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Linking two temporal big data domains: 

The clinical and the omics worlds



Lifelong multimorbidity journeys

in disease space

Hu, Thomas & Brunak
Nature Rev. Genetics 2016,
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Disease risk

– journey

versus 

destination

Cancer

Diabetes

Obesity

Mental disorders

…



Diagnosis trajectories across 6.2 

million Danish individuals (ICD-10 era, 1994-2015)



National Patient Registry (6.2M Danes)    

ICD10 diagnoses as a function of age

Females Males
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Out
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AB Jensen et al., 

Nature Comm., 2014



6-7 million trajectories

?



6.2 million individual trajectories 

condensed into 1,171 “recurrent” 

ones

…

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





Nature Genetics, 48:510-518, 2016

Immunochip
genotype data: 
52,262 cases 

Ankylosing
spondylitis (8,726) 
Crohn's disease
(19,085)
Psoriasis (6,530) 
Primary sclerosing
cholangitis (3,408) 
Ulcerative colitis
(14,413) 

34,213 healthy
controls



Ankylosing spondylitis

Psoriasis

Crohn’s disease

Sclerosing cholangitis

Ulcerative colitis



Temporal disease associations

A and B           A before B



Shared or distinct genetic etiology?

Pleiotropy (sharing of risk alleles by disease A and disease B)

or Heterogeneity (a subgroup of disease A cases has a 
higher load of risk alleles for disease B)? 

Genetic and healthdata overlap analyses shows

that shared pathophysiological pathways are 
the basis for clinical co-occurrence 

that patients with concomitant syndromes are 
genetically distinct from patients without 
concomitant syndromes.

Immunochip-wide pleiotropy estimates

Ellinghaus et al. Nature Genetics, 48:510-518, 2016



Sepsis survival across pre-history
(120,000 patients, 56 significant trajectories)

Beck et al, 2016



From diabetes to sepsis
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Sleep Apnea and Diabetes

No significant diagnosis direction, but patients diagnosed with diabetes before sleep 
apnea have significantly more comorbidities than patients diagnosed with sleep apnea 

before diabetes.

Beck et al., to appear 2017

Network constructed from 
103 sleep apnea trajectories 
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(A) Distribution of years between NIDDM and sleep apnea for patients diagnosed with NIDDM first (orange) 
and for patients diagnosed with sleep apnea first (green). (B) The plot shows the excess number of 

comorbidities for patients diagnosed with NIDDM first compared to those diagnosed with sleep apnea first 
(black line) with the 95% confidence interval (grey area). The dots indicate the number of patients having the 

minimum years between the two diagnoses. 



Gender medicine: 
Gender specific disease trajectories

• Males and females 
have some 
differences in 
physiology which 
may predispose or 
protect against 
certain diseases 
and their 
comorbidities



Diagnoses

Drugs

Lab tests

Text



F20

F200

Negation

Family

Deep-phenotyping by text mining of  

ICD10 terms in patient records



Roche et al. PLoS Comp. Biol. 2011





Which disease-disease and 

symptom correlations are 

treatment related?



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



Data from two Danish regions



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.

Eriksson et al. Drug Safety 2014



∆ population health data

Health data driven:

• Redefine phenotypes as trajectories

• Enable prediction using predictable trajectories?

Include what is not in patient records in new ways:

• Diet, 

• Income, …

• Education, grades in exams, …

• Behavior, risk-taking, …
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