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Columbia DBMI Training Program

• 120 trainees and graduates (24 current PhD students)
• NLM T15 

– 2015: BD2K supplement on data science 
– 2017: NLM supplement on curriculum and faculty enrichment in 

data science



Data from Biology, Medicine, and Health

• Observational data from biology, medicine, and health are 
increasingly prevalent, in larger and larger amounts
– Electronic health records, biomedical literature, self-reported and 

tracked health data, Internet and social media

• With the right approach, these data can 
– Help answer critical questions in a brand new way
– Discover medical and public-health knowledge
– Improve healthcare 
– Promote health of populations



Columbia DBMI Training Program

• Partnerships with healthcare institutions and international 
initiatives à Laboratory for innovation for our trainees
– NewYork-Presbyterian Hospital
– Observational Health Data Science and Informatics (OHDSI)
– eMERGE



Data Science at Columbia University

• Columbia Data Science Institute
– 7 research centers, including Health Analytics
– 200+ faculty across 9 Schools (80 new faculty) 
– General training opportunities: Certificate, Masters in Data Science

• Fertile ground for research mentorship in 
data science + health
– Experts in informatics, statistics, biostatistics, computer science, 

applied math, etc.

• But: unmet need to train students both in the fundamentals 
of data science and in the health and biomedical ecosystem 
that generated these data and will use the product of 
informatics research



Training objectives for health data science at 
Columbia 
1. Train students in computational, data-driven methods that 

can solve biomedical and health problems

2. Promote understanding of the socio-technical processes 
that shape the way biomedical and health datasets are 
generated and used

3. Instill in students the methodological principles of “doing” 
data science as part of the biomedical and health 
ecosystems
– e.g., be cognizant of and proactive about reproducibility needs in 

biomedical data science research



Research Mentorship Objectives

1. Train to work in multi-disciplinary, data-science teams
– Interactions with researchers and fellow trainees from across 

departments and schools at Columbia
– Co-mentorships between informatics and stats/CS faculty

2. Support students to become the next generation of 
investigators in biomedical data sciences 
– Strong skill set in disseminating for audiences with varied 

backgrounds, all relevant to data and biomedical sciences. 



Interpretable Deep Learning for Clinical Language 
Processing

Extreme, Multi-Label Classification: 
Assign ICD code(s) to discharge summary
ICD9 codes: 9,000 potential labels

Contributions:
- Designed a hierarchical deep learning model 

(HA-GRU)
- Compared to two state of the art deep neural 

nets (CBOW and CNN)
- HA-GRU: Learn representation of words and 

sentences
- HA-GRU: Model can trace back significant 

sentences that explain model decisions

Results: (1) State of the art ICD coding algorithm (F-measure)

(2) Visualizations for deep learning NLP model
history of present illness : 79 mw / cad , as , dm , htn , hyperlipidemia p/w acute onset bilateral shoulder pain occuring at rest , radiating down the arms , associate
d w / sob andmild diaphoresis .

notably , the patient has had subacute crescendo angina over the course of weeks to months refractory to sl nitro , prompting use of a nitro patch at night .

he sleeps sitting upright in a chair due to orthopnea .

he has had a week h/o uri symptoms , dry cough , and occasional chills .

the patient 's wife notes that he had loc and a fall d month ago .

he has not had fever , abdominal pain , or n / /v/d . he has not had sick contacts or recent travel .

he presented to hospital - location where bp ddd/dd hr dd rr dd o2sat dd % ra .

he was given plavix ddd mg , heparin gtt , and nitro gtt prior to transfer to hospital . in our ed ,

t dd.d hr dd bp ddd/dd rr dd o2sat dd % ra .

ekg showed resolution of std in ii , iii , f ( c / name_pattern name_pattern ekg ) , < d mmste in v1-v2 , and persistent > d mmstd in v4-v5 .

he was started on nitro gtt for persistent cp and heparin gtt , which was d/c ' d when noted to be guaiac positive .

past medical history : cad dchf ( ef dd -
dd % date tte ) as ( location d.d cm2 date tte ) dmii htn hyperlipidemia prostate ca s/p prostatectomy social history : lives with wife in ni , ma .

former d pack / day smoker , quit > dd years ago . currently smokes a pipe .

drinks d - d etoh d - 3x / week .

physical exam : admission physical examd ' d '' '' ddd #

v/s - t dd.d hr dd bp ddd/dd rr dd o2sat dd % 2l .

gen : elderly obese male lying flat in bed , nad heent : nc / at , sclera anicteric , perrl , eomi , op clear with dry mmneck : supple , jvp difficult to assess due to habitus cv : rrr
nl s1s2 iii / vi sem@ lusb no r/g pulm : l basilar crackles no wheeze / rhonchi abd : soft obese ntnd normoactive bs ext : warm , dry w / d + pt / dp pulses , d + symmetrical pit
ting le edema pertinent results : date @ dddd - sr @ dd bpm , lad , < d mmste r , < d mmstd ii , f , v3 , < d mmstd v4-v5 ; qtc ddd ms [ * * d - dd * * ] echo : pre -
cpb : the left atrium and right atrium are normal in cavity size .

no mass / thrombus is seen in the left atriumor left atrial appendage .

there is moderate regional left ventricular systolic dysfunction with lvef approximately dd - dd % . .

no masses or thrombi are seen in the left ventricle .

right ventricular chamber size and free wall motion are normal .

postbypass : the pt is receiving an infusion ofmilrinone at d.dd uck / /kg / min and norepinephrine at d.dd ucg / /kg / min .

lv systolic function is mildly improved in the setting of inotropes ( walls that contacted well prebypass are more hyperdynamic / walls that were hypokinetic remain hypokin
etic ) there is a well seated bioprosthesis in the aortic position .

there is a perivalvular ai jet originating in the area outside and between the left and right coronary cusps of the prosthesis .

the ai is moderate ( d + ) in quantity .

the remaining study is unchanged fromprebypass . [ * * d - dd * * ] cath : d .

selective coronary angiography of this right dominant systemdemonstrated 3-vessel disease .

there is collateral flow from left to left and right to left .

the lcx is non - dominant with a discrete dd % om2 lesion .

the rca is a dominant vessel with an dd % lesion at the origin and is heavily calcified .

resting hemodynamics revealed a systolic arterial blood pressure of ddd/dd mmhg .

date dd : dd amblood wbc-14 .d * rbc-3 .dd * hgb-11 .d * hct-33 .d * mcv-94 mch-30 .d

rdw-16 .d * plt ct-334 date dd : dd amblood pt-13 .d * ptt-32 .d inr ( pt ) -d.d * date dd : dd amblood glucose-183 * urean-27 * creat-1 .d

cl-105 patient_lname , patient_fname ddd - dd -
dd mdd date radiology report chest ( portable ap ) study date of date d : dd am lf , name_pattern name_pattern name_pattern csru date sched chest ( portable ap ) clip # dd
d -
dddd reason : evaluate effusions underlying medical condition : dd year old man with s/p cabg reason for this examination : evaluate effusions final report single view of the
chest date history : 79-year - old man , status post cabg ; evaluate effusions .

findings : single bedside ap examination labeled '' `̀ supine at d : dd a.m. '' '' is compared with upright studies obtained the preceding day . the patient is status post recent c
abg with midline surgical staples in situ and intact sternal cerclage wires . allowing for the positioning , the overall appearance is not much changed .

there is persistent lv enlargement without vascular congestion and only small bilateral pleural effusions .

there is right more than left basilar subsegmental atelectasis , with no other airspace process .

impression : status post recent cabg without chf or significant effusion .

dr . name_pattern name_pattern name_pattern approved : fri date d : dd pmbrief hospital course : as mentioned in the hpi , mr .

he was medically managed and transferred to hospital for further care . on [ * * d -
dd * * ] he underwent a cardiac cath which revealed three vessel coronary artery disease and aortic stenosis .

on [ * * d - dd * * ] he was brought to the operating roomwhere he underwent a coronary artery bypass graft and aortic valve replacement .

following surgery he was transferred to the cvicu for invasive monitoring in stable condition

. remained on levophed , milrinone , and vasopressin drips which were slowly weaned over a few days . within dd hours

he was weaned from sedation , awoke neurologically intact and extubated . on post - op day

bedside swallowing eval . performed on post - op day five as he had some dysphagia with emesis along with altered mental status .

he slowly developed worsening pulmonary edema despite aggressively pulmonary toilet .

he required a right thoracentesis for an effusion on post - op day twelve .

he also had thoracentesis on the left and his respiratory status improved .

he was intermittently on bipap at night and no longer requires this .

his mental status and respiratory status improved and he was discharged to rehab in stable condition on pod # dd .

medications on admission : asa dddmg daily , plavix dd mg daily , atenolol dd mg daily , isosorbide dd mg qam , norvasc d.dd mg qpm , lasix dd mg daily , metformin ddd bid ,
lipitor dd mg daily , klor - con dd meq bid , nitro patch d.d mg / hr , oscal ddd + hida , mvi discharge medications : d . aspirin dd mg tablet ,

delayed release ( e.c . ) sig : one ( d ) tablet , delayed release ( e.c . )

disp : * dd tablet , delayed release ( e.c . ) ( s ) * refills : * d * d .

acetaminophen dddmg tablet sig : two ( d ) tablet po q4h ( every d hours ) as needed for temperature > dd.d .

d . docusate sodiumdddmg capsule sig : one ( d ) capsule po bid ( d times a day ) .

albuterol sulfate d.d mg / d ml ( d.ddd % ) solution for nebulization sig : one ( d ) inhalation q4h ( every d hours ) as needed .

ipratropiumbromide d.dd % solution sig : one ( d ) inhalation q6h ( every d hours ) as needed .

d . folic acid d mg tablet sig : one ( d ) tablet po daily ( daily ) .

thiamine hcl ddd mg tablet sig : one ( d ) tablet po daily ( daily ) .

atorvastatin dd mg tablet sig : one ( d ) tablet po daily ( daily ) .

magnesiumhydroxide dddmg/5 ml suspension sig : thirty ( dd ) ml po q6h ( every d hours ) as needed .

particle / doctor_fname sig : one ( d ) tab sust rel .

particle / doctor_fname po prn ( as needed ) as needed for k < d.d .

atenolol dd mg tablet sig : d.d tablet po daily ( daily ) .

furosemide dd mg tablet sig : one ( d ) tablet po bid ( d times a day ) .

bisacodyl dd mg suppository sig : one ( d ) suppository rectal daily ( daily ) as needed .

insulin glargine ddd unit / ml solution sig : twenty five ( dd ) units subcutaneous once a day .

insulin lispro ddd unit / ml solution sig : various subcutaneous four times a day : ss .

fosamax dd mg tablet sig : one ( d ) tablet po once a week .

metformin dddmg tablet sig : one ( d ) tablet po twice a day .

discharge disposition : extended care discharge diagnosis : aortic stenosis s/p aortic valve replacement cad s/p coronary artery bypass graft x d pmh : hypercholesterolemia ,
etoh abuse , h/o prostate ca , s/p prostatectomy , niddm , htn discharge condition : good discharge instructions : no lifting more than dd pounds for dd weeks shower daily , n
o baths or swimming no creams , lotions or powders to incisions no driving for d weeks and off narcotics take all prescribed medications as directed report any wound draina
ge / redness or fever greater than ddd to our office .

stitle in d weeks ( telephone ) followup with dr .

name_pattern name_pattern in d - d weeks name_pattern name_pattern md

Pleurisy

Diabetes
Mellitus

he also had thoracentesis on the left and his respiratory status improved.



Bayesian formulation of deep learning in 
healthcare
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Nature Genetics (2017).

Understanding	the	role	of	tumor	heterogeneity	in	GBM	
under	therapy:	
Topological	data	analysis	in	single	cells



Data assimilation in diabetes

• Joining mechanistic models & empirical data
– Glucose, insulin production, excretion, etc.
– Estimate parameters from data
– New: accommodate sparse, irregular, noisy data
– Constrain the search space

Albers,	et	al. PLOS Comp Bio (2017)



Curriculum 

• Example course trajectory example for student in data 
science track with focus on EHR data and healthcare

Acculturation in
Prog and Stats*

Introduction 
to Biomed Inform

Symbol Methods
in Biomed Inform

Research Methods 
in Biomed Inform

Comp Methods
in Biomed Inform*

Fall Year 1 Spring Year 1 Fall Year 2 Spring Year 2

Acculturation to 
Medicine

R E S E A R C H

Foundations of 
Graphical Models*

Core DBMI Course
Domain Objective

Quantitative Obj.

Healthcare Process 
Redesign

Deep 
Learning*

Algorithms for 
Data Science*

IT Objective

Intro to Qualitative
Methods

Qualitative Obj.



Diversity of students and backgrounds:
Acculturation to Programming and Statistics
• 1st-semester course (open to all DBMI students)

– Introductory data science fundamentals
– Computing (e.g., Linux environment, Python, Data Persistence)
– Statistics (e.g., sampling, estimation, basics of prediction)
– Reproducibility (e.g., Git, GitHub)

• Flipped classroom; focus on “doing”
– Lectures/readings outside the classroom
– Labs in the classroom with real-world, very large health datasets
– Two instructors + 1 TA for 12 1st-year students 
– Rotating teams of 3 students for each lab



Evaluation

• Student Feedback
– Formal course evaluation and direct interaction

• DBMI Training Committee Feedback
– Review course evaluations, discuss feedback and the syllabi with the 

course instructors, and propose changes
– Meet with elected student representatives regularly

• External Advisory Committee Feedback
– Russ Altman, Ted Shortliffe, Kevin Johnson, Justin Starren
– Senior researchers in data science: Dr. David Blei (CS and Statistics) and 

Dr. Shih-Fu Chang (Electrical Engineering, CS, Senior Vice Dean Eng)
• Student Enrollment

– New data science courses and the overall track in data science
• Impact on data science research within and across DBMI

– Number of research papers published by students enrolled in the courses
– Number of projects and collaborations that started from a project in one 

of the proposed courses


