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•  See'pill'ID'challenge!'



Uses'for'medical'data'

•  Finding'longCterm'risk'factors'for'disease'
•  DrugCdrug'interac.ons,'side'effects'(postC
market)'

•  Popula.on'health'
…'



Example:'Predic.ng'cancer'stage'from'
online'health'forum'text'

Mukund'Jha'and'Noemie'Elhadad.'Cancer'stage'predic.on'based'on'pa.ent'online'discourse.'In'
Proceedings'of'the'2010'Workshop'on'Biomedical'Natural'Language'Processing,'pages'64–71,'Uppsala,'
Sweden,'July'2010'



Uniqueness'of'Medical'Data'Mining'

•  Can’t'just'apply'methods'from'data'mining/
ML'

•  Main'points'
– Heterogeneity'
– Ethical,'legal,'social'issues'
– Sta.s.cal'philosophy'
– Special'status'of'medicine'



Heterogeneity'of'data'

•  Structured/unstructured,'Imaging'
– Many'data'mining'methods'can'handle'only'one'
of'these'

•  How'to'combine'qualita.ve/quan.ta.ve'
informa.on?'



Heterogeneity'of'data'
•  Importance'of'interpreta.on'

•  If'we'see'CHF'in'record'–'what'did'clinician'
mean?''
–  Could'be'suspected'CHF'
– Hypothesis'explaining'symptoms'
–  Past'or'family'history…'

•  If'we'don’t'see'indicator'for'CHF'does'that'mean'
pa.ent'doesn’t'have'it?'
– May'not'be'billed'for,'may'not'be'treated'(if'more'
pressing'problems)'



Heterogeneity'of'data'

•  Standardiza.on''
– Of'data'(covered'last'week)'
– Of'outcomes'

•  Example:''
– One'group'evaluates'glucose'control'system'by'
calcula.ng'how'oben'glucose'is'within'70C150,'
another'group'uses'80C140.'How'to'compare?'



Heterogeneity'of'data'

•  Difficulty'applying'precise'labels'
•  Uncertainty'
– Does'a'par.cular'billing'code'mean'pa.ent'definitely'
has'illness?'

– When'did'the'illness'start?'
•  Test'vs'diagnosis'
– We'see'imperfect'indicators'for'a'disease,'not'the'
disease'itself'

–  For'predic.on,'target'event'may'be'diagnosis'NOT'
onset'of'disease'



Ethics,'legal'and'social'factors'
•  MUCH'more'next'week!'

•  Access'to'data'(researchers,'pa.ents)'
•  Concern'about'liability'
– Affects'what'data'can'be'collected,'which'tests'can'be'
done'

•  Privacy'
–  Can'we'use'all'the'data'we'want?'
–  Can'we'analyze'in'Amazon'cloud?'Give'text'to'
mechanical'turkers?'Scrape'data'from'password'
protected'websites?'



Sta.s.cal'methods'

•  Do'the'assump.ons'of'computa.onal'
methods'hold?'Do'we'need'new'domainC
specific'ones?'
– E.g.'Clinical'NLP'as'dis.nct'subset'of'NLP'
'

•  Importance'of'domain'knowledge'
•  Error'

'



Sta.s.cal'methods'

The'data'are'not'sta.c'
'
EHR'systems'change'
Terminology'changes'
New'tests'developed'



Sta.s.cal'methods'

Missing'data'

Very'common'and'the'reason'for'it'changes'
interpreta.on'
'
CChronic'vs'acute'condi.ons'
Cexpensive'test'(e.g.'could'be'missing'due'to'
insurance'coverage)'



Sta.s.cal'methods'

Redundancy,'inconsistent'data''
'
Cconflic.ng'lab'results'
Cnote'says'pa.ent'is'Male,'later'says'Female'
'
'



Cios,'K.J.'&'William'Moore,'G.,'2002,'Uniqueness'of'medical'data'
mining,'Ar#ficial)intelligence)in)medicine,'26(1C2),'pp.'1C24.'



Special'status'of'medicine'

•  Impact/risk'of'false'findings:'good'enough'for'
a'paper'vs'good'enough'to'treat'a'pa.ent'

•  Cannot'do'any'conceivable'test'



More'on'challenges'
•  Observa.onal'Data'in'general'
– Nonsta.onarity'
–  Selec.on'bias'
–  Choosing'variables'
–  Seeing'vs'doing'

•  Biomedical'Data'
–  Biased'approxima.on'of'truth'
–  Sample'size'
–  Censoring'(leb,'right)'
–  Ins.tu.onal'differences'
–  Fragmenta.on'of'data'
'



Nonsta.onarity'



Other'ways'data'may'be'nonsta.onary'

•  Changes'in'record'keeping'
•  Changes'in'pa.ent'popula.on'over'.me'
•  Changes'in'terminology'(gallop'vs'third'heart'
sound;'crackles'vs'rales)'

•  More'accurate'tests'
•  New'diagnoses/risk'factors'

•  Note'diff'between'physiology'and'our'
observa.on'of'it!'



Treatment(

Dead' Alive'

A' 85' 215'(72%)'

B' 59' 241'(80%)'

Total' 144' 456'



Simpson’s'paradox'

Treatment(
(

Men( Women( Combined(

Dead' Alive' Dead' Alive' Dead' Alive'

A' 80' 120'(60%)' 5' 95'(95%)' 85' 215'(72%)'

B' 20' 20'(50%)' 39' 221'(85%)' 59' 241'(80%)'

Total' 100' 140' 44' 316' 144' 456'

Baker'SG,'Kramer'BS'(2001)'Good'for'women,'good'for'men,'bad'for'people:'Simpson's'
paradox'and'the'importance'of'sexCspecific'analysis'in'observa.onal'studies.'Journal'of'
women's'health'&'genderCbased'medicine'10:'867C872'



Bias'in'graduate'admissions?'

Admit' Deny'

Male' 3738' 4704'

Female' 1494' 2827'

P(admised)='5232/12763≈0.41'

P(admised|female)'=1494/4321≈0.35'
P(admised|male)=3738/8442≈0.44'

Bickel,'P.'J.,'Hammel,'E.'A.,'&'O'connell,'J.'W.'(1975).'Sex'bias'in'
graduate'admissions:'Data'from'berkeley.'Science,'187(4175),'398'



Simpson’s'paradox'
Men' Women'

Dept' Applied' %'Admised' Applied' Admised'

A' 825' 62' 108' 82'

B' 560' 63' 25' 68'

C' 325' 37' 393' 34'

D' 417' 33' 375' 35'

E' 191' 28' 393' 24'

F' 272' 6' 341' 7'

hsp://vudlab.com/simpsons/'



Alice’s'pa.ent'outcomes' Bob’s'pa.ent'outcomes'



Selec.on'bias'

Alice’s'pa.ent'popula.on' Bob’s'pa.ent'popula.on'



A+H'!'Hospital'
'
Find'associa.on'between'A,'H'because'not'
seeing'A'and'H'separately'in'hospital'popula.on'



Selec.on'bias''

•  Drug'given'to'sicker'pa.ents'C>'worse'
outcomes?'

•  Running/mortality'
•  Hospital'outcomes'depend'on'popula.on:'
socioeconomic'factors,'medical'insurance,'etc.'

'
'
'



Variable'selec.on/granularity'

•  Problem'specific''
– Recall'last'week'obese/morbidly'obese'

•  Redundancy?'
•  Hidden'common'causes'



•  Nurses’'Health'study'followed'~122,000'nurses'
every'2'years'since'the'1970’s'

•  Analysis'in'the'90’s'showed'women'taking'HRT'
aber'menopause'have'decreased'risk'of'heart'
asacks'(37%'lower'death'rate,'53%'lower'risk'of'
CV'death)'

•  HERS'trial:'RCT'showing'no'effect''
•  WHI:'RCT'where'heart'asacks'increase'29%'(from'
30'to'37'per'10,000'personCyears)'

•  Latest:'HRT'may'be'beneficial'if'it’s'started'early'



Doing'vs'seeing:'randomiza.on'

•  Sever'link'between'causes'of'interven.on'and'
effects'(selec.on'bias)'
– E.g.'birth'control'pills'and'pregnancy'

•  Isolate'cause'
– Single'difference'between'groups,'removes'
confounding'

•  Blinding'
– Confirma.on'bias'



Is'randomiza.on'always'the'answer?'

Leibovici,'L.'(2001).'Effects'of'remote,'retroac.ve'intercessory'prayer'on'outcomes'in'pa.ents'with'
bloodstream'infec.on:'Randomised'controlled'trial.'Bmj,'323(7327),'1450C1451.''



Sample'size'

•  Big'data'doesn’t'guarantee'sufficient'power!'

•  Would'you'rather'have'10'pa.ents'monitored'
in'great'detail'or'a'few'datapoints'on'10K'
pa.ents?'



Censoring'

•  Leb:'what'happened'before'admission'to'
hospital?'

•  Right:'what’s'outcome'aber'leaving'hospital?'



Fragmenta.on'

•  Do'you'go'to'the'same'doctors'at'home'and'
when'classes'are'in'session?'

•  How'are'records'shared?'



Controls'

•  Usually'matched'to'cases,'but'technical'
difficul.es'
–  Is'selec.on'criteria'structured'or'unstructured?'
–  Is'same'data'available'on'both?''
–  If'comparing'against'“healthy”'people,'will'there'
be'enough'data?'

•  What'happens'if'some'cases'are'actually'
controls?'



Missing'data/error'

•  Device'malfunc.on''
–  E.g.'thermometer'moves'and'now'measure'room'
temp'

•  Network'problem'
– Data'recorded'but'not'stored'

•  Data'exists…'somewhere'
•  Human'error'–'misrecorded'data/omised'data'
•  Pa.ent'factors'–'omi|ng'data/giving'false'info'



Timing'variability'

•  Note'describes'chronology'aber'the'fact'
•  Labs'not'exact'
•  Interven.ons'recorded'aber'they’re'done'





•  Manual'review'
•  Automated'review'



Mul.ple'Tes.ng'

Bennes,'C.'M.,'Miller,'M.'B.,'&'Wolford,'G.'L.'(2009).'Neural'correlates'of'
interspecies'perspec.ve'taking'in'the'postCmortem'atlan.c'salmon:'An'
argument'for'mul.ple'comparisons'correc.on.'NeuroImage,'47(1),'125.'
'



Mul.ple'comparisons'

hsp://xkcd.com/882/'



This'analysis'revealed'that'only'in'~20C25%'of'
the'projects'were'the'relevant'published'data'
completely'in'line'with'our'inChouse'findings'



FibyCthree'papers'were'deemed'‘landmark’'
studies'…'scien.fic'findings'were'confirmed'in'
only'6'(11%)'cases.''







Replica.ons's.ll'somewhat'rare'in'health'
informa.cs'

Why?'



Replica.on''

Repea.ng'same'method'under'same'condi.ons'
Tells'us'method'sufficiently'documented'and'
finding'stable'



Reproduc.on'

Demonstra.ng'same'finding'in'another'se|ng,'
under'different'condi.ons'
Tells'us'about'generalizability'of'results'



Goals'

•  Uncover'bias'
•  Find'confounders'
•  Detect'limits,'generalizability'
•  Validate'methods/findings'



Today’s'paper'

•  Why'is'reproduc.on'of'a'study'so'difficult'in'
biomedicine?'

•  What'was'specifically'difficult'in'this'study?'
•  How'could'we'have'improved'the'case/
control'criteria'or'separa.on?'(alterna.vely,'
what'are'some'weaknesses'in'this?)'

•  Ques.ons/cri.cisms?'

S.'Kleinberg'and'N.'Elhadad'(2013)'Lessons'Learned'in'Replica.ng'DataCDriven'Experiments'in'
Mul.ple'Medical'Systems'and'Pa.ent'Popula.ons.'AMIA'Annual'Symposium.'



•  Pa.ents'heterogeneous'
•  Popula.ons'have'different'characteris.cs'
•  Sample'size'
•  Not'all'data'available'everywhere'(+'
retrospec.ve)'

•  Data'quality'(noisy,'sparse,'missing)'

Replica.on'doesn’t'validate'methods'
– Need'ground'truth'
– Need'controlled'data'



For'next'week'

T.'Tsang,'R.'Orr,'P.'Lam,'E.'J.'Comino,'and'M.'F.'
Singh.'Health'benefits'of'tai'chi'for'older'
pa.ents'with'type'2'diabetes:'The'“move'it'for'
diabetes'study”–a'randomized'controlled'trial.''


