Diagnostic code used 
Entry Date Date services was paid by the insurer 
Expense Amount Amount of invoice paid to service provider 
Expense Description Detailed expense category description 
Expense Type Code Detailed expense category code 
Expiry Date Date benefit would expire according to the contract.  In most of the 

contracts, it is age 65 but may differ according to the contract. 
File Owner Code for current management (or most recent) of the claim 
First Payment Date Date plan member is eligible for payment, if benefit is approved 
Forecast Date Date insurer believes that the claim will be managed until 
Funding Category Refund or non-refund funding 

Funding Type Non-refund funded policy includes claims where the payments of the 
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services and treatments are covered by the insurer. Refund funded 
policy includes claims where the payments of the services and 
treatments were shared by the insurer and the plan sponsor (e.g. the 
employer), and ASO funded policy consists of claims where the plan 
sponsor pays for the services and treatments. 
 

Gender Gender of claimant 
Gross Benefit Calculated gross benefit amount based on salary and contractual 

benefit amount.  For LTD, this Is a monthly amount.  For STD, this is 
a weekly amount. 

HMC Acceptance Date The date the claim was accepted into a HMC program. 
HMC Name If the claim was in a health management program, it indicates the 

name of the HMC (consultant).  

HMC Referral Date The date the claim was referred by the case manger to a health 
management program 

HMC Status Status of the HMC 
HMC Team If the claim was in a health management program, it indicates the 

team of the HMC (consultant).  

ICD-10 Primary Diagnosis Code ICD-10 code 
ICD-10 Primary diagnosis name Description of primary diagnosis 
ICD-10 Secondary Diagnosis Code ICD-10 secondary diagnosis code 
ICD-10 Secondary Diagnosis Name Description of secondary diagnosis 
Input ID User who entered this expense 
Internal/External Indicates if expense was external service or internal. All CBT 

expenses are external 
Last Payment Date Last date the claim was paid, if resolved or date they have approved 

payment to before further review if claim is still active. 
Major Disability Category Disability category: Accident, cancer, circulatory, psychological, 

musculo-skeletal, pregnancy, nervous 
Market Segment This is the segment of market these claims belong to - determined by 

Plan Sponsor 
Maximum claim benefit period STD max benefit date; blank in LTD 
Net Benefit Gross benefit less offsets 
Number of Units Will all be zero for external expenses 

Occupation Occupation group of claimant 
Occupation Industry Occupation industry of the claimant 
Payment Status Indicates payment status of invoice 

PC Firm Likely Code Indicates if CPP/QPP offset is being offset 1 = actual offset, 2 = 
estimated.  Remaining codes indicate not offset from benefit 

Plan ID ID number of plan 
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PM Code Current portfolio management code on the claim or if claim now 
closed, was the last code on the claim 

PM Code Date Date PM code was set by the case manager 
Policy Policy name 
Policy Status Active or terminated 
Policy Type High level funding of the plan sponsor, Non ASO indicated an insured 

arrangement, ASO is administrative services only, and Government 

Policyholder Name Name of policyholder 
Postal Code Postal code of claimant 
Provider ID Provider ID 
Provider Name Provider of the particular services if available 
Province Province where claimant resides 
Received psychotherapy Claimant received psychotherapy 

Referral for an Independent Medical 
Evaluation (IME) 

Claimant referral for a detail assessment by an independent medical 
examiner 

Referral for Transferrable Skills Analysis 
(TSA) 

Assistance provided by an external provider to assist the claimant in 
preparing and looking for a work position outside of their employer's 
work environment.   

Referral for Academic Upgrading/ Skills 
Retraining 

Claimant referral for education upgrading or skills retraining through 
an educational program 

Referral to a Work hardening program Claimant was referral to a multidisciplinary work 
hardening/conditioning facility that addresses the functional, physical 
behavioural, cognitive requirements of a job and provides real or 
simulated work to assist the claimant in the safe transition back to full 
time employment. 

Received Massage Therapy/ 
Acupuncture/ Chiropractic treatment 

Claimant received acupuncture, massage therapy or chiropractic 
treatment 

Rehab Earnings Offset Amount Amount of Rehab earnings offset 
Rehab Earnings Offset Type Rehab earnings offset type, if applicable 

Retirement Pension (RP) Firm Likely 
Code 

Indicates if RP offset is being offset 1 = actual offset, 2 = estimated.  
Remaining codes indicate not offset from benefit 

Retirement Pension Offset Amount Amount of retirement pension offset 
Retirement Pension Type Retirement pension offset type, if applicable 
RH Firm Likely Code Rehab firm likely code; indicates if RH offset is being offset 1 = 

actual offset, 2 = estimated.  Remaining codes indicate not offset from 
benefit 

Salary Salary of claimant 
Service/Therapy Date Date service/therapy was performed 
Service/Therapy Type Type of Service/therapy: psychotherapy, independent medical 

evaluation, functional capacity evaluation, TSA, Academic 
Upgrading/ Skills Retraining, Massage Therapy/ Acupuncture/ 
Chiropractic treatment, Work Hardening program  

Tax code Indicates taxability of claim - yes, no or at source. 
Team Name Team that is currently managing the claim 
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Total Reserve amount Reserves held on Insured LTD claims only. 
Type of claim resolution Resolution/closure/decline reason 
Type of coverage LTD or STD 
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