Tectonic shifts in the health information economy:
Case studies in mining existing data for public health
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How to measure population health?
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Standard Approaches:
RCT and Observational Studies

Small sample sizes

Detection of rare events is often impossible
Rare diseases not usually considered

Often cost prohibitive

Difficulty in repurposing data

Not geared to vulnerable populations

Data not available in real-time or near real-time



Harvard-MIT Division of
Informatics Program Health Sciences and Technology

s o Real-time Population
Health Monitoring

.-"g"-} Children’s Hospital Boston

HARVARD & () Chibdens Dpatal Buson
3 W BT |

ol O N

= =

—

T

—

—

- s .

—-——
FLEET AESRATION
ot far Cutrett Semuian
oooa eEr fayr  SSEh o
[ahe BbsrTmmm
oyiecH  eEmioetap Pl o
oD BEF Gan? e oo = B
Dmoa epr Gags  Goil caon [P P
B BEF Gajiy el e Iy I
i [

AT P e iy, s
- S f“x Y r H"'-\'_‘_ ,.L"" v ___‘H Jprr‘ - -f':-’
B == - Meen 0 Cramy , :
X1 CE Ao S il il — o \.‘,
W t
Tpatiali Tarparsl Alaranon -
Te s g s P g & T T T TR T BT T T
T s Eoeriad ks T O T T e e ey
o g sl it — 1t i s Nnirb o Pt
Waakiyill ian af B vt by dge

HEAL THmap
Cilobal fesss Berl Mg
b




Children’s Hospital Boston
Informatics Program

Harvard-MIT Divisionof gm m}
Health Sciences and Technology $\® &

Data types i

Biological sensors

Surveillance of citizenry
Patient self-assessment

Timeliness

Sensitivity?

4 Information seeking (web clickstream, etc.)
Grocery product sales
Over the counter and prescription medications
School and work absenteeism
Nurse triage telephone calls
4 Physician office visits
EMS activity
Emergency department visits
Hospitalizations
4 Orders
Laboratory tests
" Preliminary diagnoses
‘ Confirmed diagnoses
neubation Health and Diagnostics A
. healthcare Additional
Period : .
behaviors evaluation
| |
> < Specificity
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Non-traditional Health care data sources

@ Emergency department chief complaints

@ International Classification of Disease (ICD) codes
@ Text-based notes

@ Laboratory data

@ Radiological reports

@ Physician reports
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Non traditional non-healthcare data sources

@ Retail sales data

@ 911 operators

@ Call triage centers

@ School absenteeism

@ Animal surveillance

@ Internet-based reports
@ Patient self-assessment
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How to measure population health?

Non-traditional healthcare data
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Case study: Challenge of Drug Safety

@ Premarketing maximize likelihood that approved drugs are
safe and effective

@ Issues: many small, short term RCT means missing
occurrence of rare but serious adverse drug events, drug
interactions, late events, pregnancy, different effects in
subgroups

@ Challenge of early detection relies on US postmarketing
system
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Goals of pharmacovigilance

@ Early and reliable detection of problem drugs

@ Characterization of magnitude of impact
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Pharmacovigilance and EMR

@ Accumulating evidence suggests critical insights can be
realized from monitoring large clinical databases

@ Analytical epi studies of large exposed patients clearly
outweigh current federal system for collected information

@ Need for automated real-time denominator based methods
that is capable of capturing rare events

@ Existing electronic medical record databases means that
exposure and outcome data can be linked without much
extra cost or invasion of privacy
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Yearly trends in Ml
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Monthly trends in Myocardial Infarction:

Sudden Increase
0.07

Introduction of COX-2 Inhibitors
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Signal Detection
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Effect on patient age
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Partners i2b2 Pharmacovigilance Initiative
Methodology Goals

@ To develop model that enables retrospective identification of
events in defined patient cohort

@ |dentify a method for identifying patients receiving their care
and prescriptions at Partners (to identify event if occurs)

@ Provides framework for identifying patients in prospective
manner for real-time analysis
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US Population with Diabetes

Table 1—U.5. population (in thousands) and percent of U.5. population with diabetes, 2007
Tatal 115, With diagnosed With undiagnosed
population diaketes diabetes Total with diabetes=®

Total population® 301,736 17,486 5.6% 6,640 2.2% 24,126
Racefethnicity

Mon-Hispanic white 199,091 11,403 357% 4,520 2.3% 15,923 B.0%

Mon-Hispanic black 37,002 2,775 7.5% Gag 1.9% 3474 9.4%

Mon-Hispanic other 20,101 107G 4% 317 1.6% 1,393 6.9%

Hispanic 43,341 2,231 4.9% 1,104 2.4% 3,335 7.3%
S

Male 145,744 8343 37% 3,113 2.1% 11,656 7.8%

Female 152 992 8,043 3.8% 3,328 2.3% 12,471 8.2%
Age (years)

< 16 T T8 157 0.2% 25 0.1% 192 0.5%

16-34 70,273 Q64 1.4% B60 1.0% 1,632 2.3%

3544 43 356 1,686 3.9% 1,174 2.7% 2,860 6%

45-34 43,538 3443 7.9% 1,327 3.0% 4,770 10.9%

35-39 18,235 2,307 12.7% 736 4.1% 3,063 16.8%

G- 14,323 2,261 15.68% L] 34% 3,036 2125

(560 10,600 1,879 17 6% 830 B.0% 2,729

=70 27042 4,788 17.7% 1,055 3.9% 3,843 1.6%
Insurance

Private 160 BEG 7.057 4.2% 3,018 1.8% 10,075 5.9%

Government 91,794 8997 9.8% 2,801 3.1% 11,588 13.0%

Uninsured 40,055 1432 3.6% 731 1.8% 2,163 3.4%
Source: Combined information from the 2004-2006 MHIS, 2004 MRHS, 19992004 MHAMES, and the 1.5 Census Burean population estimates for 2007,
*Mumbers donot necessarily sum to totals becanse of rounding,

ADA: Economic Costs of Diabetes in the U.S. in 2007. Diabetes Care. 31:596, 200!
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FDA Approved Medications for Type 2 Diabetes - 2008

Approved Antidiabetes Medications in the United States.

Efficacy as Monotherapy, Measured
Route of Year of Introduction as a Reduction in the Glycated
Medication* Administration or FDA Approval Hemoglobin Concentration
percentage points

Insulin Parenteral 1921 =25

Inhaled insulin Pulmonary 2006 1.5
Sulfonylureas Oral 1946 1.5
Biguanides Oral 1957

Metformini Oral 1995 1.5
Alpha-glycosidase inhibitors Cral 1995 0.5-0.8
Thiazolidinediones Oral 0.8-1.0

Troglitazoney: Oral 1997

Rosiglitazone Oral 1999

Pioglitazone Oral 1999
Glinides Oral 1997 1.0-1.5
GLP analogues Parenteral 2005 0.6
Amylin analogues Parenteral 2005 0.6
DPP-IV inhibitors Oral 2006 0.5-0.9

* GLP denotes glucagon-like peptide, and DPP-IV dipeptidyl peptidase IV.
T Metformin has been available in other countries since 1957 but was approved in the United States in 1995.
T Troglitazone was approved in 1997 but was withdrawn from the market in 2000 because of hepatotoxicity.

Nathan D. N Engl J Med 2007;356:437-440
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Effect of Rosiglitazone on the Risk of Myocardial Intarction
and Death from Cardiovascular Causes
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Effect of Rosiglitazone on the Risk of Myocardial
Infarction and Death from Cardiovascular Causes

Table 4. Rates of Myocardial Infarction and Death from Cardiovascular Causes.

Study

Myocardial infarction

Small trials combined

DREAM

ADOPT

Overall

Death from cardiovascular causes
Small trials combined

DREAM

ADOPT

Owerall

Rosiglitazone Group

Control Group

no. of events/total no. (%)

44/10,285 (0.43)
15/2,635 (0.57)
27/1,456 (1.85)

25/6,845 (0.36)
12/2,635 (0.46)
2/1,456 (0.14)

22/6106 (0.36)
9/2634 (0.34)
41/2895 (1.42)

7/3980 (0.18)
10/2634 (0.38)
5/2895 (0.17)

Odds Ratio
(95% Cl)

1.45 (0.88-2.39)
1.65 (0.74-3.68)
1.33 (0.80-2.21)
1.43 (1.03-1.98)

2.40 (1.17-4.91)
1.20 (0.52-2.78)
0.80 (0.17-3.86)
1.64 (0.98-2.74)

P Value

0.15
0.22
0.27
0.03

0.02
0.67
0.78
0.06
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EMR Pharmacoepi Study

@ Inclusion criteria: Patient is on a diabetes medication

@ Analyzing patients Outpatient Encounter or Inpatient Encounter over 6
month intervals

@ Characterize patients

> Age, Gender, Prior cardiovascular disease, use of hypertensive Meds, use
of hyperlipidemic Meds, Outpatient insulin, Charlson score, Creatinine,
Hbalc, Race, insurance

@ For each 6 month period
» Patient must have inpatient/outpatient visit
> Determine whether prescribed:
+ Rosiglitazone, Metformin, Sulfonylurea, Pioglitazone

@ Follow patients longitudinally
> Earliest time period that pt meets cohort definition

> Analyze patient observation periods until: Death, Myocardial Infarction
(1C9-410.x), End of Study or gap in care
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Drug Exposure: Preliminary Results

Total T2D patient- 6 month periods between 1/1/2000 - 12/31/2006:
> 159,604 periods (from 34,278 patients)

[+

» Total patient-6 month periods on Rosiglitazone:
» 8,707 periods (4,274 patients)
> 2,888 mono-therapy (1,909 patients)
> 1,936 with metformin alone
> 1,709 with sulfonylurea alone
> 2,174 with all three

« Total patient-6 month periods on Metformin
» 48,713 periods (18,162 patients)
> 28,630 mono-therapy (12,774 patients)

o Total patient-6 month periods on Sulfonylurea:
> 40,694 periods (17,157 patients)
> 20,838 mono-therapy (11,435 patients)
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Pharmacovigilance Rosiglitazone Study
Event Identification in relation to Drug Exposure

@ Total events
> 5,108 Ml events (64 per 1000 patient-years)

@ Total events associated with Rosiglitazone:
> 477 Ml events (110 per 1000 patient-years)
> 203 Ml events on mono-therapy (141 per 1000 patient-years)

@ Total events associated with Metformin
> 1,544 Ml events (63.4 per 1000 patients-years)
> 721 Ml events on mono-therapy (50 per 1000 patients-years)

@ Total events associated with Sulfonylurea:
> 2,405 MI (118 per 1000 patients-years)
> 1512 MI events on mono-therapy (145 per 1000 patient-years)
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Diabetes Mellitus Avandia Study
Modeling Strategy

@ Fit generalized linear models (GLM)
@ Poisson distribution

@ Exposure time as offset

@ Accounts for overdispersion

@ Model:
> Univariate
> Full Coverage Model (Only variables with data on each individual)
» Comprehensive Model (All 11 variables)
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Model Results

@ Rosiglitazone vs Metformin:
+ Crude RR: 3.0 (95% Cl 2.7-3.3)
+ Comprehensive Adjusted RR: 2.5 (95% Cl 2.2-3.0)

@ Rosiglitazone vs Sulfonylurea:
+ Crude RR: 1.0 (95% Cl 0.9-1.2)
+ Comprehensive Adjusted RR: 1.2 (95% CI 1.0-1.5)

@ Rosiglitazone vs Pio:
+ Crude RR: 1.5 (95% Cl 1.2-1.9)
+ Comprehensive Adjusted RR: 1.6 (95% Cl 1.2-2.3)
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Prospective Surveillance

Initial Model Full Coverage Model
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Prospective Surveillance
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Study findings

@ Despite model assumptions, identified potential CV risk of
rosiglitazone based on real-word population

Confounding by indication = pio results provide confidence
Risk is consistent with other studies

> RR against Sulfonylurea of 1.2 - same as NEJM meta-analysis,
but higher than others

> RR against Metformin of 2.5 = higher than other studies

> Trend is similar to McAffee et al with increased risk when
comparing to metformin but results in that study were not
significant

> RR against Pio of 1.6 = consistent with recent Gerritis paper
(showed 22% reduction in AMI for P10)

@ EMRs as an innovative approach to rapid safety signal detection
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Ongoing Research Challenges

@ Much electronic information is in free text
@ Medical record data are not complete

@ Data quality

@ Relationship to RCT data
@ Patient Privacy
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Next Steps

o NLP approaches to augment drug exposure identification

Experiment with other drug-event associations

o

o Relevance networks to look at all comparisons and identify
unknown associations

o Implementing methodology and Vvisualization prospective
monitoring
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How to measure population health?

Non-traditional non-healthcare data
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gathering population data outside healthcare
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Case Study: Emerging threat of infectious diseases

@ Breakdown of public health measures
@ Drug and pesticide resistance

@ Unsuccessful vaccine development

@ Environmental change

@ Human demographics and behavior

@ International travel and commerce (ie: wildlife)
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Public Health Surveillance

@ Need for evidence-based decisions for
implementation and targeting of control activities

@ Challenge outside the scope and budget of
traditional surveillance systems
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Traditional public health reporting
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Informal reporting
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Usage

@ 1,000-150,000 unique visitors/day
@ >1,000,000 since launch in 9/06

@ Top visitors:

CDC.gov

WHO.int

DHS.gov

National, state, local public health depts
NGOs

National Conventions
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Researchers Track Disease With Google News,
Google.org Money

By Alexis Ma d.l‘l.;..lM July 07, 2008 | 7:00:03 PM Categories: Disease, Pandemic, Web/Tech
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Get Your Daily Plague Forecast
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By Sean Captain % | B aAlso by this repaorter

0Z:00 AM Oct, 19, 2006

July 8, 2008 in Hoakh |

World W'lde Wellness Online Database Keeps
Tabs on Emerging Health Threats

A new tool tracks diseases, contaminants and other threats as they ocour wordwide

By Adnm Hadhary

ED o

TRACKING WORLD HEALTH: The onne datatase,

aNEBacF

Mews ravels IaE—aapacially onling—and a group of
scientists inlends o put this 1o good use l:w
moniioring and irsing 1o shap infe o5 in
thuir tracis.

Researchers @l Children's Hospital Boston and
Harvard Medical School have lawnched a data-
mining project called Healhhiap, This auiomabed
Syshom Soours news sendoes and onling disoussion
forums, pooling information about emesging hisalth
thmats worldwide

By daing $0, HealthMag provides a glimpase of
potential disease outbreaks in local pockets, ofien
beerfore govemment and ofher hoalth agencies such
o5 the World Health Organiza$on and the U
Coriirs for Disease Contral and Priveeniion (C0G)
roalin thery any threats

Wi hope that HealthMap «38 be able o identfy
outheisiks I:nrurlr raditional organizations baeooeme
g of B, ” says John Brownsising co-founder of

Halthhd ||:| ard @n s '\.1 |n pnh-mn |.I"1|
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Salwnllﬂ 12“]
2 CiNot vet Classified [149)
= @ avian Influenza (110)
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washingtonpost.com

Hot Spaote
Before TFG?E"I‘IH, You Mﬂ}f Want a GHEEHUF

Tuesday, March 20, 2007; Page HED2

What's New Now you can satisfy your morbad cunesity and discover

what diseases are plagumg your favorite vacation spot before
hopping the next flight. Instead of stumbling through a host of blogs
and news sites, visit http:/'www .healthmap.org, created by Boston
epidemiologist Clark Freifeld and research software developer John
Brownstein to track disease outbreaks around the world.
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HealthMap Stats

@ > 200 alerts per day
@ >200,000 alerts so far

- @ Alertsin 201 countries &
territories

@ Five languages — English,
French, Spanish, Russian,
Chinese, Portuguese, Arabic
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Influenza A (H1N1) Reports

Source

® Informal Sources (Media)
O Official Sources (ie: CDC, WHO)

&l HealthtMap Sources »

Toomtbo: H. America § America EBurope Afiica Mideast Asia Aushralio World Ful Screen

Wiew HIMI on HealthiMap »

| Category

ClRuled out
Suspected Cases
Suspected Deaths
Confirmed Cases
Confirmed Deaths

Towomn bo country

afohanistan

Albania
Algeria
American Sarmoa [USA]

Antigua & Barbuda

Argentina
Australia

Austria
Azerbaiian
Bahirain
Bangladesh
Barbados
Belarus
Belgiurn

a
Date ran 1 Apr- 1 ALg*
T T
Wiew Progression |
Province/
| Lacal Courtbry
a ocd L

Q @ Ruled OuUt

Q @  suspected Cases
Q @  Suspected Deaths
, @ Confirmed Cases
, @ Confirmed Deaths

1.5, Brownstein, C.C, Freifeld, and L.C. Madoff (2009) Influenza A (HIM1) Winus, 2009 - Online Monitoring, Mew England Journal of Madicing

Official data is obtained from COC and wWHO daiy Influenza A (HIM1) updates, Informal data sources are a subset of repaorts from the HealthMan database, The case
nurnbers shiown are cumulative counts, HealthMap is a public website bringing together disparate data sowrces to achieve a unified wview of the current global state
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Global Spread of H1IN1

o
o = L Mew Caledonia, Myanmar
0 AR Ir2q, Serbia, Indonesia, Vanuaty, Cambhos ory Coast
3 Cape Verde, Guernsey, Iran, Montenegro, Tunisia Latvia
8 o Fili, Anfigua &nd Barbuda, Brunei, Algeria
o - Papua New Guinea, Bangladesh, Slovenia, Ethiopia
o - Macao, Laos, South Africa
@ LS. Virgin Islands, Oman, Saint Martin
E Sri Lanka, Cratar, Samoa, Christmas lsland, Yemen, Jordan
—
tE o Eﬁﬂshgir in Jsland; Xy
_ alestinian Temitory
(=] o0 Martinique, French Polynesia, Trinidad and Tahﬂggﬂmlc ayman slands
O audi Arshia, Bermuda, Barbados
- Luxembaurg, Ukraine, Micaragua, Egypt
- ) , Bulgania, Bahamas
= Wietnam, Jamaica R
= o Estonia, Lebanon, Cyprus
— Hungal ‘Venezuela, Bolivia, Slovakia H
g © Uruguay, Romania, Dominican Republic @ S U rve I I |a n Ce Of
= Czach Republic, Bahrain, Puerto Rico Singapare
e
g Clusters
e o
O % - Closures
(8] . . .
5 Community transmission
0
=T . . .
E Changes in transmission
3 South Kaora
2 Wetherands, Switzedand X . . . .
sae, New Zasand,CovaRica g CSTENY At Changes in age distribution
United Kingdom, Spain
o - Unitad States

T T T T T T T T T T T I T T T T T T T T I T T T T T T TI T T T IT T T
04/11 04/18 04/25 05/02 05/09 05/16 05/23 05/30 06/06 06/13 06/20 06/27

Date



P (.
.~ (g% \ Children's Hospital Boston Harvard-MIT Division of gmm, -}{
@1 L J Informatics Program Health Sciences and Technology $\® &

-

School closures

18 .
7 @ 37 schools with at
least one confirmed
6/16/1g/3 case in 25 counties in
5/1155/15 e 5;2%5!2‘] 14 states
51155/14 %
ml 3519 i - Siad
5 5/11 523 5021 _
. Ty Vol @ 32 public schools, 5
L ]

private;

if?

@ 13 schools in urban
districts; 16 schools in
suburban districts; 6
schools in smaller

towns; 2 schools in
rural areas

5/22
423

e  Schools with confirmed case(s)

I counties with schools with confirmed cases

37 schools with cases compared with the other 10,035 schools in the 25 counties
containing the outbreak schools

- Increased risk in urban more affluent areas (increased travel history, healthcare
access, reporting bias...)
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Moving from passive to active surveillance:
Participatory Epidemiology
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WATCH LIVE: New York officials discuss swine flu outbreak
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Hand, Foot, and Mouth: Outbreak
Spreading in China

HealthiMap Healthiap Tech Talk is now on YouTube:

CmAMa Urges calm and caunon, not panic for swin fu
by, e | cormidousdi: #owineiiu
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Community Input: Digital Disease Detectives

Hosted by GOUS[C‘.'" [ Search News ) Back to Google News
Iceland reports its first death from swine flu, cases THE CANADIAN PRESS **?
have spiked on island in recent weeks
By THE ASSOCIATED PRESS (CP) — 1 day ago Map
REYKJAVIK, Iceland — |celandic health officials reported their country's first swine flu death
Meonday amid a spike in cases on the North Atlantic island. Iceland

The victim, an 18-year-old disabled woman, died after falling ill about 11 days ago, Iceland's RE&.
Directorate of Health said in a statement. The woman had a pre-existing lung condition which
contributed to her death, according to Dr. Olafur Baldursson, the director of medicine at
Reykjavik's Landspitali University Hospital, where she died.

o
Ketlayik

FOWERED EY

"The girl had been multiply disabled for a long period of time and suffered from a chronic
pulmenary disease,” Baldursson told journalists Monday.

lceland, a county of about 300,000 people, has so far seen a total of 479 laboratory-confirmed
cases of the virus - many of them occurring in the past two weeks. Until recently the virus was
largely confined to the capital, but swine flu has now spread across the country, resulting in "a
huge drop" in school attendance in some rural areas, according to the health directorate.

The directorate added that the virus was adding considerably to the work of the small nation's
health care service.

Swine flu, first identified in April, is a global epidemic. The World Health Organization says there
have been nearly 400,000 laboratory confirmed cases and over 4,700 deaths linked to the
illness. But many countries have stopped counting individual cases and the organization says
the true totals are likely to be much higher.

Outbreak, missing from the map? Help us by adding it
hitp: /R L-of-Disease-Cuthreak-Repon IIsernarme or Ermaill I,
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1st US case of Marburg fever confirmed in  Ap ssiese
Colo.

Sat Feb 7, 613 pm ET b Bu=up 4 Send w Share w | &2 Print

WHEAT RIDGE, Colo. — The first U.S. case of Marburg hermorrthagic fever has been confirmed in Colorado,
and autharities say the patient — who contracted the rare illness while traveling in Uganda — has since
recovered.

Outbreak missing from the map? Help us by adding it:
hitp: fURL-of-Disease-Cuthreak-Reporn lIsername or Email K,

T T T T T T T T T S T T T T T T T T A T T T o A T T T T T T T T T T

and encountered fruit bats, which can carry the Marburg virus. The Ugandan government closed the cave after
a tourist from the Netherlands died from Marburg in July.

The patient was treated at Lutheran Medical Center in January 2008 and sought follow-up care in July, after
learning of the tourist's death. The patient recovered and his or her identity wasn't disclosed.

sample taken in January 2008 confirmed the illness in the Colorado patient in December.
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Is a Swine Flu Outbreak Coming? Ask Your iPhone

By Bryan Walsh
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summer, West Nile viruzs has been detected in
mosquitoes in Boston, city health authorities said today.
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crowd-sourced surveillance

@ Closures “Outbreak of laboratory-confirmed HI1IN1 in
schools in the provinces of Lucca and Pisa, Tuscany,
Central Italy” “Canterbury elementary school closed until
10/23 due to 30% percent of students out with flu.”

@ Clinical “10 year old boy confirmed test positive. Innitial
onset came on fast with extreeme headache, fatigue, and
low/med grade fever. He bagan tamiflu same day. Is
asthmatic. So far is recovering well.”

@ Clusters “First my 5 year old son got it then my 18 month
old daughter got it. Now my wife and | both have it.”
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Part ll: Conclusions

@ Value in the fusion and visualization of distributed electronic
resources

@ Complements traditional healthcare data sources by
providing customized real-time intelligence for the broad
scope of international public health activities

@ Importance of multi-lingual, collaborative approach that
minimizes information overload and engages users



& - ". ‘\"} Children's Hospital Boston Harvard-MIT Division of g o o0 § —I_I
. L &/ Informatics Program Health Sciences and Technology $\® &
e i

Key questions

@ What are the regulatory obstacles impacting your work?

@ What are the resource needs required to replicate your work at other
institutions?

@ What are the priority short term "translational” questions in your
fields that would represent the most rapid payoff on investment?
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Regulatory Obstacles

Non-traditional healthcare data

IRB

Data security

Anonymization of data (especially when considering rate events)
Data standards

Adoption of EMRs is low (only 33% of physician offices use)
Lack of universal patient identifier

Data often silo’ed by clinical specialty, lab service, etc

Non-traditional non-healthcare data
@ Much of the non-traditional data falls outside regulatory structures
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N Resources Needed
Non-traditional healthcare data

NLP approaches (eg: augment drug exposure identification)
Database storage capacity

IT infrastructure

Signal processing technology

Implementing methodology and visualization

Prospective monitoring (human analysts)

Validation efforts

Common data “clearinghouses” — allow parties to publish data while
retaining control

> Patient locator/identifier/anonymization services
> Patient consent

> Billing code resolution

> Drug metadata
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Resources Needed
Non-traditional non-healthcare data

Validation efforts

Population representativeness

Extrapolation of results

Appropriate denominators

Historical baseline

Self-report biases

Sampling frame

Signal to noise

Validity of empirical surveillance data for epidemiologic studies

Value to make regulatory decisions
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Priority short term question

@ Mining EMRs for discovery (safety, benefit, drug interactions)

@ Mining search usage data for discovery (safety and benefit and drug
interactions)

@ Use of social networking for clinical trials recruiting, safety and
discovery

@ Mobile devices and EMR, to reach underserved populations US &
worldwide

@ Beyond drug safety: could we have discovered virus - CFS association
from EMR data?
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Public Health 2.0 and EMRs
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Social Networking and EMRs
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Mobile Devices and EMRs
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