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Complexity of temporal health data 
– we all move towards becoming     
ICU patients 
 
 

General practitioner Intensive care Outpatients   Inpatients 



Personal identification number 
enables temporal analysis 
 From Wikipedia, the free encyclopedia 

The Danish Personal Identification number is a national identification number, which 
is part of the personal information stored in the Civil Registration System. 
 
Was established in 1968.   
 
It is a ten-digit number with the format DDMMYY-SSSS, where DDMMYY is the date 
of birth and SSSS is a sequence number. The first digit of the sequence number 
encodes the century of birth (so that centenarians are distinguished from infants), 
and the last digit of the sequence number is odd for males and even for females. 
 
Any person registered as of 2 April 1968 or later in a Danish civil register, receives a 
personal identification number.  
 
The civil register list only persons who: 
• Are born in Denmark of a mother already registered in the civil register, or 
• Have their birth or baptism registered in a ’Dansk Elektronisk Kirkebog (DNK)’ (Danish electronic church-book), or 
• Reside legally in Denmark for 3 months or more (non-Nordic citizens must also have a residence permit) 
 
Danish citizens, including newborn babies, who are entitled to Danish citizenship, but are living abroad, do not receive a 
personal ID number, unless they move to Denmark. 

 



What is a precise phenotype? 



Wordfrequencies in Danish patient 
records 

Mental disorders 

Testis cancer 

Male infertility 



Wordfrequencies in Danish patient 
records from 2 x ~6,000 T1D and 
T2D patients (Steno Diabetes Center) 





Controlled vocabulary: ICD-10 
ICD10 – International Classification of Disease 



F20 

F200 

Negation 

Family 

Mine ICD10 dictionary terms from the 
medical record 



Compare patients by ICD10 terms mined 
and assigned in terminology space 

Patient 1 

Patient 2 

Patient 3 

Roque et al. PLoS Comp. Biol. 2011,  
Jensen et al., Nature Rev. Genet. 2012 
 





Mined and assigned ICD10 codes 

32626 3825 4947 

Assigned Codes 

Mined Codes 



Patient similarity metrics 

• Patient  phenotype similarities:  
• Patient similarity measures beyond “words” (using  knowledge 

from ontologies to quantify the similarity of clinical features, 
biochemical data etc. ) 

• Semantic harmonization and phenotype harmonization, 
benchmarking and semantic interoperability e.g. across language 
barriers for meta-analysis 

NNF Center for Protein Research 

NNF Center for Protein 
Research 



Clustering in medical terminology  
patient space 

Roque et al.  
PLoS Comp. Biol. 2011 
Jensen et al.,   
Nature Rev. Genetics 2012 



Alcohol and depressive disorders, anxiety 
disorders, and other personality disorders 



Roque et al. PLoS Comp. Biol. 2011,  
Jensen et al., Nature Rev. Genet. 2012 
 



Significant comorbidities among 
complex and Mendelian disorders 
(110M patients, registry data)  

Blair et al., Cell 2013 



Similarities of complex diseases 
computed from comorbidity 
profiles to Mendelian disorders 



Which disease-disease and 
symptom correlations are 
treatment related? 



Spontaneous reports  

• Heavily trusted 
• Underreporting and biases 
• Data quality issues 



Summaries of  
Product Characteristics (SPCs) 

Every medicine pack 
includes a patient 
information leaflet (PIL).  
PILs are based on the 
Summaries of Product 
Characteristics (SPCs) 
which describe a medicinal 
product’s properties and the 
conditions attached to its 
use. 
 
Controlled ADR/ADE vocabulary from SPCs 



ADR dictionary characteristics 

Descriptions extracted from 7,446 drug SPCs. 
Including drugs approved by both European 
Medicines Agency and Danish Medicines Agency. 
 
21,342 uniquely spelled ADRs was used to 
construct the dictionary. 
 
Current version can match about 8,000 different 
ADRs. 
 
Final dictionary can match > 4 ●1012 ways to 
describe ADRs before applying fuzzy matching. 



Adverse effect concept linkage 

            
 
 
 
 
 
 
 
 

 
e.g.  
elevated creatinine, 
creatinine elevation 
elevation in plasma-Cr  
are recorded identically 



Text mining of drug names, 
ADE/ADRs, diagnoses, … 



Text mining Adverse Drug Reactions  
(using 7,500 drug names and 21,000 ADRs) 

Eriksson et al. Drug Safety 2014 



Frequency of Adverse Drug Reactions 
from text mining 

ADR frequency reported by manufacturer
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Comparison between the 150 most 
statistically significant extracted ADR 
frequencies and the stated frequencies in the 
SPC by the manufacturer. Dots are showing 
the individual extracted frequencies.  
 
Out of the 150 are 6 left out, according to 
the SPC these are having a frequency < 
1/1000 and the corpus is not large enough to 
detect these with a satisfying frequency. 
 
Recall of 75,1% and a precision of 95,0%. 
(manual curation of 200 records)  

Eriksson et al. Drug Safety 2014 



ADR-dose dependencies  
Dosages from structured medication data 

ADRs and doses are normalized  on multiples of the minimum dose prescribed of each drug. 
 

Plot for 21 days steady dosage data is visualized, sample average slope 0.1105 (95% CI, 0.03085-0.1901), non-zero slope 
p-value was 0,0074, all individual drug slopes are positive except for haloperidol. 

 

Sedation is the 
most occurring 

ADR in the 
corpus  

Drugs selected are 
10 antipsycotics 

(a class known to 
cause sedation) 

Eriksson et al. Drug Safety 2014 



Possible ADRs? 

Drug substance ADE p-value 
Dipyridamole Visual impairment 4.375e-04 
Simvastatin Personality changes 8.408e-08 
Citalopram Psychosis 8.807e-04 
Bendroflumethiazide Apoplexy 8.46e-03 
Chlordiazepoxide Nystagmus 4.03e-08 

p-values are multiple testing corrected 

X1                                        Y1                                       p1 
X2                                        Y2                                       p2 
....  



Drug-ADR similarities  
(ADRs text mined by temporal analysis of EHRs) 

13 years of drug use at 
Mental centre Sct. Hans  ATC 
code coloring. Edges show 
Drug ADR profile similarity, 
darker edge indicates 
stronger similarity. Network 
contains 500 strongest edges 
(Jaccard index).  “N03 
Antiepileptics” are scattered, 
not showing any clustering. 
This is expected as 
antiepileptics is a very diverse 
drug classein terms of ADRs. 
Laxatives and antibacterials 
for systemic use group since 
both cause diarrhea and 
stomach ache and other 
gastrointestinal problems 
 



Comorbidity trajectories in individual 
patients 

1998 2014 

Yellow dot: Debut  of a given ICD10 code, green debut of other diseases 
Danish Discharge Registry, 6.2 million patients 

Typical development 
E.g. type 2 diabetes > problems with foot > amputation 
 



Danish Patient Registry 

Following up in registry data 
 
15 years of ICD10 hospitalization  
history for 6.2 million Danes 
• 68 million records (in/out of ward) 
• 45 million admissions (in/out of hospital) 
• 119 million diagnosis-record-associations 
• 18 million surgical procedures 
• 131 million treatments & examinations 
 
Non-hypothesis driven  
comorbidity analysis of registry data 
 
 
  



National Patient Registry (6.2M Danes)    
ICD10 diagnoses as a function of age 
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Disease trajectories and trajectory-
cluster for prostate cancer 

AB Jensen et al.,  
Nature Comm., 2014 



Diabetes trajectory network 



COPD trajectory cluster  
with five preceding diagnoses leading 
to COPD and some of the possible outcomes 



Cardiovascular trajectory 
network 

AB Jensen et al.,  
Nature Comm., 2014 



Disease trajectory: towards an 
ontology 

Reduced 6.2 million trajectories to  
 
           1,171 trajectories of 4 steps 

 
Cover 140 diagnoses and >0.5 million unique 
patients 
 
Clustering identified 5 major disease comorbidity 
clusters which incorporate ~600 of the trajectories 

 

→ 





De-identification 

 In the Nordic countries and in some other 
countries we can minimize the effort on 
rediscovering what we already know 

http://www.na-mic.org/Wiki/index.php/File:Defacing_figure.jpg
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