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Abstract

The LifeLines Cohort Study is a large population-based cohort study and biobank that

was established as a resource for research on complex interactions between environ-

mental, phenotypic and genomic factors in the development of chronic diseases and

healthy ageing. Between 2006 and 2013, inhabitants of the northern part of The

Netherlands and their families were invited to participate, thereby contributing to a

three-generation design. Participants visited one of the LifeLines research sites for a

physical examination, including lung function, ECG and cognition tests, and completed

extensive questionnaires. Baseline data were collected for 167 729 participants, aged

from 6 months to 93 years. Follow-up visits are scheduled every 5 years, and in between

participants receive follow-up questionnaires. Linkage is being established with medical

registries and environmental data. LifeLines contains information on biochemistry, med-

ical history, psychosocial characteristics, lifestyle and more. Genomic data are available

including genome-wide genetic data of 15 638 participants. Fasting blood and 24-h urine

samples are processed on the day of collection and stored at -80 �C in a fully automated

storage facility. The aim of LifeLines is to be a resource for the national and international

scientific community. Requests for data and biomaterials can be submitted to the

LifeLines Research Office [LLscience@umcg.nl].
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Why was the cohort set up?

The LifeLines Cohort Study, a large observational popula-

tion-based cohort study in the north of The Netherlands,

was established in 2006 as a resource for international re-

searchers.1 The overall aim of the LifeLines Cohort Study

is to gain insight into the aetiology of healthy ageing.

Further understanding of why, for instance, some people

with overweight develop diabetes, some develop cardiovas-

cular disorders and others remain free of disease will en-

able us to move forward to more personalized prevention

and personalized medicine, ultimately resulting in adding

additional years of healthy life.

Healthy ageing is a broad concept and does not only

mean being free of age-related chronic diseases, but also in-

cludes physical and cognitive capability and social and psy-

chological well-being.2 Since these aspects of healthy

ageing do not stand on their own, but are all connected

and result from complex interactions during the life course

between a wide range of environmental exposures, pheno-

typic characteristics and genomic factors, the study of

healthy ageing challenges existing study designs.3–5 The

LifeLines Cohort Study, encompassing a prospective design

with long-term follow-up, a large number of participants

and an extensive biomaterial and data collection including

multiple exposure variables and endpoints, is designed to

address the important questions on healthy ageing. In com-

bination with a three-generation design, the LifeLines

Cohort Study allows for research on the disentanglement

of genetic, lifestyle and environmental contributions to the

development of chronic diseases, the study of between-gen-

eration similarities and the identification of preclinical

stages of ageing at an early age.1

The LifeLines Cohort Study is a national endeavour in

coordination with the University Medical Center in

Groningen, The Netherlands. The population in the north

of The Netherlands is highly suitable for this type of study

because of its homogeneous composition and low

migration rates relative to other parts of The Netherlands.

By the end of 2006 the first participants were included,

and in December 2013 the recruitment period was

closed after reaching the target number of 165 000 partici-

pants. At that time, the total number of participants

included was 167 729, who will be followed for at least

30 years.

The current paper outlines the study design, the study

population and an overview of the data and biomaterial

collected.

Who is in the cohort?

Inclusion

Since all inhabitants in The Netherlands are registered

with a general practitioner (GP), eligible participants were

invited to participate in the LifeLines Cohort Study

through their GP. A large number of GPs within the north-

ern three provinces of The Netherlands (Friesland,

Groningen and Drenthe) were involved and invited all their

patients between the ages of 25 and 50 years, unless the

participating GP considered the patient not eligible based

on the following criteria:

• severe psychiatric or physical illness;

• limited life expectancy (<5 years);

• insufficient knowledge of the Dutch language to com-

plete a Dutch questionnaire.

Subsequently, individuals who were interested to par-

ticipate received detailed information by mail about the

LifeLines Cohort Study, and an informed consent form.

After the signed informed consent was received by the

LifeLines organization, the participants received a baseline

questionnaire and an invitation to a comprehensive health

assessment at the LifeLines research site. During the visit,

participants were asked to indicate whether their family

members, such as partners, parents, parents-in-law and

Key Messages

• LifeLines is one of the major biobanks which make up the Dutch national biobank infrastructure (Biobanking and

BioMolecular resources Research Infrastructure, BBMRI-NL). It makes its data and biomaterials available for

researchers worldwide.

• The LifeLines data collection, the highly automated LifeLines laboratory and storage facility at �80 �C (over 8 million

aliquots) are based on high standards with ISO9001 certification.

• Data are released to researchers within a remote system (LifeLines workspace) running on a high-performance

computer cluster to ensure data quality and security.

• Up to now, 215 requests for data, biomaterials and for additional data or biomaterial collection among the LifeLines

participants have been granted. Currently about 60 researchers worldwide are working with LifeLines data and

biomaterials.
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children would also be willing to participate in the study.

If so, permission was asked to send them an invitation to

participate. Children could only participate if one of their

parents was a participant. In addition, inhabitants of the

northern provinces could also register themselves via the

LifeLines website.

Participant and non-responder characteristics

Overall, the majority of the invited GPs agreed to partici-

pate (n¼ 562/812; 73%). From those GPs who agreed to

participate, 333 307 persons were approached (Figure 1).

The main reason for GPs not participating in the LifeLines

Cohort Study was the anticipated additional workload,

due to the questions of patients (with regard to feedback

on their health that they could receive from LifeLines). All

participants had the option to receive feedback on the re-

sults of physical examinations performed during the visits

to the LifeLines research site, including anthropometric

outcomes, blood pressure, ECG, pulmonary function, chol-

esterol levels and other biochemistry. The GP of the par-

ticipant was always informed about the results of the

clinical tests.

In total, 49% (81 652/167 729) of the included partici-

pants were invited through their GP, 38% (64 489/

167 729) were recruited via participating family members

and 13% (21 588/167 729) self-registered via the LifeLines

website. Almost 25% of the invited persons agreed to par-

ticipate and were included in the study (Figure 1). The co-

hort includes children from 6 months of age and elderly up

to 93 years of age and somewhat more women than men

(Table 1).

Over two-thirds of the participants had at least one

family member participating in LifeLines (67%, n¼ 112

596). The partner of 34% n¼ 56 944) of the participants

was included and a child of 27% (n¼ 45 169) of the par-

ticipants was included. In total, 51% of the participants

(n¼ 84 888) were part of a two-generation relationship

that was embedded in the study, and 12% (n¼20 362) of

a three-generation relationship.

Ethical considerations

All participants signed an informed consent form

before they received an invitation for the physical examin-

ation. The LifeLines Cohort Study is conducted

according to the principles of the Declaration of Helsinki

and in accordance with research code UMCG. The

LifeLines study is approved by the medical ethical commit-

tee of the University Medical Center Groningen, The

Netherlands.

How often have they been followed up?

Every 1.5 year a follow-up questionnaire is administered to

all participants, and they are invited for a renewed physical

examination at the LifeLines research site on average every

5 years. After completion of the inclusion in December

2013, the cohort have been invited for a comprehensive

follow-up physical examination and biobanking from

January 2014 onwards. Linkage is being established

between the LifeLines database and records of general

practitioners, records on drugs dispensed by pharmacies,

and other health and national registries, using a third-party

pseudonymization system. The LifeLines protocol is open

to amendments by any researcher. Within the standing

infrastructure, additional questionnaires, measurements

and biomaterial collections can be implemented by

Self-registration 

Participant 

n=21588 

Invited via GP 
n=333307 

Participant 

n=81652 
24.5% 

Nonparticipant 

n=251658 

Invited via family 
n=91885 

Participant 

n=64489 
70,2% 

Nonparticipant 

n=27396 

Figure 1. Flow chart of inclusion route and response to invitation to participate.
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submitting a research proposal to LifeLines. Depending on

the research question of the applicant, the complete

LifeLines population or a selection of the population will

be approached for additional data and/or biomaterial

collection.

What has been measured?

Physical examination

Participants aged 8 years and older were invited to one

of the 12 local research sites in the north of The

Netherlands for physical examination. The baseline assess-

ment consisted of two visits. During the first visit (duration

60 min) physical examinations were performed by a

trained research nurse (Table 2) and containers for

collection of a 24-h urine sample were handed out accom-

panied by oral and written instruction on how to col-

lect this sample. Approximately 2 weeks after the first

visit, a second visit (duration 10 min) was arranged to col-

lect a fasting blood sample and hand in the collected 24-h

urine.

Questionnaires

The baseline questionnaire consisted of two parts containing

questions on, among other topics, demographics, health sta-

tus, lifestyle and psychosocial aspects (Table 3). The first

part was sent to the participant after LifeLines received the

informed consent form. The second part was handed out

during the first visit. For participants of 65 years and older,

the questionnaire was slightly adjusted to the circumstances

of elderly people. Children were included in LifeLines from

the age of 6 months. All parents of participating children

received a questionnaire containing questions on pregnancy,

childbirth and health of the child in the first 6 months.

Additional questionnaires were administered with questions

on lifestyle, behaviour and environmental exposure, specific-

ally suited to the age of the child.

Biomaterial collection and biobanking

During the second visit, blood was drawn and the collected

24-h urine was taken in for direct measurements and for

long-term biobanking (Table 4). The collected blood sam-

ples included: three 10-ml tubes and one 4-ml tube, which

were anticoagulated with EDTA; one 3.5-ml tube which

was anticoagulated with heparin; one 6-ml tube which was

anticoagulated with citrate; one 2-ml tube which was anti-

coagulated with sodium fluoride; and two tubes for separ-

ation of serum, of which one 10-ml tube was prepared

with gel separation and one 6-ml tube was prepared with

clot activator. From the 24-h urine collection, three 10-ml

vials were drawn for analyses and biobanking. After timed

and protocolled coagulation of the tubes intended for sep-

aration of serum, the blood and urine samples were placed

at 4�C and transported from the LifeLines research site to

the LifeLines laboratory in Groningen, under tightly con-

trolled and continuously monitored conditions. From the

LifeLines laboratory, part of the samples were directly

transferred to the central laboratory of the University

Medical Center Groningen, to perform routine clinical

chemistry assays on fresh samples. The other part of the

samples remained at the LifeLines laboratory, where urine,

serum and plasma samples were prepared and DNA

was isolated. These serum, plasma, DNA and urine

samples were stored in two-dimensional barcoded aliquots

at �80 �C, to allow for future measurements.

Genomics

Genome-wide genotype data based on the Illumina

CytoSNP-12v2 array are currently available for 15 638

samples, and all independent and Caucasian-ancestry

Table 1. Demographic characteristics of the population of the LifeLines Cohort Study

Total GP Family Self-registration

Characteristics (167729) (81652) (64489) (21588)

Age (years, mean SD) 41.5 16.1 41.2 7.4 39.5 22.6 48.7 14.9

Age categories

0–<18 years 14801 8.8% – – 14801 23.0% – –

18–<65 years 140222 83.6% 81652 100% 39954 62.0% 18616 86.2%

65–93 years 12706 7.6% – – 9734 15.0% 2972 13.8%

Sex

Female 97055 57.9% 47271 57.9% 35978 55.8% 13806 64.0%

Male 70674 42.1% 34381 42.1% 28511 44.2% 7782 36.0%
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Table 2. Content of the baseline visit at the LifeLines research site. Details of the content can be found in the LifeLines data cata-

logues at [www.lifelines.net]

Measurement Measurement description and tool Age

Anthropometry Height without shoes: SECA222 stadiometer From 8 yrs

Weight without shoes and heavy clothing: SECA 761 scale

Waist and hip circumference: SECA 200 measuring tape

Blood pressure 10 measurements during 10 min with Dynamap, PRO 100V2 From 8 yrs

Pulmonary function 1 measurements with Welch Allyn version 1.6.0.489 From 8 yrs

Electrocardiogram 1 measurement with Welch Allyn DT100, 12 leads From 13 yrs

Skin autofluorescence 1 measurement at the lower arm with Advanced Glycation End products (AGE)-reader6 From 18 yrs

Neuropsychiatric health MINI (MINI International Neuropsychiatric Interview)7 From 18 yrs

Dutch version 5.0.0, interview by research nurse

Cognition MMSE (minimal mental state examination), interview by research nurse8 From 65 yrs

Ruff Figural Fluency Test (RFFT)9 From 18 yrs

Biomaterial collection

Blood (fasting) From 8 yrs

Urine Spot morning sample From 18 yrs

24-h urine collection From 18 yrs

Timed overnight urine collection 8–18 yrs

Table 3. Overview of the content of the baseline questionnaires for adults (18 years and older). Details of the content can be

found in the LifeLines data catalogues at [www.LifeLines.net]

Topic Dimensions (examples)

GENERAL INFORMATION

Demographics Marital status, household composition, nationality

Family composition Date of birth, date of death father and mother, children

Work Employment, function, income, absences

Education Highest level of education

HEALTH

Health status History and prevalence of diseases, disabilities and symptoms, ECRHS II10

Medication use Current prescription, doses

Healthcare use Contact with healthcare professionals, receiving informal care

Questions for females Number of pregnancies, age at menopause and age at menarche

Birth and development Birthweight, birth defects, breastfeeding

Body weight Highest and lowest body weight in past 5 years, unwanted weight loss

LIFESTYLE AND ENVIRONMENT

Physical activity SQUASH11

Nutrition Food frequency questionnaire (FFQ)12, alcohol use

Smoking Current and past active and passive smoking behaviour

Daytime Sleeping, activities, volunteer work

Physical environment Type of floor covering at home, domestic animals

PSYCHOSOCIAL PARAMETERS

Quality of life, well-being The Short Form (36) Health Survey (SF-36),13 Positive and Negative Affect Schedule (PANAS)14

Health perception, somatization Symptom Checklist (SCL-90)15

Personality Neuroticism-Extroversion-Openness Personality Inventory,16, Anxiety Sensitivity Index17

Stress List of Threatening Experiences (LTE),18 Longterm Difficulties Inventory (LDI)18

Social support, independence Social production function (SPF-IL),19 Groningen Frailty Index (GFI),20 INTERMED21
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samples (n¼ 13 436) have also been imputed using the

Genome of The Netherlands (GoNL) release 522 and the

1000 Genomes phase1 v323 reference panels. Quality

controls of the data are based on SNP filtering on minor

allele frequency (MAF) above 0.001, Hardy-Weinberg

equilibrium (HWE) P-value >1e-4, call rate of 0.95 using

Plink,24 and principal component analysis (PCA) to check

for population outliers—resulting in 268 407 SNPs and 13

436 samples kept for genome-wide association analysis.

Before imputation, the genotypes were pre-phased using

SHAPEIT225 and aligned to the reference panels using

Genotype Harmonizer [www.molgenis.org/systemsge-

netics] in order to resolve strand issues. The samples were

imputed using Minimac26 version 2012.10.3, yielding 19

562 004 and 28 681 763 SNPs, respectively, for GoNL

and 1000 Genomes. The GoNL panel showed more accur-

ate genotypes when imputing European samples compared

with the 1000 Genomes Phase1 v3 reference panel.27 The

MOLGENIS compute28 imputation pipeline was used to

generate and monitor our job scripts on the distributed file

system. In the near future, additional genomics sets will be

added such as additional GWAS, methylation chips,

metabolomics and RNAseq.

What has it found? Key findings and
publications

Up to 1 September 2014, a total of 215 requests for data

and biomaterials and for additional data or biomaterials

collection among the LifeLines participants have been

approved by the LifeLines scientific board. Requests were

submitted by researchers from a wide variety of disciplines,

including internal medicine, genetics, public health, envir-

onmental epidemiology, nutrition, sociology, demography

and economics.

In 2010 the first data became available from partici-

pants with whole genome genetic data. From 2012 on-

wards a number of data releases have followed, with

expanding subject numbers and data items. The first com-

plete data release was provided in 2013, including 94 516

participants and more than 180 000 person-years of

follow-up. All the baseline data will be available by the

end of 2014.

Besides requests for data or biomaterials, 16 proposals

for add-on studies have been granted and implemented by

LifeLines, leading to additional data collection in sub-

groups of LifeLines. Examples are ‘LifeLines deep’, ques-

tionnaires among informal caregivers and studies to

validate different instruments for cognitive functioning. In

‘LifeLines deep’, additional biomaterials were collected

such as exhaled air and faeces, and extensive gut-related

phenotypes are recorded in a subgroup of 1500 partici-

pants of the LifeLines population (Tichelaar et al., submit-

ted for publication). The questionnaires on experiences

with informal care were sent to approximately 1000 infor-

mal caregivers in the LifeLines population. LifeLines is

also part of the Genome of The Netherlands Consortium

and thereby has contributed to detailed characterization of

the genetic variation of the Dutch population and improve-

ment of the imputation quality [www.nlgenome.nl].22

Up to September 2014, 18 papers have been published

with LifeLines as the main data source, and LifeLines has

participated in 28 GWAS papers. A complete list of publi-

cations with LifeLines data or biomaterials can be found at

[www.LifeLines.net].

Although LifeLines is a relatively young cohort, the

papers published so far already show the unique

Table 4. Overview of available haematological and biochem-

ical measures

Group Measure

BLOOD

Haematology Haemoglobin

Haematocrit

Leukocytes and differentiation

Thrombocytes

Red cell dimensions

Diabetes Glucose

HbA1c

Lipids Total cholesterol

HDL-cholesterol

LDL-cholesterol

Triglycerides

Apolipoprotein A1

Apolipoprotein B100

Electrolytes Sodium

Potassium

Calcium

Phosphorus

Renal function Creatinine

Urea

Uric acid

Liver and inflammation Aspartate aminotransferase

Alanine aminotransferase

Alkaline phosphatase

Gamma glutamyl transferase

Albumin

High sensitivity C-reactive protein

Thyroid function Thyroid stimulating hormone

Free T4

Free T3

URINE

Spot morning sample Albumin

Creatinine

24-h collection sample Albumin

Creatinine
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opportunities for science. The large study population, the

wide variety of exposure and disease outcomes and avail-

ability of genetic data enabled researchers to study multi-

morbidity and gene-environment interactions. For

example, in pulmonary disease, LifeLines showed inter-

actions between genetic predisposition and occupational

exposures in the development of both large and small air-

ways obstruction.29,30 Also, LifeLines contributed to fur-

ther insight in the interactions between genetic variants

and environmental exposures or between different environ-

mental factors on, among others, lung function level,31 dia-

betes32 and the metabolic syndrome.33

What are the main strengths and
weaknesses?

The LifeLines Cohort Study is designed for research on com-

plex interactions in the development of chronic disease and

is well suited for novel research questions and innovative

multidisciplinary studies. The three-generation design of the

LifeLines Cohort Study goes a step further than that of trad-

itional cohort studies, where individual participants and

first-degree relatives are included. Inclusion of three or more

generations in one study opens up unique possibilities for the

separation of non-genetic and genetic familial transmission

as well as the assessment of (epi)genetic influences and im-

printing.1 Furthermore, the design is important for the inves-

tigation of social characteristics like socioeconomic mobility

and partner preferences. The open protocol and adjustable

content of follow-up measures ensure flexibility in data col-

lection in order to adapt to new social, environmental and

scientific developments. Apart from traditional question-

naires we expect to implement new technologies for bio-

banking research like apps, wearable devices, and linkage to

other sources like consumer registries.

The response to the invitation to participate was com-

parable to that in other large-scale population cohort

studies.34–36 A study on the representativeness of LifeLines

for the source population and the population of

The Netherlands is currently in progress and will be

submitted by the end of 2014. Preliminary results indicate

that the LifeLines population is representative of the gen-

eral population of the north of The Netherlands when the

difference in age-distribution has been taken into ac-

count, owing to the invitation strategy of three

generations.

The large biomaterial collection challenges the existing

methodology and capacity for sample handling and stor-

age. Conditional transport of blood and urine samples to

the highly automated LifeLines laboratory guarantees com-

plete traceability. Samples are analysed and stored on the

day of collection. The storage facility of the LifeLines

Cohort Study is a completely automated sample storage

with a capacity of 8þ million aliquots at �80�C, which

will do fully automated overnight sample retrieval

The LifeLines Cohort Study has invested in a dedicated

high-quality IT system for data collection, storage and data

release, including a participant invitation program, optical

reading of paper questionnaires, online questionnaires and

linkage with laboratory results and external data. After the

data have gone through a data verification procedure,

the research data are pseudonymized and separated from

the personal data. The LifeLines research data are stored in

a sophisticated three-layer database architecture in another

physical location for maximal privacy protection, with

layers for: (i) staging data from different sources, such as

questionnaires, experiments and registries; (ii) harmonizing

all data into one model; and (iii) producing datasets with

study-specific pseudonyms per research project. Each layer

adds pseudonymization of identifiers to prevent unwanted

identification and cross-study integration. All ‘big’genetic

data are available on a High Perfomance Computing

environment. Researchers can request data via the

MOLGENIS37 catalogue which is available as open source

from [www.molgenis.org] for use by other biobanks.

The LifeLines IT solutions have been developed in interna-

tional collaboration with the Target project, Center for

Information Technology for high-performance computing

and BBMRI-NL, CTMM TraIT, BioSHARE and

BioMedBridges, for data management and integration.

To the entire process of data and biomaterial collection,

storage and release, LifeLines applies high-quality standards.

Privacy, security and traceability are ensured in all aspects,

to comply with current and future requirements from both

the scientific and the public community. As one of the visible

results, LifeLines received the ISO9001 quality certificate.

Since LifeLines data and biomaterial can be retrieved by

researchers globally and LifeLines employees are not

involved in the design or analyses of individual studies,

consistency of study results and proper reference of the

LifeLines design remain a challenge. The LifeLines Cohort

Study establishes and facilitates sharing of data constructs

and derivates for consistency of study results. In addition,

all publications are reviewed by the LifeLines Research

Office for proper description of LifeLines and consistency

with previous publications.

As a centre of expertise in biobanking, the LifeLines

Cohort Study takes part in a number of strategic alliances,

national and international biobank networks and research

collaborations. Through these networks the LifeLines

Cohort Study established itself as one of the world leaders in

the science of biobanking and pooling of data from multiple

biobank studies, as well as the advancement of public-private

partnerships. The LifeLines Cohort Study forms part of the
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Dutch national infrastructure on biobanks (BBMRI-NL) to-

gether with the Parelsnoer Institute (hospital biobanks) and

several others. Internationally, LifeLines participates in sev-

eral GWAS consortia, as well as with international initiatives

like BioSHaRE, BBMRI-ERIC, BBMRI-LPC and Maelstrom

Research (part of P3G).

Can I get hold of the data? Where can
I find out more?

The LifeLines Cohort Study is a resource for the interna-

tional scientific community for research on healthy ageing.

The online LifeLines data catalogue at [www.lifelines.net]

provides detailed information on all collected variables.

It allows researchers worldwide to browse through the

data and select the data that they need for answering their

research question. Researchers from public institutes can

apply for the data and biomaterial through a proposal

that is submitted to the LifeLines Research Office

[LLscience@umcg.nl]. All proposals are reviewed on scien-

tific quality and methodology by the LifeLines scientific

board, which includes scientists from different academic

institutes in The Netherlands. Data and biomaterials are

provided on a fee-for-service basis and may be used for sci-

entific research only. Data can be accessed via a remote

desktop (LifeLines workspace) running on a high-perform-

ance computer cluster, which ensures data quality and se-

curity. Datasets of individual researchers are archived for

at least 10 years and may be accessed by reviewers and

evaluation committees. The LifeLines website provides the

details of the application process, the data collection and

an overview of publications with LifeLines data.
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