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Challenges:	  Data	  collec8on	  

•  Source	  data	  collec0on:	  Health	  care	  data	  are	  collected	  to	  
support	  pa8ent	  care	  or	  to	  bill	  payors	  rather	  than	  for	  research.	  	  
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Challenges:	  Data	  collec8on	  

Source	  data	  collec0on:	  Health	  care	  data	  are	  collected	  to	  support	  
pa8ent	  care	  or	  to	  bill	  payors	  rather	  than	  for	  research.	  	  
•  The	  opportuni8es	  for	  errors	  of	  omission	  and	  distor8on	  are	  
greater	  than	  when	  data	  are	  collected	  for	  research.	  
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Challenges:	  Data	  collec8on	  

Source	  data	  collec0on:	  Health	  care	  data	  are	  collected	  to	  support	  
pa8ent	  care	  or	  to	  bill	  payors	  rather	  than	  for	  research.	  	  
•  The	  opportuni8es	  for	  errors	  of	  omission	  and	  distor8on	  are	  
greater	  than	  when	  data	  are	  collected	  for	  research.	  

•  The	  power	  to	  standardize	  and	  improve	  data	  collec8on	  
methods	  is	  less	  than	  when	  it	  is	  collected	  for	  research.	  
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Challenges	  &	  Solu8ons:	  Data	  collec8on	  

Source	  data	  are	  heterogeneous:	  OMOP	  to	  the	  rescue!	  	  
•  Equivalent	  codes	  get	  mapped	  to	  a	  standard	  concept.	  
•  Standard	  representa8on	  yields	  	  
– Seman&c	  interoperability	  
– Common	  schema	  to	  write	  code	  against	  
– The	  ability	  to	  leverage	  concept	  rela&onships	  in	  queries	  
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Challenges	  &	  Solu8ons:	  Data	  normaliza8on	  

BUT!	  
	  
Mapping	  source	  data	  to	  the	  OMOP	  CDM	  is	  complex!	  
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Challenges	  &	  Solu8ons:	  Data	  normaliza8on	  

BUT!	  
	  
Mapping	  source	  data	  to	  the	  OMOP	  CDM	  is	  complex!	  
•  It	  is	  easy	  to	  make	  mistakes	  when	  wri8ng	  ETL	  code	  
– The	  Rabbit-‐in-‐a-‐Hat	  tool	  supports	  the	  crea8on	  of	  unit	  tests	  –	  small	  
bits	  of	  code	  that	  checks	  whether	  it	  func8ons	  as	  intended.	  
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Challenges	  &	  Solu8ons:	  Data	  normaliza8on	  

BUT!	  
	  
Mapping	  source	  data	  to	  the	  OMOP	  CDM	  is	  complex!	  
•  It	  is	  easy	  to	  make	  mistakes	  when	  wri8ng	  ETL	  code	  
– The	  Rabbit-‐in-‐a-‐Hat	  tool	  supports	  the	  crea8on	  of	  unit	  tests	  –	  small	  
bits	  of	  code	  that	  checks	  whether	  it	  func8ons	  as	  intended.	  

– Various	  studies	  have	  shown	  that	  with	  scrupulous	  aWen8on,	  data	  can	  
be	  transformed	  to	  the	  CDM	  with	  very	  liWle	  informa8on	  loss.	  
•  These	  studies	  are	  cited	  in	  the	  Book	  of	  OHDSI	  
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Challenges	  &	  Solu8ons:	  Data	  normaliza8on	  

BUT!	  
	  
Mapping	  source	  data	  to	  the	  OMOP	  CDM	  is	  complex!	  
•  Even	  when	  coding	  mistakes	  are	  not	  made,	  there	  are	  many	  
cases	  where	  there	  is	  more	  than	  one	  defensible	  way	  to	  do	  the	  
right	  thing.	  
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Challenges	  &	  Solu8ons:	  Data	  normaliza8on	  

BUT!	  
	  
Mapping	  source	  data	  to	  the	  OMOP	  CDM	  is	  complex!	  
•  Even	  when	  mistakes	  are	  not	  made,	  there	  are	  many	  cases	  
where	  there	  are	  more	  than	  one	  defensible	  way	  to	  do	  the	  right	  
thing.	  
– THEMIS	  is	  an	  ongoing	  process	  of	  defining	  and	  documen8ng	  
conven8ons	  that	  the	  OHDSI	  community	  has	  agreed	  upon.	  
•  Can	  be	  found	  on	  the	  CDM	  Wiki.	  
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Challenges	  &	  Solu8ons:	  	  
Data	  collec8on	  and	  normaliza8on	  

•  Healthcare	  data	  are	  prone	  to	  omissions	  and	  distor8ons	  
•  Mapping	  source	  data	  to	  CDM	  is	  complex	  
•  There	  are	  an	  enormous	  number	  of	  concepts	  in	  each	  
domain	  and	  datasets	  are	  o_en	  very	  large	  
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Kahn	  harmonized	  framework	  for	  data	  quality	  

Kahn	  and	  colleagues	  did	  an	  excellent	  job	  of	  synthesizing	  
the	  terminology	  and	  categories	  used	  to	  conceptualize	  the	  
data	  quality	  errors	  that	  affect	  RWD.	  	  
•  eGEMs	  (Genera8ng	  Evidence	  &	  Methods	  to	  improve	  pa8ent	  
outcomes),	  Vol.	  4	  [2016],	  Iss.	  1,	  Art.	  18	  
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Kahn	  framework	  for	  data	  quality	  

Conformance:	  Do	  data	  values	  adhere	  to	  specified	  standards	  and	  
formats?	  	  
	  
	  



Kahn	  framework	  for	  data	  quality	  

Conformance:	  Do	  data	  values	  adhere	  to	  specified	  standards	  and	  
formats?	  	  
Completeness:	  Is	  a	  par8cular	  variable	  present	  OR	  does	  it	  contain	  
all	  recorded	  values?	  
	  
	  
	  



Kahn	  framework	  for	  data	  quality	  

Conformance:	  Do	  data	  values	  adhere	  to	  specified	  standards	  and	  
formats?	  	  
Completeness:	  Is	  a	  par8cular	  variable	  present	  OR	  does	  it	  contain	  
all	  recorded	  values?	  
Plausibility:	  Are	  data	  values	  believable?	  
	  
	  
	  



Kahn	  framework	  for	  data	  quality	  

Conformance:	  Adherence	  to	  specified	  standards	  and	  formats	  	  
•  Value	  
•  Rela8onal	  
•  Computa8on	  
Completeness:	  Variable	  presence	  OR	  capture	  of	  all	  recorded	  values	  
Plausibility:	  Values	  believability	  
•  Uniqueness	  
•  Atemporal	  
•  Temporal	  
	  
	  
	  



Kahn	  framework	  for	  data	  quality	  

•  Verifica0on:	  assesses	  expected	  values	  and	  distribu8ons	  using	  
resources	  within	  the	  local	  environment.	  

•  Valida0on:	  assesses	  alignment	  of	  data	  values	  with	  respect	  to	  
relevant	  external	  benchmarks	  such	  as	  across	  mul8ple	  data	  
sites	  

	  
	  
	  



Other	  challenges:	  Expecta8ons	  

•  People	  bring	  the	  same	  expecta8ons	  to	  healthcare	  data	  quality	  
as	  they	  do	  to	  assessing	  data	  collected	  explicitly	  for	  research.	  
– The	  criteria	  for	  assessing	  clinical	  data	  warehouse	  should	  not	  be	  
perfec8on,	  it	  should	  transparency.	  

– The	  goals	  should	  be	  to	  iden8fy	  where	  there	  might	  be	  problems	  due	  
to	  collec8on	  or	  ETL	  coding	  errors	  or	  divergence	  from	  conven8ons	  
and	  to	  facilitate	  ac8ons	  that	  address	  those	  problems.	  

•  Understanding	  data	  provenance	  completely	  is	  desirable,	  but	  it	  
might	  not	  be	  necessary	  for	  a	  fulsome	  assessment	  of	  relevant	  
DQ	  problems	  when	  producing	  RWE.	  



Goals:	  Assess	  whether	  data	  are	  fit	  for	  use	  

FDA’s	  RWE	  program	  
	  
Two	  stage	  process:	  
1.  Assess	  the	  clinical	  data	  repository	  level:	  I.e.	  a	  whole	  OMOP	  

instance	  
2.  Assess	  the	  clinical	  dataset	  derived	  from	  the	  repository	  for	  the	  

specific	  purpose	  of	  genera8ng	  evidence	  	  
	  



Goals:	  Assess	  whether	  data	  are	  fit	  for	  use	  

FDA’s	  RWE	  program	  
	  
The	  Data	  Quality	  Dashboard	  
	  



Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  
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Where	  to	  begin	  with	  Data	  Quality?	  

Kahn	  et	  al.,	  eGEMS	  2016	  
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Where	  to	  begin	  with	  Data	  Quality?	  

An	  aggregated	  summary	  sta8s8c	  that	  can	  be	  
computed	  from	  the	  data	  	  

to	  which	  a	  decision	  threshold	  can	  be	  applied	  to	  
determine	  if	  the	  sta8s8c	  meets	  expecta8on.	  	  	  

Data	  Quality	  Check	  

Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  
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An	  aggregated	  summary	  sta8s8c	  that	  can	  be	  
computed	  from	  the	  data	  	  

to	  which	  a	  decision	  threshold	  can	  be	  applied	  to	  
determine	  if	  the	  sta8s8c	  meets	  expecta8on.	  	  	  

Data	  Quality	  Check	  

Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  



The	  number	  and	  percent	  of	  records	  with	  

a	  value	  in	  the	  YEAR_OF_BIRTH	  field	  of	  the	  

PERSON	  table	  less	  than	  1850.	  	  

An	  example	  data	  quality	  check…	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

An	  example	  data	  quality	  check…	  

The	  number	  and	  percent	  of	  records	  with	  

a	  value	  in	  the	  YEAR_OF_BIRTH	  field	  of	  the	  

PERSON	  table	  less	  than	  1850.	  	  	  



…which	  we	  can	  make	  more	  generic…	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

The	  number	  and	  percent	  of	  records	  

with	  a	  value	  in	  the	  CDM	  field	  of	  the	  

CDM	  table	  less	  than	  a	  low	  value.	  	  	  



…and	  apply	  to	  a	  different	  example.	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

The	  number	  and	  percent	  of	  records	  with	  

a	  value	  in	  the	  DAYS_SUPPLY	  field	  of	  the	  

DRUG_EXPOSURE	  table	  less	  than	  0.	  



What	  if	  we	  add	  units?	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

For	  a	  measurement	  with	  associated	  unit	  ,	  	  

the	  number	  and	  percent	  of	  records	  with	  a	  

value	  in	  the	  CDM	  field	  of	  the	  CDM	  table	  

less	  than	  a	  low	  value.	  	  	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

What	  if	  we	  add	  units?	  

For	  Hemoglobin	  A1c	  with	  unit	  of	  percent	  ,	  	  

the	  number	  and	  percent	  of	  records	  with	  a	  

value	  in	  the	  VALUE_AS_NUMBER	  field	  of	  the	  

MEASUREMENT	  table	  less	  than	  4.	  	  	  



The	  number	  and	  percent	  of	  records	  which	  

are	  not	  mapped	  into	  a	  standard	  concept	  in	  

the	  CONDITION_CONCEPT_ID	  field	  of	  the	  

CONDITION_OCCURRENCE	  table.	  

An	  example	  completeness	  check…	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

An	  example	  completeness	  check…	  

The	  number	  and	  percent	  of	  records	  which	  

are	  not	  mapped	  into	  a	  standard	  concept	  in	  

the	  CONDITION_CONCEPT_ID	  field	  of	  the	  

CONDITION_OCCURRENCE	  table.	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

…which	  we	  can	  make	  more	  generic…	  

The	  number	  and	  percent	  of	  records	  which	  

are	  not	  mapped	  into	  a	  standard	  concept	  in	  

the	  CDM	  field	  of	  the	  CDM	  table.	  



…and	  apply	  to	  a	  different	  
example.	  
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Verifica0on	   Valida0on	  

Plausibility	   ?	   ?	  

Conformance	   ?	   ?	  

Completeness	   ?	   ?	  

The	  number	  and	  percent	  of	  records	  which	  

are	  not	  mapped	  into	  a	  standard	  concept	  in	  

the	  UNIT_CONCEPT_ID	  field	  of	  the	  

MEASUREMENT	  table.	  



Data	  Quality	  Check	  Types	  
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Check	  Type	   Check	  Descrip0on	  
Person	  
Completeness	  

The	  number	  and	  percent	  of	  persons	  in	  a	  database	  that	  do	  not	  have	  a	  least	  one	  record	  
in	  the	  

Is	  Required	   The	  number	  and	  percent	  of	  records	  with	  a	  NULL	  value	  in	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
that	  is	  considered	  not	  nullable.	  

Is	  Foreign	  Key	   The	  number	  and	  percent	  of	  records	  that	  have	  a	  value	  in	  a	  foreign	  key	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  that	  does	  not	  exist	  in	  the	  	  

Is	  Standard	  
Valid	  Concept	  

The	  number	  and	  percent	  of	  records	  that	  do	  not	  have	  a	  standard,	  valid	  concept	  in	  the	  
a	  	  	  	  	  	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  a	  

Plausible	  
Temporal	  A_er	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  in	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  that	  
occurs	  prior	  to	  a	  	  	  

…	  

Plausible	  Value	  
Low	  

For	  a	  given	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  pair,	  the	  number	  and	  percent	  of	  
records	  with	  a	  value	  lower	  than	  the	  

Plausible	  
Gender	  

For	  a	  given	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  the	  number	  and	  percent	  of	  records	  associated	  with	  persons	  
with	  an	  

CDM	  table.	  

CDM	  field	  	   CDM	  table	  

CDM	  field	  	  
CDM	  table	   foreign	  key	  table.	  

CDM	  field	  	   CDM	  table.	  

CDM	  field	  	   CDM	  table	  
plausible	  date.	  	  

plausible	  low	  value.	  	  
CONCEPT_ID	  

implausible	  gender.	  	  
CONCEPT_ID	  

UNIT_CONCEPT_ID	  



Verifica0on	   Valida0on	  

Plausibility	   6	   1	  

Conformance	   7	   1	  

Completeness	   4	   1	  
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Data	  Quality	  Check	  Types	  

20	  Check	  Types	  



Verifica0on	   Valida0on	  

Plausibility	   1878	   287	  

Conformance	   681	   104	  

Completeness	   386	   15	  
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Data	  Quality	  Check	  Totals	  

Total	  3,351	  Checks	  



Verifica0on	   Valida0on	  

Plausibility	   1878	   287	  

Conformance	   681	   104	  

Completeness	   386	   15	  
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Data	  Quality	  Check	  Totals	  

Total	  3,351	  Checks	  

An	  aggregated	  summary	  sta8s8c	  that	  can	  be	  
computed	  from	  the	  data	  	  

	  

to	  which	  a	  decision	  threshold	  can	  be	  applied	  to	  
determine	  if	  the	  sta8s8c	  meets	  expecta8on.	  	  	  

Data	  Quality	  Check	  
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Check	  
Category	  

Check	  Descrip0on	   Check	  
Result	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  in	  the	  
YEAR_OF_BIRTH	  field	  of	  the	  PERSON	  table	  less	  than	  1850.	  	  

0%	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  in	  the	  
DAYS_SUPPLY	  field	  of	  the	  DRUG_EXPOSURE	  table	  less	  than	  0.	  

0%	  

Verifica8on	  -‐	  
Plausibility	  

For	  Hemoglobin	  A1c	  percent,	  the	  number	  and	  percent	  of	  
records	  with	  a	  value	  in	  the	  VALUE_AS_NUMBER	  field	  of	  the	  
MEASUREMENT	  table	  less	  than	  4.	  	  

0.01%	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  of	  0	  in	  the	  
standard	  concept	  field	  CONDITION_CONCEPT_ID	  in	  the	  
CONDITION_OCCURRENCE	  table.	  

0.02%	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  of	  0	  in	  the	  
standard	  concept	  field	  UNIT_CONCEPT_ID	  in	  the	  
MEASUREMENT	  table.	  

93.66%	  
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Check	  
Category	  

Check	  Descrip0on	   Check	  
Result	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  in	  the	  
YEAR_OF_BIRTH	  field	  of	  the	  PERSON	  table	  less	  than	  1850.	  	  

0%	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  in	  the	  
DAYS_SUPPLY	  field	  of	  the	  DRUG_EXPOSURE	  table	  less	  than	  0.	  

0%	  

Verifica8on	  -‐	  
Plausibility	  

For	  Hemoglobin	  A1c	  percent,	  the	  number	  and	  percent	  of	  
records	  with	  a	  value	  in	  the	  VALUE_AS_NUMBER	  field	  of	  the	  
MEASUREMENT	  table	  less	  than	  4.	  	  

0.01%	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  of	  0	  in	  the	  
standard	  concept	  field	  CONDITION_CONCEPT_ID	  in	  the	  
CONDITION_OCCURRENCE	  table.	  

0.02%	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  of	  0	  in	  the	  
standard	  concept	  field	  UNIT_CONCEPT_ID	  in	  the	  
MEASUREMENT	  table.	  

93.66%	  

How	  do	  we	  decide	  if	  these	  
results	  are	  ‘good	  enough’?	  
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Check	  
Category	  

Check	  Descrip0on	   Check	  
Result	  

Decision	  
Threshold	  

Pass	  /
Fail	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
in	  the	  YEAR_OF_BIRTH	  field	  of	  the	  PERSON	  table	  
less	  than	  1850.	  	  

0%	   0%	   PASS	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
in	  the	  DAYS_SUPPLY	  field	  of	  the	  
DRUG_EXPOSURE	  table	  less	  than	  0.	  

0%	   1%	   PASS	  

Verifica8on	  -‐	  
Plausibility	  

For	  Hemoglobin	  A1c	  percent,	  the	  number	  and	  
percent	  of	  records	  with	  a	  value	  in	  the	  
VALUE_AS_NUMBER	  field	  of	  the	  MEASUREMENT	  
table	  less	  than	  4.	  	  

0.01%	   5%	   PASS	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
of	  0	  in	  the	  standard	  concept	  field	  
CONDITION_CONCEPT_ID	  in	  the	  
CONDITION_OCCURRENCE	  table.	  

0.02%	   5%	   PASS	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
of	  0	  in	  the	  standard	  concept	  field	  
UNIT_CONCEPT_ID	  in	  the	  MEASUREMENT	  table.	  

93.66%	   5%	   FAIL	  
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Check	  
Category	  

Check	  Descrip0on	   Check	  
Result	  

Decision	  
Threshold	  

Pass	  /
Fail	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
in	  the	  YEAR_OF_BIRTH	  field	  of	  the	  PERSON	  table	  
less	  than	  1850.	  	  

0%	   0%	   PASS	  

Verifica8on	  -‐	  
Plausibility	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
in	  the	  DAYS_SUPPLY	  field	  of	  the	  
DRUG_EXPOSURE	  table	  less	  than	  0.	  

0%	   1%	   PASS	  

Verifica8on	  -‐	  
Plausibility	  

For	  Hemoglobin	  A1c	  percent,	  the	  number	  and	  
percent	  of	  records	  with	  a	  value	  in	  the	  
VALUE_AS_NUMBER	  field	  of	  the	  MEASUREMENT	  
table	  less	  than	  4.	  	  

0.01%	   5%	   PASS	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
of	  0	  in	  the	  standard	  concept	  field	  
CONDITION_CONCEPT_ID	  in	  the	  
CONDITION_OCCURRENCE	  table.	  

0.02%	   5%	   PASS	  

Verifica8on	  -‐	  
Completeness	  

The	  number	  and	  percent	  of	  records	  with	  a	  value	  
of	  0	  in	  the	  standard	  concept	  field	  
UNIT_CONCEPT_ID	  in	  the	  MEASUREMENT	  table.	  

93.66%	   95%	   PASS	  
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hWps://github.com/OHDSI/
DataQualityDashboard	  
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