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Cohorts to study disease development prospectively

▪ Adult Cohorts: 
KORA, SAPALDIA, 
NAKO

▪ Biobanks

▪ Long-term 
follow-up

▪ Ethical and data 
security standards 
need to protect 
individual rights 
over decades 

KORA: 

18,000 participants 

30 y Follow-up

NAKO: 

200,000 participants 

Planned 30 y Follow-up



The Ongoing Cohort Study KORA –
Cooperative Research in the Region of Augsburg
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Maternal smoking in pregnancy: respiratory effects

Zacharasiewicz 2016

▪ higher risk of prematurity / low birth weight

▪ decreased forced expiratory flows and passive respiratory compliance

→ deficits in pulmonary function persist,

impacting lifelong lung function trajectories

▪ genetic susceptibility, e.g. increase in fetus sensitivity to maternal smoke 

by polymorphisms in GSTP1

▪ transgenerational effects of prenatal tobacco smoke exposure

→ indicating epigenetic modifications being transferred

as observed in animal models and humans



Early Life Exposures and Impared Lung Function (FEV1) 
Decline in Adults: The SAPALDIA Study

▪ Adult Cohorts: 
SAPALDIA and 
European Community 
Respiratory Health 
Survey (ECRHS)

▪ 12,000+ Men and 
Women 

▪ Age 28-73 years

▪ Follow-up 9 to 11 
years



Environmental Exposures and Ageing

• We are observing increases in life-
expectancy when environmental 
exposures decrease.

• Is this due to an impact on the 
overall disease burden?

• Is there an impact of environmental 
exposures on the intrinsic processes 
of ageing?

Healthy Ageing



➢ Rationale:

unavoidable exposure of lungs to environmental hazards

→ aging of the lungs and decline in lung function

? 

▪ Telomere shortening in smokers

▪ Shortened telomeres in leukocytes of patients with COPD

▪ Accelerated aging due to environmental exposure and/or chronic inflammation

Respiratory Ageing and Biological Ageing

Lung function

Biological age

(telomere length)

Environmental exposure
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➢ Meta analysis KORA and ENGAGE Consortium

FEV1 FVC

Respiratory Ageing and Biological Ageing

Albrecht et al 2014



Methylation Signatures as Markers of Biological Ageing 

• Epigenetic Age 
Acceleration (AgeAccel)

• Intrinsic Epigenetic Age 
Acceleration (IEAA)

• Extrinsic Epigenetic Age 
Acceleration (EEAA)



Extrinsic Biological Ageing and Mortality

Chen et al. Ageing 2016



Gemome-wide Methylation and Obesity: 
A Multi-center Study

• Enrichment for genes 
involved in metabolic 
pathways (e.g., lipid 
metabolism, inflammation)

• Enrichment in regulatory 
regions

• 187 genetic loci with 
significant changes in 
methylation observed

ABCG1

CPT1A

SREBF1

Wahl et al. 2017, Nature



NFATC2IP

ABCG1KLHL18

Mendelian Randomization

Wahl et al. 2017, Nature

Are the changes causal?



Limitations of exiting cohort studies

▪ Studies were 
initiated in the 80ies 
and the 90ies

▪ Innovation in 
biosamples only 
during follow-up

▪ Meta-analyses rely 
on heterogeneous 
data

KORA: 

18,000 participants 

30 y Follow-up

NAKO: 

200,000 participants 

Planned 30 y Follow-up
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German National Cohort

• Recruitment of 200,000 men and 
women aged 20 to 69 years

• 18 study centers and 28 
participating organizations

• Standard examination protocol 
(Level 1)

• In-depth examination protocol for 
40,000 participants (Level 2)

• Magnet resonance imaging for 
30,000  participants in 5 study 
centers
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General Objectives

1. Identification of etiological pathways from life-style 
and environmental risk factors to major chronic 
diseases and functional impairments

2. Causes of geographic and socio-economic disparities in 
health status and disease risks

3. Development of risk prediction, models for identifying 
individuals at increased risk for major chronic diseases, 
in a framework of personalized prevention strategies in 
Germany

4. Evaluation of markers for early detection of disease 
and pre-disease phenotypes, in order to develop 
effective tools for disease prevention.
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A Short History 
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Recruited level 1

Recruited level 2

Recruited MRI

Projected level 1

Projected level 2

Projected MRI

20192018201720162015201

4

Current and Projected Recruitment 
Baseline Examination
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Procedures at the Study Centers

• Welcome and reception

• Study information and informed consent

• Face to face interview including  medication

• Examinations and measurements

• Collection of biomaterials

• Touch screen based self-report questionnaires

• Homework distribution 
(7-day actigraphy/ 24h Somnowatch, Physical 
activity diary, food frequency questionnaire)

• Summary and fare-well
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Examination Modules 
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Interview Modules
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Touch Screen Modules
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Quality Assurance Measures

• Development of Standard Operating Procedures 
(SOP) for all modules by “module responsible” 
scientists

• Training and certification of study personnel

• Training of “trainers” 

• Transfer of all data to the data integration center

• Routine protocols for assessing completeness

• Quality assurance by GNC scientists for 100,000 
participants = “Data freeze”
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MRI Baseline Examination

▪ Target: MRI in 30.000 subjects - general
population

✓ Status: 16735 subjects
✓ Recruitment to be completed by Apr-2019

▪ Target: Whole-Body MRI Protocol 60‘
✓ Brain, heart, hip, spine, fat distribution and more
✓ Status: Standardized Whole-Body MRI Protocol at 

5 MRI sites, median exam time ~ 62‘

✓ Identical 3T Siemens Skyra for all MR sites
✓ Incidental findings strategy
✓ Thorough quality assurance
✓ Centralized MRI data management
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Data Management Centers

• Independent Trust Center
▪ Curates all IDs and stores informed consents
▪ Tests for duplicates GNC-wide

• Modular Control and Documentation System
▪ Supports recruitment at the study centers
▪ Response Monitoring

• Data Integration Center
▪ Store and integrate all research data
▪ Program and operate the data acquisition tools

• Data Transfer Unit
▪ Support the data applications
▪ Prepare data

• Laboratory Information Management System
▪ Store all information on biosamples as part of the 

central biorepository

Data Integration 
Centre
Stefan Ostrzinski
Universitätsmedizin 
Greifswald
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• Standardized collection of blood, urine, nasal swaps, saliva, feces
• 27,1 Mio biosamples in baseline and re-examination; 20,7 Mio centrally 

stored 
• Interim Biorepository: Semi-automated -80°C and -180°C storage

▪ More than 14 Mio aliquots generated; 
> 9 Mio stored at the central site

• Final Biorepository:
▪ Completion of the building in 2017

▪ Prototype of a fully automated -180°C storage system is being developed

Central Biorepository

Interims facility

-180°C-80°C

Final Biorepository

Head of the Biorepository
Dr. Andreas Hörlein
Helmholtz Zentrum München
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Encountered Difficulties and 
Mastered Challenges

• Difficulties
▪ Changes legal requirements for data protection and data security

▪ Low response rates required larger efforts in recruitment

▪ Difficulties in personnel recruitment and delays in training 

• Successes

▪ Solved the data privacy issues which could be paradigmatic for all 

projects of this kind in Europe

▪ Boosted the recruitment to reach the 200k with confidence in 2019 

▪ Iterated the study protocol and refocused the program

▪ Created a totally new unprecedented infrastructure for large scale 

epidemiological research



Contribution of Cohort Studies to Personalized and Public 
Health

Seite 28│

• Unique resources with respect to data and 
biosamples

• Well characterized adults including 
prospective follow-up 

• Comprehensive assessments are needed

• Allow to assess the pathophysiological 
variability in responses to risk factors 

• Allow to assess the impact of social and 
environmental factors on health
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Thank you very much!


