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Pandemics
Obesity
Opioid crisis

~ Mobility +
Connectivity

Depression

~ WHO
“Ten years in public health 2007-2017"
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Next-generation health
surveillance systems

Near real-time

Work at the scale of nations

Cheap

Unintrusive

Adaptive to new types of health crises

Capture the whole bio-psycho-social sphere of health

m) Digital data
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Metabolic
diseases

In the UK:
26% adults are obese

31k excess deaths
connected to obesity

£58B yearly spending







Grocery purchases data

y TESCO
« Tesco, the largest food retailer in UK 90 B DU
(30% of the market) 4
« 417 stores in greater London 106 -
 1.6B products purchased by 1.6M é 105 -
customers in 2015 (zip code) 5 T
= 2
104_

« 77k unique products
MSOAS

 Nutritional info and ingredients

Dataset: https://doi.org/10.6084/m9.figshare.c.4769354.v2



https://doi.org/10.6084/m9.figshare.c.4769354.v2

Example records

Transactions

2015-04-12-16:45 ggC.. e/sSog== 5561 72294267

Customers

clubcard_number

ggC...e/sSog== NW11NU

Products

I e O C T C I I T LTI
72294267  Finest Dark 2259 629 Sweets

Belgian Chocolate
Choc. Nut Coated Brazil
Nuts (30%) ...



The "average” food product

MSOA



Consumption in space

Fibers Nutrient diversity




Prescription data '

1 e

NHS dataset on GP medicine prescriptions
1,174 practices in Greater London

1.1B prescriptions in 2016, at area level

K Hypertension, Diabetes, Cholesterol
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Matching food and prescriptions
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Diversity & energy predict diabetes

Nutrient diversity
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Limitations

Adaptive to new types of health crises
Capture the whole bio-psycho-social sphere of health

1. Nearreal-time“

2. Work at the scale of nations
3. Cheap

4. Unintrusive

5.

6.



W _ Gather health-related information from social
i [NM\ |a*

ita-mining techniques are disease-
ey orc base
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* Chancellor and De Choudhury: ‘Methods in pred/

Digital Medicine, 2020 "lmm.



@ reddit @ r/Allergies v Q search ” i

| | | | | |
My allergies are ruining my life. Please help! (Can't sleep. Nasal conge... M ed I Ca I CO n d Itl O n S
4 @ r/Allergies - Posted by u/CrispChum New Sufferer 1 dayago fro m text
2

My allergies are ruining my life. Please help! (Can't sleep. Nasal
congestion)

Advice
This is gonna be long. I'll include a TLDR at bottom.
After allergy testing, I'm allergic to mostly everything. Molds, dust mites, pollens, cat, etc.

My major (and only) symptom is nasal congestion at night.

Conditions
This started as soon as I moved I to my apartment in June. Before this, my allergies would
just consist of itchy, watery eyes and runny nose during the spring and fall. I have not
gotten any of these symptoms since I moved. Only congestion at night. Sym p’[oms

Right before I moved in, I was sitting at a fire pit with friends, and the smoke went
directly into my face, and hit my face face mask where I continued to breathe in the
smoke all night.

Drugs

My congestion started the day after, but was minor.

I moved into my apartment, and immediately got a sinus infection. Since I moved in, I
cleaned the radiators and bathroom fan that was full of dust. I also installed a new
window AC because the previous one was full of mold. I installed an air purifier (HEPA)
and bought a heavy duty vac (HEPA). I have low pile carpet that I vac at least once a week.
(All within the first 3 months of moving in)

[ have searched every crevice of the apartment for mold, and found no signs.

Medications I have tried:

* Flonase

* Nasacort (both have similar effect and work to an extent but does not last through



CRF

Bi-LSTM

Contextual
embeddings

Medical entity extraction
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Training on 2000 Reddit
posts labeled via Mturk

F1scorein[0.71,0.78]
on three benchmarks



7M submissions
130M comments
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This started as soon as I moved I to my apartment in June. Before this, my allergies would
just consist of itchy, watery eyes and runny nose during the spring and fall. I have not
gotten any of these symptoms since I moved. Only congestion at night.

Right before I moved in, [ was sitting at a fire pit with friends, and the smoke went
directly into my face, and hit my face face mask where I continued to breathe in the
smoke all night.

RAvzs rearmmeanctisam choareasdd ham Aars oafbmr Iniid tazae v tvs e

4 Posted by u/This_Muffin 12 months ago
i" Anyone already experiencing bad allergies? Or is this a cold?
I've had horrible Spring time allergies since moving to Bloomington. It's very much like having a cold
and I thought I did have one the first time I got them. Right now my throat hurts, I'm exhausted &1
have a runny nose. But it doesn't feel like a full blown cold. Anyone else?
Edit: Thanks for the responses. I've concluded that it's allergies again. I've been less congested tonight
and my throat isn't as sore. My nose isn't pouring like crazy either.
Edit #2: Yep. Allergies. Bad again today and fenofexadine 2x a day is no match for it.
P 38 Comments E: Give Award 4 Share n Save @ Hide [ Report 88% Upvoted
A @ r/Allergies - Posted by u/CrispChum New Sufferer 1 day ago
2 . . .
s My allergies are ruining my life. Please help! (Can't sleep. Nasal
congestion) Throat hurts
Advice
This is gonna be long. I'll include a TLDR at bottom.
After allergy testing, I'm allergic to mostly everything. Molds, dust mites, pollens, cat, etc.
My major (and only) symptom is nasal congestion at night.
Exhausted

Runny nose

Co-occurrence network

ltchy, watery eyes

Congestion



Network processing

Original network Backboning Infomap clustering
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Overlapping

Hierarchical



Reddit
Health

Taxonomy

(A) Level-1 Level-2 Example words Level-1 Level-2 Example words
Mental Conditions
mental isolation, autism, adhd, bipolar, psychosis, se- wobbly feel, dread, hypoma- ¢ skin. 1 b 1 ital discolored skin, swollen lym-
[06] vere illness, anhedonia, stress, tic, paranoia, an- nia, autism, suicidal thought ‘[:ggj:er Zﬁim::;i,vgolu ;ns l:]r;’gd)égl%o?lz?’ umps, gemiails, phnode, back ache, terminally
guish, dyslexia, depression, personality disor- 8 »ymp i ill, gnarly bruise
der, impulsive behaviour, genetic, psych dis- . . . .
order f]’:‘ tioue. miso honiag ersonglist( licht infective sepsi, heart, fever, overdose, penumonia, highly viral, dark mucus,
h d,' 2 - i P iati » P Y. g [01] mosquito-borne, measles, blood, pain, confu- sweating and cough, with
ead, insecurity, dissociation sion knuckle, blood clot
?Sg]l ety anxiety anxicty, anxious, panic attack influenza viral. flu. vellow fever increased temperature, loss of
[01] LY appetite
lfggonahty It:»pdéldysphorla, narcissistic, antisocial, schizo- iﬁﬁﬂoigﬁszﬂéﬁl:ﬁ;ﬁ?g& diabetes diabetes, cataract, metabolic syndrome, vision, nebula, brain fog, low blood
P sive }:I:ehaviour ’ [05] brain sugar, lost pigment
Behaviour f);gl](mson parkinson tremor, jittering
l[);'g?thmg ﬁﬁ?&; fa&iﬁlc?;:;t’ hcal;ti,ozzeathmg, active f:rl?:slzlcainb;zzﬂl}izg;s ::‘::;c injuries body, broken, nagging, traumas, head, disorien- concussion, skull fracture,
g ’ pain, phagus sp [22] tation opiates, sleeping difficulties
vomit [21] vomiting, emetophobia, bugs, pain, gagging terrible fever, phobic, disgust parasites Jvme. funet. fatieue. slocsiness debilitating fatigue, fungal in-
STDs [01] stds, yeast, pregnancy, pain hiv, syphilis, viral load, losing [01] yme, Tuhgl, fatgue, p fection, mold, dark spot
blood, testicular ache .
epilepsy seizure. spine. paralvsis spaced out feel, numb, mus-
obesity eating disorders, hunger, weight loss obese, overweight, excessive [08] » SpIne, paraty cle twitch
[05] fat, overeating Demographics
?(c)ig]lctlon drugs, porn, alcohol, symptoms gggfni- epr:t]:sl:;g,s i:g::;ﬁi’ female pcos, hair loss, vagina, cyst, endometrio- hot flash, irregular period,
& Urge, ’ [16] sis, pelvic, ovaries, spasm, weight/swelling, swollen, painful cyst, vaginis-
sleep [07] hallucinations, pain, traumas, nightmares, ap- ptsd, flashback, apnea, snore, menopause mus
nea, narcolepsis, insomnia, sleepwalking, lack wake up every hour i spitting up, clogged duct, nip-
Body parts (18] reflux, ppd, breast, teeth ple damage, screaming, men-
skin [14] acne, redness, wrinkles, hyperpigmentation, pimple, whitehead, flaky, tally drained
scalp, aging, dryness, only, spots, bleeding, dark spot, ingrown hair, .. , urinary issue, cystitis, strug-
burns, inflammation, rash, itching, eczema, al- mango allergy elderly [-] arthritis, prostate, hernia gling to walk
lergies, bites, herpes, food allergies, soreness, . )
bumps, psoriasis, vitamin, body hair, irritation, pregnancy birth complications, contractions, pms, ;’ﬁgularai;?;trz:;;zns, :111:2‘1{1
scab (18, 19] shake/ache g P P:
cervix
ear [10] tinnitus, dementia, vertigo, vibrations, conges- ringing in my ear, dizzy,
tion, noise blowing nose constantly developmental birth defects, down syndrome, genetic, edema, al?sent nasal bone:, unable .to
[20] reeclampsia, cystic fibrosis digest food, respiratory dis-
eye [09] vision distortion, blurry vision, gallstone, high eye pressure, spatially aware, P psia, ¢y’ tress
pressure, eye alignment, blindness, glaucoma, nearsighted Systems
sweating, light sensitivity, strain, hypertension, y
aneurysm, migraine nervous migrain, stroke, nerve pain, hemicrania, neck vessel occlusion, allodynia,
heart [11] palpitations, irregular, tachycardia irregular heartbeat, poor con- [08] pain, persisting hallucinations cephalgia, photosensitive
centration sniffle, lingering cough,
spine [08] multiple sclerosis, neurogenerative, hernia tingling, lesion, difficult to respiratory cough, ear infection, sinus, sneezing, head, runny nose, tight airways,

1av

ra"1

hronchitie drvneee throat noce abdomen

sore throat, abdominal dis-
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Health
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|ICD-11 category #14

Body
parts

Skin

redness, wrinkles, hyperpigmentation, i s
ACﬂe BUFHS : aging, dryness, only, spots, bleeding, o INPTOW

.l
{l inflammation, rash, itching, eczema, al- mango allergy
crpics, bites, herpes, food allergies, soreness,
bumps, psoriasis, vitamin, body hair, irritation,

scab

Pimple = | whitehead




Reddit
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Taxonomy

(A) Level-1 Level-2 Example words Level-1 Level-2 Example words
Mental Conditions
mental isolation, autism, adhd, bipolar, psychosis, se- wobbly feel, dread, hypoma- ¢ skin. 1 b 1 ital discolored skin, swollen lym-
[06] vere illness, anhedonia, stress, tic, paranoia, an- nia, autism, suicidal thought ‘[:ggj:er Zﬁim::;i,vgolu ;ns l:]r;’gd)égl%o?lz?’ umps, gemiails, phnode, back ache, terminally
guish, dyslexia, depression, personality disor- 8 »ymp i ill, gnarly bruise
der, impulsive behaviour, genetic, psych dis- . . . .
order f]’:‘ tioue. miso honiag ersonglist( licht infective sepsi, heart, fever, overdose, penumonia, highly viral, dark mucus,
h d,' 2 - i P iati » P Y. g [01] mosquito-borne, measles, blood, pain, confu- sweating and cough, with
ead, insecurity, dissociation sion knuckle, blood clot
?Sg]l ety anxiety anxicty, anxious, panic attack influenza viral. flu. vellow fever increased temperature, loss of
[01] LY appetite
lfggonahty It:»pdéldysphorla, narcissistic, antisocial, schizo- iﬁﬁﬂoigﬁszﬂéﬁl:ﬁ;ﬁ?g& diabetes diabetes, cataract, metabolic syndrome, vision, nebula, brain fog, low blood
P sive }:I:ehaviour ’ [05] brain sugar, lost pigment
Behaviour f);gl](mson parkinson tremor, jittering
l[);'g?thmg ﬁﬁ?&; fa&iﬁlc?;:;t’ hcal;ti,ozzeathmg, active f:rl?:slzlcainb;zzﬂl}izg;s ::‘::;c injuries body, broken, nagging, traumas, head, disorien- concussion, skull fracture,
g ’ pain, phagus sp [22] tation opiates, sleeping difficulties
vomit [21] vomiting, emetophobia, bugs, pain, gagging terrible fever, phobic, disgust parasites Jvme. funet. fatieue. slocsiness debilitating fatigue, fungal in-
STDs [01] stds, yeast, pregnancy, pain hiv, syphilis, viral load, losing [01] yme, Tuhgl, fatgue, p fection, mold, dark spot
blood, testicular ache .
epilepsy seizure. spine. paralvsis spaced out feel, numb, mus-
obesity eating disorders, hunger, weight loss obese, overweight, excessive [08] » SpIne, paraty cle twitch
[05] fat, overeating Demographics
?(c)ig]lctlon drugs, porn, alcohol, symptoms gggfni- epr:t]:sl:;g,s i:g::;ﬁi’ female pcos, hair loss, vagina, cyst, endometrio- hot flash, irregular period,
& Urge, ’ [16] sis, pelvic, ovaries, spasm, weight/swelling, swollen, painful cyst, vaginis-
sleep [07] hallucinations, pain, traumas, nightmares, ap- ptsd, flashback, apnea, snore, menopause mus
nea, narcolepsis, insomnia, sleepwalking, lack wake up every hour i spitting up, clogged duct, nip-
Body parts (18] reflux, ppd, breast, teeth ple damage, screaming, men-
skin [14] acne, redness, wrinkles, hyperpigmentation, pimple, whitehead, flaky, tally drained
scalp, aging, dryness, only, spots, bleeding, dark spot, ingrown hair, .. , urinary issue, cystitis, strug-
burns, inflammation, rash, itching, eczema, al- mango allergy elderly [-] arthritis, prostate, hernia gling to walk
lergies, bites, herpes, food allergies, soreness, . )
bumps, psoriasis, vitamin, body hair, irritation, pregnancy birth complications, contractions, pms, ;’ﬁgularai;?;trz:;;zns, :111:2‘1{1
scab (18, 19] shake/ache g P P:
cervix
ear [10] tinnitus, dementia, vertigo, vibrations, conges- ringing in my ear, dizzy,
tion, noise blowing nose constantly developmental birth defects, down syndrome, genetic, edema, al?sent nasal bone:, unable .to
[20] reeclampsia, cystic fibrosis digest food, respiratory dis-
eye [09] vision distortion, blurry vision, gallstone, high eye pressure, spatially aware, P psia, ¢y’ tress
pressure, eye alignment, blindness, glaucoma, nearsighted Systems
sweating, light sensitivity, strain, hypertension, y
aneurysm, migraine nervous migrain, stroke, nerve pain, hemicrania, neck vessel occlusion, allodynia,
heart [11] palpitations, irregular, tachycardia irregular heartbeat, poor con- [08] pain, persisting hallucinations cephalgia, photosensitive
centration sniffle, lingering cough,
spine [08] multiple sclerosis, neurogenerative, hernia tingling, lesion, difficult to respiratory cough, ear infection, sinus, sneezing, head, runny nose, tight airways,
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Geo-referencing Reddit posts at US state level
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H ealth |nd iceS Hypothesis: the more sytmptoms of a disease 7are

mentioned in a state, the more /is prevalent

1. Fraction
%users in state mentioning symptoms of

2. Centrality
%users in state mentioning symptoms of ¢
re-weighted by symptom’s centrality on graph

3. Baseline
% users in state mentioning known symptoms from fixed

dictionary




Health indices

1. Fraction

2. Centrality

3. Baseline

NLP + Network science:

Health score

Hg,
mental
mental
Hyg,
breathing
infections

infections

elderly
breathing
Hyg,
STDs
STDs
STDs
STDs

all
l
Hg_

most central

Official Statistic
Mental Health
Mentally Unhealthy Days
Mental Illness

Substance Abuse
Cigarette Use

Cocaine Use

Heroin Use

Metabolic syndrome
High Cholesterol Prev.
High Blood Pressure
Mortality Cardiovascular
Mortality CHD

Mortality Heart Disease
Overweight

Diabetes Prev.

Specific Diseases
Arthritis

Asthma

STDs

HIV prevalence

AIDS prevalence

Prim. and Sec. Syphilis
Early Latent Syphilis

All Conditions

Poor Self-rated Health
Most Central Conditions
Poor Self-rated Health

=31
-.23%

-31*
-.25
-.30*

-0
-.26
-.19
-.16
=21
-.01
-.25

- 45%*
-.33%

-23
-22
-2
-.28%
- 34

- 38

- 45%*
-.30%*

-.29*
-.29%*
- 43%*

W
- 45k
-39
- 4T
-39
33+

_45***

- AT
- 42k

- 43
- 41
- 47
- 39
-33%

-.39%**

Fraction Centrality Baseline

-.06
-.01

-.12

-01
-.03
-.02

02

-.06
-.13

14
A1
23
.10
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Conditions in COVID-19 tweets in USA

——Physical health —— Mental health
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Summary

NLP tool to discover medical conditions

Social media health taxonomy

Validity against official data Health surveillance system properties
Near real-time

Work at the scale of nations

Cheap

Unintrusive

Adaptive to new types of health crises

Capture the whole bio-psycho-social sphere of health
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Thank you!

@lajello &7 www lajello.com &

Epidemic dreams: dreaming about health during the COVID-19 pandemic— Royal Society Open
Science 2022

The Healthy States of America: Creating a health taxonomy with social media = ICWSM 2021
Extracting medical entities from social media — ACM CHIL 2020

How Epidemic Psychology Works on Twitter - Nature Humanities & Social Sciences
Communications, 2021

Tesco Grocery 1.0, a large-scale dataset of grocery purchases in London — Nature Scientific Data
2020

Large-scale and high-resolution analysis of food purchases and health outcomes — EPJ Data
Science 2019
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