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 Introduction 

 For most complex human diseases, the recruitment of 
samples for gene fi nding studies has so far been retrospec-
tive in nature and limited to cases of a particularly pro-
nounced phenotype, or with a strong family history. This 
strategy of ‘extreme sampling’ refl ects the expectation 
that genetic variants involved in the etiology of severe or 
strongly heritable conditions represent so-called ‘major 
genes’. Major genes are rare, but their individual effects 
are likely to be strong. This is why extreme retrospective 
sampling is generally thought to maximize the chances 
for the initial detection of a disease-associated genetic 
variant  [1] . However, the clinical impact of a disease gene 
discovery is usually only made through the implementa-
tion of diagnostic and therapeutic algorithms in an un-
selected (i.e. ‘normal’) population. For such purposes, co-
variate-adjusted absolute and relative genotypic disease 
risks are the key parameters of interest  [2, 3] , and these 
fi gures can only be estimated from representative popula-
tion samples. 

 For the reasons noted above, representative samples 
of patients are not normally gathered in the context of 
genetic epidemiological studies but rather have to be es-
tablished anew. Furthermore, in order to be able to eval-
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  Abstract 
  Objective:  Patient samples used for mapping complex 
human disease genes are unlikely to be representative 
of the phenotype spectrum of the respective population 
as a whole. On the other hand, most ongoing prospec-
tive studies are probably too small for evaluating poly-
genic disease markers.  Design:  Precise estimates of pop-
ulation-specifi c genotypic risks can be obtained effi cient-
ly through the complete ascertainment of patients in a 
geographically confi ned area. The PopGen project uses 
the most northern part of Germany as a target region for 
such a pursuit.  Results:  PopGen currently pursues re-
cruitment, sampling and processing activities in close 
collaboration with a multitude of clinical partners, cover-
ing cardiovascular, neuropsychiatric and environmental 
diseases.  Conclusion:  PopGen has successfully estab-
lished itself as a large-scale genetic epidemio logical 
project of international recognition. 

 Copyright © 2006 S. Karger AG, Basel 

  

 Prof. Dr. Michael Krawczak
Institute of Medical Informatics and Statistics
Christian Albrechts University, Brunswiker Strasse 10
DE–24105 Kiel (Germany)
Tel. +49 431 597 3200, Fax +49 431 597 3193, E-Mail krawczak@medinfo.uni-kiel.de 

 © 2006 S. Karger AG, Basel
1422–2795/06/0091–0055$23.50/0 

 Accessible online at:
www.karger.com/cmg 

http://dx.doi.org/10.1159%2F000090694


 Krawczak/Nikolaus/von Eberstein/
Croucher/El Mokhtari/Schreiber 

 Community Genet 2006;9:55–61 56

uate the relative risk of a given genetic variant retrospec-
tively from case-control data, its background frequency 
in the same population must also be known. Therefore, 
large samples of unselected controls from the populations 
of interest need to be recruited in parallel. Finally, in or-
der to be able to examine the impact of genetic factors on 
both acute and chronic disease, it appears worthwhile to 
extend the common cross-sectional or retrospective as-
certainment of phenotypes to the prospective follow-up 
of at least a subset of cases, defi ned for example by an 
incidence cohort. 

 Unbiased sampling of patients is best achieved at the 
population level by defi ning a confi ned geographical 
catchment area in which all clinically overt cases with the 
disease in question are recruited. A typical example of the 
successful, albeit prospective, pursuit of such a complete 
ascertainment strategy is provided by the Framingham 
Study  [4] , a survey in which the whole population of a 
small town in New England (USA) was analyzed for the 
presence of frequent conditions such as cardiovascular 
disease and stroke. Similar projects are underway in Ice-
land, Estonia and, on a particularly large scale, through 
‘Biobank UK’  [5] . Population-representative samples re-
quire that no systematic or uncontrolled ‘escape’ of pa-
tients occurs from the recruitment area. In this respect, 
the area of Northern Schleswig-Holstein in Germany 

( fi g. 1 ) provides an almost paradigmatic test case since its 
tight geographical borders (Denmark, North Sea and Bal-
tic Sea) and low density of treatment facilities set strin-
gent limits for patients seeking treatment either inside or 
outside its confi nes. For these reasons, Northern Schles-
wig-Holstein has been chosen as the target region of  ‘Pop-
Gen’, a collaborative effort of the disease-driven networks 
of the German National Genome Research Network 
(NGFN; www.ngfn.de,) that seeks to defi ne phenotypes 
of interest and to recruit patients from a particular geo-
graphical area. Since its foundation in May 2003, Pop-
Gen has successfully established itself as a large-scale ge-
netic epidemiological project of international recogni-
tion. 

 Design 

 Most population-based health surveys currently un-
derway are of cohort design, i.e. they investigate the 
course of diseases prospectively  [5–8] . Even for frequent 
conditions such as coronary heart disease (CHD), how-
ever, prospective studies have to be comparatively large 
(and therefore expensive) in order to provide an adequate 
number of clinical events during follow-up. Furthermore, 
whilst it may be possible to assess the impact of frequent 
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  Fig. 1.  Map of Schleswig-Holstein (in grey), 
the most northern federal state of Germany. 
The PopGen target region (shaded) is lo-
cated north of the Kiel Canal, excluding 
however the North-Friesian islands. 
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risk factors (e.g. serum cholesterol) in this manner, inci-
dence rates may still be too low in most instances to be 
able to evaluate highly specifi c, polygenic disease mark-
ers. In contrast, since the accuracy of proband recall is 
less relevant for genetic than for classical epidemiological 
risk factors, precise estimates of population-specifi c geno-
typic risks can be obtained more effi ciently from case-
control studies that involve the complete cross-sectional 
ascertainment of patients in a geographically confi ned re-
gion. 

 The PopGen Catchment Area 
 Northern Schleswig-Holstein, an area that is home to 

approximately 1.1 million people, is enclosed by the Dan-
ish border (North), the North Sea and Elbe River (West), 
the Baltic Sea (East), and the Kiel Canal (South). The lat-
ter can only be crossed by a limited number of bridges 
and ferries. Denmark has no tertiary or other specialized 
referral centers near the border that would be attractive 
to foreigners. Therefore, the only easily accessible tertiary 
referral center in the region is the University Hospital 
Schleswig-Holstein Campus Kiel, located on its southern 
fringe ( fi g. 1 ). There is no historical, demographic or ge-
netic evidence suggesting that etiological factors relevant 
in the present context differ substantially between this 
and other regions of Germany. 

 The PopGen project (www.popgen.de) was initiated 
by clinical and non-clinical partners at the Christian Al-
brechts University Kiel in 2002 to provide disease-orien-
tated projects from the NGFN with a unique interdisci-
plinary platform for the identifi cation and cross-section-
al recruitment of all locally prevalent cases with the 
disease in question. Its establishment was originally fa-
cilitated through fi nancial support by the Optimization 
and Networking Fund of the NGFN. Confi nement of pa-
tient and control sampling activities to the PopGen target 
region ensures that 
 • all individuals classifi ed as being affected by a disease 

can be identifi ed using the resources of the German 
public health care system 

 • diagnostic accuracy and ascertainment effi ciency can 
be monitored in a standardized fashion 

 • patients can easily be enrolled in a follow-up scheme 
 • a DNA bank can be established and made available to 

partners from within and outside the NGFN 
 • processing of phenotype data is centralized and con-

sistent 
 • standard operating procedures and quality control 

measures can be implemented at all stages of the re-
cruitment process. 

 Patient and Proband Recruitment 
 From the outset, the choice of target diseases for Pop-

Gen has been based upon 
 • an active interest expressed by one of the NGFN net-

works  
 • the (likely) availability of a susceptibility genotype for 

the disease in question 
 • a prevalence that matches the PopGen design (i.e. high 

enough to allow reliable risk assessment, but below the 
limits of suitability for a cohort study)  

 • a phenotype that can be assessed from existing fi les 
without additional examinations. 
 Diseases covered by PopGen, or intended to be cov-

ered in the near future, include autism, essential tremor, 
seizure, Parkinson’s disease (PD), bipolar disorder, arte-
riosclerosis/CHD, dilated cardiomyopathy, atopic ecze-
ma/asthma, infl ammatory bowel disease, sarcoidosis, 
periodontitis, colonic adenocarcinoma, and juvenile 
pneumonia. Patients are being identifi ed in several dif-
ferent ways, including contact with regional hospitals, 
general practitioners, specialist inpatient clinics and 
health insurers. Patients are fi rst contacted by mail, sent 
through their health care provider or insurer, respective-
ly, on behalf of PopGen. Interested individuals are then 
asked to respond directly to the PopGen recruitment cen-
ter and to give permission for PopGen personnel to ob-
tain complete health care records, detailing the diagnostic 
and follow-up procedures. No information regarding the 
willingness, or other, of a contacted person to participate 
is provided to third parties. Diagnoses are verifi ed on the 
basis of the available documentation using preestablished 
criteria as defi ned by the clinical partners from the respec-
tive NGFN disease-orientated network. After phenotype 
assessment, a representative proportion of patients are 
asked to participate in a follow-up scheme. 

 Healthy control individuals are identifi ed through of-
fi cial population registries (‘Einwohnermeldeamt’) and 
contacted by mail. The control group is intended to ulti-
mately comprise 7,200 individuals, with 2,400 people in 
each of three age groups (18–30, 30–50, 50–80 years). The 
declarations of written informed consent that are used for 
both patients and controls fully comply with current ICH 
standards for the conduct of clinical research, with some 
Biobank-specifi c items added (available from the authors 
upon request). A minimum 24-hour grace period for with-
drawal from the study is granted to all participants prior 
to the pseudonymization or anonymization of their data, 
respectively. All recruitment and data management pro-
cedures have been approved by the Ethics Committee of 
the Medical Faculty of Kiel and by the data protection 
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offi cer of the University Hospital Schleswig-Holstein, pri-
or to commencement of the study. 

 All PopGen participants undergo venipuncture to ob-
tain 30 ml of EDTA blood (yielding 600–1,000  � g DNA). 
This amount of blood will allow a suffi ciently large num-
ber of genetic tests to be performed. Venipuncture is usu-
ally performed by local physicians, and blood is mailed 
directly to the PopGen recruitment offi ce. DNA is ex-
tracted using standard techniques, followed by storage at 
–20   °   C. The DNA bank is accessible to all NGFN mem-
bers for the purpose of exploring or verifying genotype-
phenotype relationships, provided that promising dis-
ease-associated genetic variants have been detected for 
the condition in question. Access to the DNA bank must 
be approved by the local ethics committee and is free of 
charge to NGFN members. 

 Management and Steering 
 All information and biological material is being col-

lected and maintained by a dedicated PopGen recruit-
ment team, based at the Christian Albrechts University 
Kiel, have been established for the sampling and pheno-
typing process, including patient identifi cation, recruit-
ment, sample and phenotype ascertainment, and sample 
processing. The practical implementation of these stan-
dard operating procedures (SOPs) is constantly being im-
proved. The PopGen group is now a self-contained struc-

ture, with a trained sociologist as managing director, 
drawing medical, bioinformatic, statistical, epidemiolog-
ical and fi eld-working expertise from its own staff mem-
bers. The involvement of an independent medical direc-
tor has served to guarantee that professional standards 
are adhered to in all disease- and patient-related mat-
ters. 

 Whilst the PopGen managing director is responsible 
for the day-to-day upkeep of the project, three local uni-
versity institutions (the Department of General Internal 
Medicine, the Institute of Clinical Molecular Biology and 
the Institute of Medical Informatics and Statistics) have 
assumed joint responsibility for its supervision. In view 
of its central importance to all patient-related research in 
the NGFN, the NGFN project committee decided to in-
augurate an external advisory board for PopGen in Janu-
ary 2004. This board involves the speakers of the disease-
orientated networks and of the central methodological 
platforms (genotyping and genetic epidemiology) within 
the NGFN, with bylaws regulating the mutual responsi-
bilities and interactions of the advisory board and the 
PopGen management. 

 Data Security 
 At the core of the PopGen data security concept lies 

the maintenance of two geographically separated data-
bases (‘Recruitment’ and ‘Laboratory’) that dissociate 
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  Fig. 2.  Schematic representation of the 
PopGen data security concept. Solid arrows 
mark the regular fl ow of data and biological 
specimen associated with a newly recruited 
control or patient. No personal data or phe-
notypes are being stored for controls. Dot-
ted arrows depict the information fl ow (in 
italics) associated with the scientifi c analy-
sis of PopGen data. Upon request, a re-
duced and analysis-specifi c set of informa-
tion is transferred from the recruitment da-
tabase to the trustee server, which relabels 
it using identifi er ID2 and forwards the in-
formation to the data analysis platform. At 
the same time, the trustee transfers the re-
spective ID2/labcode relationships to the 
laboratory data management system with a 
request to sent selected genotypes to the 
data analysis platform, labelled by ID2 as 
well. All pathways are implemented such 
that they can only be used in the indicated, 
unidirectional way. 
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personal and phenotype data from genotypes ( fi g. 2 ). The 
two data types are labelled by independent identifi ers 
(ID1 and labcode) which can only be connected via a 
dedicated, specifi cally protected trustee server. All data 
transfer from the recruitment offi ce to the laboratory 
management system proceeds through the trustee server. 
This computer exclusively holds the table encoding the 
ID1/labcode relationship. In addition, the trustee server 
automatically generates a second temporary identifi er, 
ID2, on request. This temporary identifi er may be used 
to re-label pertinent reduced sets of personal and pheno-
typic data before forwarding them to the data analysis 
platform. The respective ID2/labcode relationships are 
sent to the laboratory data management system at the 
same time, which labels the respective genotypes by ID2 
and forwards them to the analysis platform. Internal 
SOPs regulate the immediate destruction of these tempo-
rary genotype/phenotype fi les after use for the respective 
statistical analyses. Data traffi c is protected by the fi rewall 
of the University Clinic and an additional mini-fi rewall 
around the trustee server. 

 Early Results, Future Plans and Discussion 

 For a number of diseases, identifi cation and/or con-
tacting of patients to be included in PopGen has already 
been completed by the time of writing this article. Other 
recruitment activities are currently in the planning phase, 
involving both PopGen staff and representatives of the 
respective NGFN disease-orientated networks. 

 Cardiovascular Diseases 
 The Arteriosclerosis/CHD project is conducted on be-

half of the Cardiovascular Disease Network (‘CardioNet’) 
of the NGFN. All patients included are below 55 years of 
age and show signifi cant CHD, as validated by cardiac 
catheterization. To achieve maximum recruitment effi -
ciency, a close collaboration has been initiated between 
PopGen and the six centers performing coronary angiog-
raphy in the PopGen catchment area. All cardiac cathe-
terizations performed at these units between January 
1997 and June 2003 were scrutinized (25,000 in total) 
and 2,200 patients identifi ed as matching the PopGen 
inclusion criteria. These patients have been contacted, 
and 1,400 have agreed to participate in the study. Given 
a response rate of over 60% upon single contact, past ex-
perience from NGFN collections established under simi-
lar conditions suggests that the fi nal recruitment rate will 
exceed 80% once additional approaches by mail and tele-

phone have been made. From the treatment records, a 
detailed disease history is ascertained, including informa-
tion on myocardial infarctions, surgery, heart and kidney 
function, glucose and fat metabolism for example. A stan-
dardized questionnaire is sent out to the participating 
patients in order to obtain additional demographic, phe-
notypic and environmental information. Under the same 
recruitment scheme as used for CHD (i.e. age  ̂  55 years), 
some 400 patients with dilated cardiomyopathy, but 
without CHD, could be identifi ed. These patients have 
been contacted for inclusion in a separate project. 

 Neuropsychiatric Diseases 
 PopGen projects on PD and essential tremor are cur-

rently in the late planning phase. PD is a key phenotype 
in the Neuronal Disease Network (‘NeuroNet’) of the 
NGFN and has a prevalence of approximately 100–200 
per 100,000, with an age-related increase in all popula-
tions. As yet, however, genetic risk factors for PD have 
been identifi ed mostly in early-onset patients. From the 
PopGen target population, between 1,100 and 2,500 PD 
patients are expected to be identifi able, irrespective of 
age. From these candidates, PD patients will be selected 
and recruited in a two-tiered fashion. First, all neurolo-
gists and psychiatrists in the PopGen catchment area will 
be contacted (approximately 70, including four hospitals) 
and patients identifi ed by searching the registers of board-
certifi ed physicians. Second, a cross-sectional sample of 
40,000 people of at least 60 years of age will be taken from 
a defi ned subregion of the PopGen catchment area. This 
strategy will target PD patients who are only treated by 
general physicians and who would therefore escape a spe-
cialist-based recruitment scheme. A PopGen project on 
bipolar affective disorder (BPAD) is also in the planning 
phase. Since BPAD affects up to 5% of the general popu-
lation, an assumed response rate of 50% will result in the 
inclusion of some 3,000–5,000 individuals in the PopGen 
BPAD sample. 

 Environmental Diseases 
 A close collaboration has been established between 

PopGen and the Environmental Disease Network (‘En-
viroNet’) of the NGFN. Within the network, PopGen-
based patient sampling is in progress for four chronic dis-
eases: bronchial asthma, juvenile periodontitis, infl am-
matory bowel diseases (IBD; for further information, see 
www.mucosa.de), and sarcoidosis. The fi rst three dis eases 
covered by these projects are of primary importance to 
public health owing to their consistently high prevalence 
(5–10% for asthma, 1% for juvenile periodontitis and 
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