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Comorbidities

[
E3)

Drugs

=

Persons | Case primary (00000101) | Death Register data
+ Basic data Treatment cards Counciles

[A.1] BASIC DATA
A1 Early treatment primary

condition
Al21l Residence 377840000  Select...
Ala  Marital status 3 single
£1.6  Occupation 2 unemployed
£13  Profession Select...  (Uncalectad)
A1.10  Alcohol no ,T‘ ALl
21,13 Date for registration dd.mm.yyyy
a1.17  Remainad in prison? yes
A1.22 Contact

clarification
A1.z4  Treatment cases 1 #.125 Laboratories

1

Search of cases

Surgery

a1z

Harju maakond, Tallinn

A.1,14

a.1.18
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Medications

Time of residence in Estonia

4122 Street

17 Lifestyle

no [+

MDR
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Contact [1 family

o200
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Qure Browser Web based data entry

Load study  _
definition XML files

=l

Drugs adverse events

Treatment cards search

Lab notifications

5 and more El

A1.23 House no Alz4 Flat
A3 Education 1 primary education or less E

1 permanent residence [+ | ALe  Health yes [+

insurance

4,191 profession

clarification
A1z Smoking yes [«|
A.1.15 MDR at [« A.1.16 Detected
the end
E' a.120 Basis
of
4,123 Remarks
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Estonian Health Registries on
Qure Data Management Platform

. Cancer registry

. Tuberculosis registry

. Medical birth registry

. Abortion registry

. Causes of death registry
. Drug treatment database

. HIV registry

. Estonian Genome Project (biobank)

National census 2011
67% online
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Estronian ID-code, e-ID, mobile ID
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Public sector Private sector

Estonian IT Architecture >500M queries in 2015

-

Population Health Vehicle
Register Insurance Register
Register

Adapter server Adapter server Adapter server Adapter server Adapter server Adapter server Adapter server

Adapter server . Adapter server

eHealth, eTickets, eTax-Board, ePolice, H 5 s
MISP > : C Administrative
M-Parking, eSchool, eFile, ... R ? w : o
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Estonian eHealth architecture

w
w
=z
=
[m)]
s g ap & PRESCRIPTION
E g g2 E - CENTRE HEALTH INSURANCE
o =3 o> 6§ E O = ) - ; FUND REGISTER
> ) o 95 w %) o= w5 2010 january
[CRNIR= L & g < oc ® o ) g
= € [a =) LORO =2 L t\ v > o e
w g o < £ 0 o oc = o}
[ ) (S o.-% = n 3 8 £S z 2
< w o T cc € < N < <z - 2
ST Ex%8 S = 5 = =S 8¢
T C = =
s S228 & % 2 s 3 <9 29
i E A g S £ TR G 2 &
[ X-Road, ID-card, State IS Service Register
~— ANONYMIZED
X-ROAD GATEWAY X-ROAD GATEWAY HEALTH DATA
SERVICE FOR EMERGENCY B
NATION- WIDE
ol 2009 SERVICES 2014 NATION 2013
INSURANCE
;gg;ENT PORTAL DOCTOR PORTAL BOARD | | INFORMATION
2013 PRl | SYSTEM
2013 v2 o 2008 december
PHARMACIES AND EEAREESEE':A%(BILE STATISTICS
PORTAL 2013
FAMILY DOCTORS WORKSTATIONS -




HL7v3 XML example 1

T = mEALILUULLL EEﬂ.J.hJ.LJ. _——

<title>L&éplik kliiniline diagnoos</title>

<l-- tekstilise kirjelduse algus-->

<text>

<paragraph>
<content>1 I10 Arteriaalne hiipertoonia (Hiipertooniatébi e essentsiaalne e primaarne arteriaalne hiipertension)

4 M15.8 Poliiartroos (Muud poliartroosid)
4 K21.0 Osofagiidiga reflukshaigus (&sofagiit gastro-Bsofageaalse tagasivooluhaigusega)
4 IB7.2 Krooniline veenipuudulikkus ((Perifeerne; krooniline) weenipuudulikkus)

</content> .
</paragraph> DGN=Tegemist on
</text> . .
ﬁ'-fxtekstilise kirjelduse lﬁpp -z dlagn005|ga

#MCSchema-instance”>

<!-- eristap o on klr]ega on tegemist (tehniline)-->
<code codes -iESyatem="1.3.E.l.d.1.28254.6.2.2.5.1" codeSystemName="0Observation liik" displayName="Diagnoos”

<l-- staatube—idplik--> Diagnoosi kood

<statusCode code="completed" />
<1-- dlagan:::'-m kood ja diagnoosi pi (RHK-10 klassifikaator
<value codep"Il10" em= 1l.3.6.1.4.1.28284.6.2.1.13.1" codeSystemName="RHEK-10" displayMame="Hiipertooniatébi e

essentsiaalne e primaarne 1aalne hﬁpertensiun" xsirtype="CD">

<l-- arsti sdpng
<originalTex
<!-- diagnoosl statistiline
<gualifier>

2 1

"kordusjuht elus

<l-- diagnoosi statistiline liik l&pp--> DlagnOOSI Sta‘tls““ne Illk
</value>
<!-- diagnoosi liik (p&h{
<interpretationCode cadel
displayNMame="P&hihaigus" />
</observation> H
</entry> Tegemist on
<entry typeCode="COMP" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> pﬁhidiagnoosiga
<pbservation classCode="0BS" moodCode="EVN">

grna LIERLS

koodi ametliku nimetusega)

="-" codeSystem="1.3.6.1.4.1.28284.6.2.1.1.1" codeSystemName="Diagnoosi statistiline liik"
displayName

|

m="1.3.6.1.4.1.28284.6.2.1.2.1" codeSystemName="Diagnoosi liik"

<l-- eristab mis liiki Observation kirjega on tegemist (tehniline)--> —
<code code="DGN" codeSystem="1.3.6.1.4.1.28284.6.2.2.5.1" codeSystemName="0Observation liik" displayName="Dia

<l-- staatus: loplik-->

<statusCode code="completed” />

Elo_ AdamsmmAamsd RHEF_IN kFAasad 93 AdasnAaasd admatraes DER_TNA S8s~9 =

Tarkvara TAK

Arsti sonaline diagnoos (ei pruugi kattuda RHK-10



XML -> DB

Operatioon s
Operatsiooni koodid , : $ 5
Kuuplev NCSP Alternatiiykood Anesteesis lik Lisavabendid ¥ 1 BIGINT (20) ‘ 2 epd d BIGINT(20)
11.02.2007 2235 - Totaalne endotrahheaaine | 29501 - Jetaniae) | % g smaehendical
endoproteesimine anesteesa puusaligese seniuniPatld TEXT 2 code TEXT
polveligesel endoprotees Jtest TEXT > "
1129 - Pdiveligese 26141 - - J W N PERR— ,
esmane proteesimine refeluukaely ? codeSyfemiame TEXT
totaalse proteesiga osteosuntees: 2 codeCrsplayfiame TEXT
CSS-komplekt (3 | St 10X
o) selfoctveTume TEXT
Pllveligese esmane proteesimine totaalse proteesign kasutades tsement o S Aoy JRIGN IR0

Spnaal+epiduranlanesteesias hage sellasndis parem pdlveliges avatud parapatefisarse ja 11,6 cm

MMI 18ikega. Pinnad saetud NexGen LPS E mudell Jargi ja tsementeentud sasrekomponent NoS ja 1
reiekomponent E/R paigale, Lisaks saareplatoo 10 green, Haav loputatud, hemostaas. Dreen erald |
avast aspiratsiooniks, Haav kihitl suletud, nahale madratsdmblused, Aseptiine side. Elastne side. :
11.02.2007 DID20 - 041011 - endotrahheaalne |
Ninavaheseina Septoplastika anesteesa
plastiine korrektsioon | (Haigekassa
ZXD10 - Plaankne hinnakirjakoodid)
protseduur ¥ id BIGINT (20) ¥ i DIGINT(20) * 10 BIGINT (20)
2 aplld DIGINT (20) 7 opd @ DIGINT (20) ) opdl d DIGINT (20)
Plaaniine ninaseina plastiline korrektsioon, ) syntunigPasd 1EXT ) gytnkPatld TEXT ) syntniPatid TEXT
11.02.2007 DHBSO - 021008 - J wrgerdd DIGINT(20) 7 surgeryld BIGINT (20) 7 wrgertd BLGINT (20)
Konhoplastika Submukoosne 5 . >code 1 ) oulfierCod
2ZXA00 - Parem pool | konhotoomia OSganENTYI BIGHTI) g ol TREY
ZXCH0 - Kuumuse (Haigekassa 2 gl yCode TEXT 2 codelvsclayName TEXT s Qe CodeDispl aytiome TEXT
kasutamine hinnakirjakoodid) » gl yCodelraplayN ame TEXT ® 5 _surgery_echry id BIGINT(20) 2 quslfarCodeSystem Mame TEXT
ooy R |+ oo vanin

<l== OPERATSIOONID ALGUS-->
<component typeCode="COMP">
<section classCode="DOCSECT" moodCode="EVN">
<l-- mis tiilipi sektsioconiga on tegu "SUR" -->
<code code="SUR" codeSystem="1.3.6.1.4.1.28284.6.2.2.11.2"
codeSystemName="Sektsiconi kodeering" displayName="Operatsioonid"/>

<!-- sektsiconi pealkiri -->

<title>Operatsioconid</title>

<l-- tekstilise kirjelduse algus-->

<text>

<paragraph>
<content>

Kuupdev: 11.02.2007
Operatsioconi koodid: 2235 -
Totaalne endoproteesimine pdlveliigesel,
1129 - Polveliigese esmane proteesimine
totaalse proteesiga
Anesteesia liik : A0l - endotrahheaalne anesteesia
isavahendid:
2950L-puusaliigese endoprotees
26l4L-reieluukaela osteosiinteesi
css-komplekt (3 kruvi) Tarkvara TAK (STACC)
Operatsioconi kirjeldus
Polveliigese



Anonymisation from free text

Sisendtekst

Patsient Vanus 44 a. IK - vOeti statsionaarsele ravile.
Asjaolude tapsustamiseks helistada dr. tel: , kell 10.00-13.00.

4 N

.0,

Anonlumiseerija
N /

Anonilimiseeritud tekst

Patsient Vanus 44 a. IK — vOeti statsionaarsele ravile. Asjaolude
tapsustamiseks helistada dr. tel: , kell 10.00-13.00.




What is meant by each abbreviation
or acronym/abbreviation

... p silm ei nae ... parem Taicvorm SKoor
parietaalne 92%
i - parem 4%
... kolmas p palavik ... paev ) paer o
. . . . . Z pupill 0,3%
... vahene p pleurareaktsiooni riba parietaalne 47 ...
... p 6mm Umargune ... pupill

... Important to understand free text

Tarkvara TAK (STACC)



Free Text -> Information extraction

*Siinusrutm 59 166ki min 59
*Kiirenenud, Ekg-l siinus riitm , 160/min 160
evatsakeste tahhuarutmia fr - ga 150 |66ki min 150
*EKG --> siinusrutm, fr.110xmin 110

*Ps 66/min 66
*Fr=77"min 77
*Maksimaalne fr=196 , minimaalne fr=55 55:196

V/v-|RR 133/105/90, ariitmia 90



age vs. avg_pikkus (n=52597)
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age vs. avg_pikkus (n=52597), except newborn data
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=52597), except newborn data

avg_pikkus vs. avg_kaal (n

150 -

100 -

leey bae

50 -

I
200

I
150

avg_pikkus



plots_i10i11 73items

age vs. avg_bmi ... age vs. avg_diast...

age vs. avg_vere... age vs. has_i10i1...
I.-E | i ) I

avg_bmivs. avg_... avg_bmivs. avg_... avg_bmivs. has_... avg_diastolic vs. ... avg_diastolic vs. ... avg_diastolic vs. ... avg_dia-;bllc VS. ...

- | TR | N | D | | e | . |

Tarkvara TAK (STACC)



Data: 23 million analyses entries

C i (X htps://pl2.stacc.ee/common/epicrisis/?id=123429792#5

Biokeemia analiiiis Rerentsviiiirtus 23.05.2012 09:15:00
Materjal
f8-Gluc (gliikoos) 4,1-5.9 mmol/L 58
5-K (kaalium) 3,5-5,1 mmol/L 45
S-VitD(25-0OH) vitamiin D (25-OH) seerumis == 75 nmol/L. 52.90
S-ALAT (alaniini aminotransferaas) N: <31 U/L,M:<41 U/L 87
S-ASAT (aspartaadi aminotransferaas) N:<32 U/L, M:<38 U/L 48
S-LDH (laktaadi dehiidrogenaas) 240-480 U/L 483
fS-Urea (uurea) <=hH5a.<83 ; >65a <11.9 mmol/L 5.6
S_Ril (hiliruhiin <17 1 pmol/l 7
S-LDL-Chol (LDL kolesterool) <30 mmol/L 471
S=db(atbomiim I5=52¢pt 432
5-GGT (gamma-gliitamiiiili transferaas) N:<40 ; M:<60 U/L 59
S-Chol (kolesterool) <5 mmol/L 6.2
S-HDL-Chol (HDL kolesterool) >1,0 mmol/L 1.16
f5-Trigl (trigliitseriidid) <2 mmol/L 1.51
S.CRP (Creaktijvne valk) <S mgll <1
S-UA (kusihape) N:143-339 M:202-417 pmol/L 356
ST (Tt 365 ot 143
S-Prot (valk) 66-87g/L 66.0
fS-Transf-sR (transferriini lahustuvad retseptorid) N:1,9-4,4:M:2.2-5,0 mg/L 2.67

S-NT-proBNP (B-tiiiipi natriureetilise propeptiidi N-fragment <400pg/mL- kroonilise siidamepuudulikkuse vilistuspiir; >2000pg/mL- diagnost. otsustuspiir 96
Hemostasiogramm Rerentsviiirtus 23.05.2012 09:17:00

Materjal
P-DDi - D-dimeerid <0,5 pg/ml 0.28
Immuunmeetoditel uuringud Rerentsviiirtus 23.05.2012 09:20:00

Materjal seerum
TSH / Tiireotropiin 04-40mIU/L. 236
FT3 / Vaba trijoodtiironiin 2,8-6,5 pmol/l 59
FT4 / Vaba tiiroksiin 11,5-22,5 pmol/LL 12.4
ANA /Tuumavastane [gG seerumis < 1:100 NEG
Tsiiklilise tsitrulleeritud peptiidi vast IgG seerumis <7,0 U/ml 1.0
IgE ( Immuunoglobuliin E) < 100 kU

Uriini analiiiis Rerentsviilirtus  24.05.2012 07:00:00
Materjal
Uriini ribaanaliiiis tehtud

larkvara 1AK (S1ACL)



Sisesekretsiooni-, toitumis- ja ainevahetushaigused @
Silma- ja simamanuste haigused &

Karva- ja nibujatkehaigused @

Vereringeelundite haigused @

Hingamiselundite haigused @
Naha- ja nahaaluskoe haigused @

Lihasluukonna ja sidekoehaigused &

Kuse-suguelundite haigused @&
Vigastused, mirgistused ja teatavad muud valispohjuste toime tagajarjed o
Terviseseisundit mojustavad tegurid ja kontaktid terviseteenistusega @

Biokeemilised uuringud &
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Diagnoos

E10.7
E117
H36.0
HE0.5
HE60.8
HE1.2
H92.0
111.0

170.2
J1B.9
Loz2.4
La7
M47.8
M48.8
Ma6.4
M86.6
N40
590.8
Z42.4

M systolic
W diastolic

==}

S-Kusihap

fs-Ure l,_lureg?
S-Prot{Uldvalk)
5-Tri

S-Fe
S-Alb{Albumiiny
5-Cre(Kreatiniin)
S-HDL-Chol
5-LDL-Chol
S-CRP

HbAlc

15-Trig

S-Na

5C

5

S-ALA

S-CR

S-Kusinape
S-Aluseline fosfataas
S-Cho(Kolesteroaol)
B-Gluc
fs-Gluc(Glilkoos)
f5-Fosfaa
S-Aluseline fosfataa
5-i-C

S-F

HbAle (IFCC
S-GGT



uriini uuringud (mg/dL)
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General overview of diagnoses: Estonia 2012-2013
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STACC




NATURE COMMUNICATIONS

An open access papet www.nature.com

PMC full text: Nat Commun. 2014 Jun 24; 5: 4022.
Published online 2014 Jun 24. doi: 10.1038/ncomms5022

Copyright/License » Request permission to reuse
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Cost on national health insurance
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Eesti rahvastikupuiramiid: 2011 s
Vanus
100 Rahvaarv

1923 kuni 2011: arvestuslik rahvaarv
90 2012 kuni 2050: prognoositav rahvaarv

Eeldused:

80 summaame stindimuskordaja tduseb pidevalt ja jouab
2047. aastaks kahe lapseni naise kohta;

70 suremus vaheneb;

oodatav eluiga sinnimomendil pikeneb 2050. aastaks
naistel 80,44 ja meestel 78,36 aastani;

60 rinnet ei toimu voi sisserdnne tasakaalustab viljarande.

50 Vanuseriihmad

<20 20-64 65+  Kokku
277300 816300 227400 1321000
30 21 62 17 100 %

* Vanema vanuserihma inimeste arv 100 keskmises
vanuserihmas inimese kohta.

40

20

I Muuda vanuserihmi
| Naita meeste ja naiste arvu erinevust
Autoridigus: Statistikaamet koostoos Saksa statistikaametiga

tuhat 19

| Kaivita |

Tarkvara TAK (STACC)



Teatavad nakkus- ja parasiithaigused
- ) o . . ‘ ~ I
Kasl-\ifg?ae poniatoly e essentsiaalne e primaAgeerarteriaalne hipertensioon e korgvererohktoblo
a

panilised reumaatilised siidamehaigused $iidamekahjustusega hiipertooniatbi
Vere- ja vereloomeelundite haigused ning teatavad immuunmehhanismidega seotud haigusseisundid ) 9 ' g i O

Kérgverer6hkhaigused Neerukahjustusega hipertooniattbi=
Sisesekretsiooni-, toitumis- ja ainevahetushaigused g 9 O ! 9 s

Siidame- ja neerukahjustusega hiipertooniatobi
Psiilihika- ja kéitumishaired ! JuslusdeR 2uP *
Sekundaarne hlpertensioons

Stenokardia e rinnaangiin e rinnaahistuso

Age ml‘.'lokardiinfarkto

Korduv muokardiinfarkt @
Sltdame jsheemiatﬁvedg
Ag muokardiinfarkti méned l&hitiisistused-

haigus ja kopsuvereringe haigused @

Sldame ageda isheemiatéve muud vormid-
Muud sidamehaigused

Krooniline siidame isheemiatﬁbio

Hingamiselundite haigused

Seedeelundite haiﬂlﬁsed
. . opsutekkene '§
Diagnoosid

Naha- ja nahaaluskoe haigused

Lihasluukonna ja sidekoehaigused| |
JaPﬁe.'aajm.reregotmte haigused ¢ tserebrovaskulaarsed haigusedo

erioolide ja kapillaaride haigused O

P
Rasedus, stinnitus ja slnnitusjargne perjood . . .
\}gerlﬁge, ﬁﬁnaﬁgoorﬁe jja -se mujal klassifitseerimata halgusedo

Kuse-suguelundite haigused

Perinataal- e siinniperioodis tekkivad teatavad seisundi
P K?ereringeé’lunc?l@muud ja tdpsustamata haigusseisundide

Kaasasindinud vaararendid, deformatsioonid ja kromosoomianomaaliado
Muijal klassifitseerimata slimptomid, tunnused ja kliiniliste ning laboratoorsete leidude halbed
Vigastused, mirgistused ja teatavad muud vélispohjuste toime tagajarjed

Koodid spetsiifiliste eesmarkide jaoks
Haigestumise ja surma vélispdhj

Terviseseisundit m&justavad tegurid ja kontaktid terviseteenistusega

STACC i STACC




Method Sample size

Whole genome sequencing 2,400

Whole exome sequencing 2,500

Genome-wide genotyping arrays 20,000 —
Genome-wide methylation arrays 500 p—
Genome-wide expression arrays 1,100 e
MRNA sequencing (on-going) 800 h—
Total RNA sequencing 50 —
Metabolomics (NMR) 11 000 —
Metabolomics (MS/MS) 1,100 s
Telomere length 5,200 —
Clinical biochemistry 2,700
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@ Digestive system disease

@ Cardiovascular disease

() Metabolic disease

() Immune system disease

() Nervous system disease

. Liver enzyme measurement

O Lipid or lipoprotein measurement
O Inflammatory marker measurement
O Hematological measurement

() Body measurement

. Cardiovascular measurement

@ Other measurement

() Response to drug

(0) Biological process

(O Cancer

@ Other disease

() Other trai

Currently
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THE PREPRINT SERVER FOR BIOLOGY

New Results

Personalized Risk Prediction for Type 2 Diabetes: the Potential of Genetic Risk
Scores

Kristi Lall, Reedik Magi, Andrew Morris, Andres Metspalu, Krista Fischer
doi: http://dx.doi.org/10.1101/04173 1

This article is a preprint and has not been peer-reviewed [what does this mean?].



Genetic risk scores

—
R
P—
M=
P—

score = 31 x snpq + B, *x snp, + --- B, * snp,

where [, ... B, are known effects from metaanalysis and snp; is coded
as number of risk alleles.
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Distribution of T2D polygenic risk score

Frequency

Distribution of genetic risk score for Type |l Diabetes in EGCUT

1500

1000

500

Risk

high
non-high

| T |
4 5 b
Genetic risk score
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(Scaled) T2D prevalence

30%

25%

20%

15%

10%

5%

0%

T2D — new incidents based of GRS group and actual BMI
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BMI <25

12

Lowest dGRSgq quintile (<20%)
20..40%
40..60%

60..80%
Highest dGRSggo quintile (>80%)

24

33

BMI 25..30

45

153

BMI 30..35

38

58

BMI >35
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Populations differ based on the same GRS
SNPs

7502 SNPs 7502 SNPs 7502 SNPs

© AFR
© AMR
® EAS
® EUR
® SAS




Prevalence’ of Type 2 Diabetes across five super populations

10.0- 9.68

8.21
7.31

-
(4
|

6.18 5 85

Prevalence of T2D (%)
&
<

et
(4
|

0.0-
AFR AMR EAS EUR SAS

oo AFR AMR EAS EUR SAS

"Prevalence is estimated based on data from International Diabetes Federation,

2014,http : //www.idf.org /diabetesatlas

Tatjana lljashenko

T2D GRS distribution across populations December 13, 2015
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Comparison of GRS distribution between five super populations
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Self-monitoring




Decision Support
(rules + data analysis)

Clinical work,
decisions,

treatment

BIG DATA
(PERSONALISED)

Anonymisation

Software Technology and
Applications Competence Center



What tools & data in each process

DS Endine generates
Rules ———» d

S Patient

(executes rules)

|

report > Appli-

cation

Tools for data gathering, extracting, harmonizing, consolidating

X-Road

Patient

Portal

T T Consents

Genomic data Phenotype data

//

- Lab
RNA) Prescriptions results ENHIS

v v

epicrises

l / are available viaH
Cancer Other
DNA tissue -omics Registries q I-I|ealth reports
DNA  (e.gvirus eclarations Was the DS report

Hospital
1 ’ IS P

being used and how?

Report
\ tracking service

Tools for pseudonymization and data gathering

Clinician’s decision,
treatment of the

patient

Software Technology and
Applications Competence Center



Conclusions

« Electronic health data analysis is needed for research to
reach 4P personalised medicine

* Abroad range of data can be obtained nowadays — secure
linking to a person and safeguarding of data is needed

« Genetics —we need good databases of annotated genetic
variants and actionable validated predictive models

« Estoniais an excellent testbed for a Living Lab
but lacks a bit of resources
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