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Digital Phenotype 



Patient experience Drug safety 
Drug diversion & abuse 

Food borne illness Chronic disease 

Digital Phenotype 





Digital disease detection picks up early signals 

Traditional public health monitoring 



Distribution of Disease 



Medicine Use 

Negative Reaction 

Suspected Problem 

Require medical attention 

Life threatening 

Reported 

Verified 

Patients don't report bad reactions  
because they don't know they should. 

We can amplify their voices by meeting patients  
where they are at and filtering out noise. 



Vernacular-to-Regulatory 
Translation 



SOCIAL 



FDA-sponsored social media monitoring platform 

SOCIAL 
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Acquire Curate Causation 

Statistics Filter 

Data Flow for MedWatcher Social 



Spelling Variations Combined or invented words Implied phrases Internet Vernacular Translation 

lost their eyesight 

seeing weird color 
seeing weird colour 

doublevision 

uldn’t see 
double vision 

blind 
googley eyed 

blurry vision 

changes in vis  cross eyed 
seeing weird 

vision change 
blindness 

cross vision visual snow 

googly eyed 
seeing doub  

making me eat like a mouse 
anorexic 

st appetite 

#notevenhungry 
appetite is nonexistent 

apetite surpressed 

didn’t get hungry 

dont want to eat 

killed my apetite 

miss feeling hung  

killed my appetite 
can’t eat 
lost apetite 

lost my appetite 
no appetitey 

lack of apetite 
stomach small 

lost teh appetite 

never h  never want to eat 

cant eat 

cou   crosseyed 

blurry 

  
  
  

  
 
 

  
  
 

   
 
 

apetite surpressed 

killed my apetite 
lost apetite 

lack of apetite 

lost teh appetite 

Typos 

seeing weird color 
seeing weird colour 

googley eyed 

googly eyed 

#notevenhungry 

no appetitey 

making me eat like a mouse 

never want to eat 



Visual impairment 
MedDRA 10047571  

Visual impairment 
SNOMED 397540003 

Decreased appetite 
MedDRA 10061428  

Loss of appetite 
SNOMED 79890006 

making me eat like a mouse 
anorexic 

st appetite 

#notevenhungry 
appetite is nonexistent 

apetite surpressed 

didn’t get hungry 

dont want to eat 

miss feeling hung  

killed my appetite 
can’t eat 
lost apetite 

lost my appetite 
no appetitey 

lack of apetite 
stomach small 

lost teh appetite 

never h  never want to eat 

cant eat 

lost their eyesight 

seeing weird color 
seeing weird colour 

doublevision 

uldn’t see 
double vision 

blind 
googley eyed 

blurry vision 

changes in vis  cross eyed 
seeing weird 

vision change 
blindness 

cross vision visual snow 

googly eyed 
seeing doub  

cou   crosseyed 

blurry 

killed my apetite 
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CONS 

Xanax Xanax and Hydrocodone and Hydrocodone Xanax and Hydrocodone Hydrocodone is and Hydrocodone is Hydrocodone is like blackout a blackout having a blackout blackout without a blackout without blackout without the drinking the drinking without the drinking drinking and the drinking and drinking and the 
hangover the hangover and the hangover 

Xanax Hydrocodone blackout 
hangover 

and is like having a without the drinking and the 
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0.8208 

Xanax Hydrocodone blackout 
hangover 

and is like having a without the drinking and the 





Manually c lassified to 

identify AEs 

Precision 

-  

Positive predictive 

value 

Recall 

-  

Sensitivity 

Posts mentioning 

medical products 

57M 380k 68% 88% 

System Performance 



Overall Association 



Isotretinoin (Accutane) for Acne 

19 

• Accutane + tanning isn't a good combination. My lips are SO chapped. #accutaneprobz 
• this hair loss is seriouly scaring me im going to stop accutane right now bye 
• My liver is keeping me up again. :( I'm probably going to be babying it for the rest of my life after accutane 

gave me hepatitis. No fun. 
• having to put vaseline on your eyelids because they are so dry and hurt so bad <<<<< #accutane 

#accutaneprobz 



KNOWN FREQUENCY ADVERSE EVENTS 

1:10k+ 1:1000 1:10k 1:100 1:10 

10 

100 

1k 

VERY COMMON 
decreased blood sugar 
levels, diarrhoea, 
nausea 

COMMON 
bronchitis, constipation, 
abdominal distension, 
faster heart rate, feeling 
dizzy, flatulence, 
gastritis, gastro-
oesophageal reflux, 
headaches, indigestion, 
inflammation of 
nose/throat, injection 
site problems, loss  of 
appetite, antibodies to 
Victoza, skin rash, 
stomach pain, tiredness, 
toothache, vomiting 

UNCOMMON 
dehydration, malaise, 
itching, kidney 
problems, urticaria 

RARE / VERY RARE 
anaphylaxis, angioedema, GI 
problems; pancreatitis, 
hypersensitivity 

10k 
SOURCE 
emc+ Medicine Guide, Jan 16, 2015, Datapharm 
medicines.org.uk 

Medicine Guide 
Preferred terms appearing in social media and not appearing 





IN THEIR OWN WORDS 

Typical 

Proto-AEs 
 

& Patient 

Benefits 

@user I just restarted 
taking victoza which made 
me so sick to my stomach 
till my body got used to it. 
 
 
Aside from the nausea 
(worse today) and 
occasional bouts of 
hypoglycemia (better 
today), four days on 
Victoza and down 5.3 lbs! 
Amazing! 
 

Twitter, May 3, 2014 

Facebook, December 9,  
2014 
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IN THEIR OWN WORDS 

Product 

Quality 

Issues 

 
Anyone else having issues 
with plugger jamming on 
their flex pen of victoza? 
The only difference I see is 
the new needles . I had to 
stick myself 4 times today 
to get almost a full dose. 
Frustration. Doesn't seem 
related to where I am into 
pen, first dose, midway , 
last. Third pen this has 
happened on in a row 

Facebook, December 9, 2014 

 



IN THEIR OWN WORDS 

Diversion & 

Re-Sale 

 
I have 2 boxes of victoza 
insulin pens if interested 
inbox for more information 

Facebook, February 3, 2015 

 
Please, if anybody is on 
Victoza for diabetes or insulin 
resistance < i ordered too 
much stock and it is non 
returnable being a fridge item 
> please pop in at [redacted] 
pharmacy .....will organise a 
good price to compensate for 
my blunder.  

Facebook, February 27, 2015 

 



IN THEIR OWN WORDS 

Product 

Pricing 

Just bought 4 Victoza pens 
from my pharmacy (CVS). 
$800 out of pocket. Uggg. :( 

Facebook, February 6, 2015 



IN THEIR OWN WORDS 

Off-label 

Use 

Had my first injection of 
Victoza. So if it doesn't kill 
me from one of side effects 
my sugar should stabilize. 
One side effect is puzzling. 
"For type 2 Diabetics only. 
Not intended for type 1 
diabetics". I'm the poster 
child for type 1 Diabetics. 

Facebook, February 6, 2015 

 



Engaging users directly 

27 
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Dasgupta et al. Journal of Medical Internet Research. 2013 



Cross-Validation of Black Market 
Prices 

37 





Dark Web surveillance 



OTHER SOCIAL MEDIA EFFORTS AT FDA 

Tobacco products 
• FDA Center for Tobacco Products 
• Monitoring existing and emerging tobacco products 
• Use, outcomes, perceptions, attitudes 

 
Supply chain monitoring 

• FDA Office of International Programs 
• Monitoring China-to-US supply chain vulnerabilities 
• Food, drug, and ingredients 

 
 
 
 



LIMITATIONS OF SOCIAL MEDIA 

CAUSALITY 
Patients may not correctly assess causality. 
Define methods to measure probability of 
real world significance. 

VOLUME 
Volume of reports likely to be large. Reduce 
false positives and create automated tools 
to triage information. 

SIGNAL DETECTION 
Very limited statistical methods to detect 
problems. Collaborate with academia, 
industry and regulators to refine methods. 

PRIVACY 
Patient privacy expectations and fear of 
government oversight. Use publicly 
available data only. 

REGULATION UNCLEAR 
When is there an obligation to monitor or 
report? Work with regulators and industry to 
clarify guidance. 

01 

02 

03 

04 
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John_brownstein@harvard.edu 

 
@johnbrownstein 

 

Questions? 
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