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The original cohort

In a previous cohort profile we described the Doetinchem

Cohort Study from round one starting in 1987–91 as a

monitoring study, and its development into a cohort study

with a second measurement in 1993–97 and a third in

1998–2002.1 The original sample was an age-sex-stratified

sample of the population register of inhabitants of

Doetinchem, with equal numbers of men and women and

equal numbers in 10-year age categories: 20–29, 30–39,

40–49 and 50–59. In the first round the focus was on car-

diovascular health, and this was broadened to other major

chronic conditions in the second round. The Doetinchem

Cohort Study is carried out by the Dutch National Institute

for Public Health and the Environment.

What is the reason for the new data
collection?

The study continued into a fourth round (2003–07) and a

fifth round (2008–12), and now a sixth round (2013–17) is

ongoing. From round four onwards we expanded the

measurement protocol even further with research themes

to serve current public health research questions on life-

style, chronic diseases and ageing. The Doetinchem Cohort

covers a large part of the life course from young adulthood

to old age because the initial general population sample

aged between 20 and 59 years has been followed for more

than 25 years, and is currently between 46 and 85 years.

What will be the new areas of research?

First, with extension of the period of data collection, the

cohort is increasingly used for research questions on changes

over the life course and in particular while ageing. This refers

to changes in lifestyle, biomarkers, health and disease and

the relations between them. Second, the traditional risk fac-

tors for chronic conditions can now be studied in relation to

new measures such as sleep, muscle strength, loneliness and

depressive symptoms. Third, the availability of biomaterial

in every round (including DNA) gives numerous research

possibilities (including epigenetic analyses). Fourth, having

such an infrastructure gives also the possibility to add side

studies. Some of our participants participated in a study on

24-h urine collection for salt consumption,2 a pilot study for

a new Food Frequency Questionnaire or a study on immuno-

senescence, which required extra blood collection.

Who is in the cohort?

Table 1 presents the numbers invited and measured in the

different rounds and Figure 1 presents a flow chart. In
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Table 1. Overview of measurement rounds of the Doetinchem Cohort Studya

Name Monitoring

Project on

Cardiovascular

Disease Risk

Factors (MP-

CVDRF)

Monitoring Project

on Chronic

Disease Risk

Factors

(MORGEN-

Project)

Doetinchem cohort

study, round 3

Doetinchem cohort

study, round 4

Doetinchem cohort

study, round 5

Doetinchem cohort

study, round 6

Years 1987–91 1993–97 1998–2002 2003–07 2008–12 2013–17

Age range 20–59 yrs 26–65 years 31–70 years 36–75 years 41–80 years 46–86 years

Numbers

participated

12404b 6117 4918 4520 4018 About 3450

Response 62% 79% 75% 78% 78% About 77%

Numbers

invited

20154 7768b 6581 5783 5136 About 4474

Who were

invited

Age- and sex-

stratified ran-

dom sample of

population

A random two-

thirds of those

measured in

round one

Those who were

invited in round

2 excluding

those who emi-

grated, actively

withdrew from

the study or died

Those who were

invited in round

3 excluding

those who emi-

grated, actively

withdrew from

the study or died

Those who were

invited in round

4 excluding

those who emi-

grated, actively

withdrew from

the study or died

Those who were

invited in round

5 excluding

those who emi-

grated, actively

withdrew from

the study or died

aIn the year 1992, no measurements were carried out: in this year preparation for the next measurement (protocol development) was carried out.
bOf those participating in round 1, a sample was drawn for round 2.

Figure 1. Flow chart of the Doetinchem Cohort Study.
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round 1 we examined 7768 participants, and in round 5

there were 4018 participants. The number of persistent

participants, those participating in all five rounds, is 3456;

those who dropped out after one or two rounds are consid-

ered to be the early dropouts (n¼ 2309). Those who

skipped one or more rounds are the returners (n¼ 562),

and the group of late dropouts consists of 1044 partici-

pants. Those groups differ somewhat in their socioeco-

nomic, lifestyle and health characteristics (Table 2).

For 3456 participants we have information from all five

measurement rounds, for 1019 from four rounds, 776

from three rounds, 1140 from two measurement rounds

and 1377 from only one, i.e. the baseline measurement.

During follow-up, 243 incident cases of cancer have

arisen, 355 incident cases of type 2 diabetes [based on self-

reports or elevated (non- fasting) glucose] and 614 cases of

cardiovascular disease (CVD) (425 coronary heart disease

and 146 cerebrovascular).

What has been measured?

From the start, standard themes and measurements related

to chronic diseases were included with special attention

to cardiovascular diseases, diabetes, musculoskeletal

disorders, respiratory diseases and cancer. These have all

been continued during later rounds, including the collec-

tion of blood. From round 4 onwards we expanded the

measurement protocol and we have added measurements

related to ageing, such as functioning and frailty, and to

emerging public health topics, such as shift work. Box 1

gives an overview of the measurements in rounds 5 and 6.

These new measurements are described below as well as

information on the biobank.

New measurements during the physical

examination

In rounds 5 and 6 we added a number of items that are rel-

evant for the study of healthy ageing and frailty. Muscle

strength was measured through hand grip strength (HGS)

of the preferred hand by means of a hydraulic hand-held

dynamometer (Jamar) in the sitting position. We also

included the timed chair stand test3,4 and the balance test

as additional indicators of physical functioning.

For osteoporosis we measured fracture history and also

heel bone mass using quantitative ultrasound (QUS) meas-

urements with a Hologic Sahara bone densitometer

(Hologic Inc., USA).

Table 2. Baseline characteristics of different participation groups

Persistent participants Early dropoutsa Late dropoutsb or returnersc

N¼3456 N¼2309 N¼1044/562

Sociodemographic characteristics

Age

20–29 years 18% 20% 19%

30–39 years 35% 29% 32%

40–49 years 30% 27% 28%

50–59 years 17% 24% 21%

Male 47% 45% 46%

Not married or living together 14% 28% 18%

Low educational level 56% 72% 68%

No paid job 32% 44% 40%

Lifestyle characteristics

Overweight (BMI �25.0 kg/m2) 37% 46% 43%

Obese (BMI �30.0 kg/m2) 5% 12% 9%

Smoking cigarettes 28% 44% 41%

Inactived 30% 35% 33%

Health characteristics

Self-perceived health (% less than good) 21% 28% 28%

Hypercholesterolaemia (% �6.5 mmol/l) 14% 19% 17%

Hypertensione 15% 24% 21%

Chronic diseasesf 2% 4% 3%

aDropout after one or two measurement rounds.
bDropout after round 3 or 4.
cThose who skipped one or more measurement rounds.
dLess active than Dutch recommended levels for adults, i.e. � 3.5 h per week (Picavet 2011).
eHypertension is mean systolic blood pressure � 140 and/or mean diastolic blood pressure � 90 or using blood pressure-lowering medication.
fSelf-reported diabetes mellitus, cancer, myocardial infarction or cerebral vascular accident (CVA).
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Physical activity is a key topic for prevention and ageing

research, and as well as the extensive questionnaire we

used for many years, we added in round 6 the Actigraph

GT3Xþ,5 for the more objective measurement of physical

activity. The Actigraph measures accelerations on three

axes (tri-axial) to assess the frequency, duration and inten-

sity of PA over time. Participants wear the Actigraph non-

stop for 7 days. A small diary was added with questions on

wake-up time, non-wearing time and reasons for it and

time spent on biking (and whether an ebike was used).

In human nutrition and biology, advanced glycation

end products, known as AGEs, are substances that can be

a factor in ageing and in the development or worsening of

many degenerative diseases, such as diabetes, atherosclero-

sis, chronic renal failure and Alzheimer’s disease.6 In order

to contribute to this research we added a non-invasive

measurement which measures AGEs in the skin of the arm

by means of fluorescence techniques [skin autofluorescence

(skin AF)] using the AGEs reader made by Diagnoptics

Technology, The Netherlands.

New themes in questionnaires

The main themes for which the questionnaires have been

extended are as follows.

Sedentary behavior. The measurement of physical activity

has traditionally been focused on time spent on specific

activities as walking, sports, gardening and biking.

Evidence is accumulating that sedentary behavior–the

other end of the physical activity continuum–has an effect

on health that is independent from physical activity.7 We

added questions on time spent sitting separately for trans-

portation, work, computer activities and watching

television.

Shift work. Long-term exposure to shift work may influ-

ence health, so we included a series of questions on lifetime

exposure to shift work, measuring major domains of shift

work that have been identified by the international consen-

sus report by Stevens et al.,8i.e. shift system, cumulative

exposure and shift intensity.

Health care, self-care, informal care. We measured use of

health care: contact with a variety of health care professio-

nals (including GP, medical specialists, dentist, physio-

therapist, home care worker, psychologist etc.), similar to

usual monitoring of health care use in The Netherlands. In

addition we included questions on receiving and providing

informal care, and types of and problems with self-care,

using the Patient Assessment of Self-management question-

naire (PAST).9

Depressive symptoms. These were measured with a Dutch

version of the Center for Epidemiologic Studies Depression

scale (CES-D).10,11 In addition we measured loneliness12

and social support [the Social Support List (SSL)-

Interaction 12].13

Social participation. One key theme in health policy among

elderly is to promote participation within all areas of soci-

ety. We used a series of questions assessing participation in

work, informal care, volunteer work, sports etc.

Box 1. Overview of themes measured in the Doetinchem Cohort Study

Lifestyle factors: smoking (current and history), physical activity by questionnaire and Actigraph,b sedentary time,b alcohol consumption,

sleep (hours and qualitya), chronotype.b

Biological factors: standing height, weight, blood pressure (arm and ankle), total and HDL-cholesterol, blood glucose, (and several blood sam-

ples stored for future analyses), lung function, body mass index, waist and hip circumference, for women: reproductive history and addi-

tional characteristics on menstruation, contraception use; heel bone mass,a accumulation of advanced glycation endproducts (AGEs) in the

skin,b urine sample (storage for future research questions).a

Functioning: quality of life [Short Form (SF)36], cognitive functioning, hearing and eyesight issues, hand grip test,a balance test,a chair test.a

Psycho-social aspects: depressive symptoms,a loneliness,a social support,a health literacy,b perception of living environmentb (in particular of

possibilities for recreational physical activity).

Chronic diseases: diabetes, cardiovascular disease (claudication, stroke, heart disease), migraine, musculoskeletal pain, cancer, asthma and

chronic obstructive pulmonary disease (COPD), (history of) fractures,a list of chronic conditions (including incontinence, falling,

osteoarthritis).a

Diverse: family history of diseases (heart diseases, fractures,a dementia,b menopauseb), oral healthb (teeth and gums), (historical) sound pollu-

tion,b contact with (small) children,b consumption of tap waterb

Health careb: use of health care services, self-management, giving and receiving informal care, acceptance of vaccination.

Background characteristics: age, sex, marital status, educational level, work status and household characteristics, (historical) shift work,b par-

ticipationb (engagement in social activities), birthweightb

Registry links: mortality, hospital discharge by diagnosis, cancer register and pharmacy register.

aIncluded from round 5 (2008–12) onwards.
bIncluded in round 6 (2013–17) additionally.
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Sleep characteristics and chronotype. For every round, we

asked for the average number of hours of sleep. In round 5

we included a number of questions on sleep quality: ‘Do

you lie awake for a long time before you fall asleep?’, ‘Do

you wake up during the night?’, ‘Do you experience diffi-

culty falling asleep after you woke up during the night?’,

‘Do you wake up very early in the morning after which

you cannot fall asleep again?’, ‘Do you feel not rested after

a ‘normal’ night?’ and ‘Do you have a need for a nap?’.

Answering options were: ‘often’, ‘always’, ‘seldom or

never,’ or ‘now and then’. In round 6 we included the 12

items on sleep as developed by the Medical Outcome Study

(MOS)14 and an indication of a person’s chronotype,

which refers to the propensity for the individual to sleep at

a particular time during a 24 h period. We used a self-

reported classification in: morning type (clear or probable),

evening type (clear or probable), no type or unknown.

Oral health. Oral health is affected by ageing and is also

associated with several chronic diseases. We used a number

of questions to assess the condition of teeth and gums, and

tooth brushing habits.

Health literacy. Health literacy is defined as the degree to

which people are able to access, understand, appraise and

communicate information to engage with the demands of

different health contexts to promote and maintain health

across the life course. We included the often-used screening

questionnaire as developed by Chew et al.15

Perception of living environment. This was measured for

physical activity (e.g. availability of specific sports facili-

ties), the perception of safety and nature areas, and the

exposure to noise pollution. Also we measured historical

exposure to noise at work.

Biobank samples and measures

A total of 25 ml of non-fasting venous blood is collected in

every round using three types of vacutainers: NaF, serum

and EDTA. Samples are centrifuged and aliquoted in 25

cryovial tubes, including plasma, serum, erythrocytes and

buffy coat. Standard storage is at -80˚ C. Blood samples

are available for all participants for all rounds, though

there are some differences per measurement round refer-

ring to storage conditions (in round 1 only -20˚ C, and

additional -196� C storage in round 2 only) or number of

tubes.

Total cholesterol and HDL cholesterol were measured

until 1998 in non-fasting EDTA-plasma, and from 1998

onwards in serum at the Lipid Reference Laboratory of

Erasmus Medical Center (former University Hospital

Dijkzigt) in Rotterdam, using standardized enzymatic

methods. Random plasma glucose was measured with the

hexokinase method.16

From round 5 onwards we took spot urine samples and

stored those at �80� C, after testing the sample for urinary

tract infection.

In 2012 we measured several biochemical markers using

all available samples of rounds 1 through 5 for each

participant. Such single-run measurement maximally

reduces inter-assay variation.17 Measures included

gamma-glutamyltransferase (GGT), uric acid, triglycerides

(GPO-PAP assay), alanine aminotransferase (ALT) (kinetic

UV assay), high sensitivity C-reactive protein (CRP), cysta-

tin C and creatinine.

In 2017 all participants with a least three rounds of

examination will be included in a genome-wide association

study (GWAS).

What has it found? Key findings and
publications

As the original focus was CVD, many studies were pub-

lished on cardiovascular diseases.18–22 With a view over a

substantial part of the life course of adults, the research

questions have been extended yo life course and ageing

topics. These research questions relate to changes in life-

style over the life course23 and whether these changes are

related to health outcomes.19,24 We focus also on the anal-

yses of the course of health characteristics over time 25–27

and the determinants of changes in health, e.g. cognitive

decline.28–32 We are also interested in the differences

between generations.33,34 Examples of research using our

extensive biobank focus on changes in metabolic risk fac-

tors over the life course35 and renal on function.36 We also

participate in genetic studies.37,38

Round 2 of the Doetinchem Cohort Study was part of

the international EPIC study,39,40 and of the spin-off proj-

ects on diabetes (EPIC- Interact)41 and cardiovascular dis-

ease (EPIC-CVD).42

Cooperation with other studies includes meta-analy-

ses.43 We also used data from the Doetinchem Cohort

Study with many other Dutch studies to give the best esti-

mates for disability in Dutch population.44,45 Together

with the Longitudinal Ageing Study Amsterdam,46 we ana-

lysed the prevalence of smoking for a broad range of gener-

ations.47 The Doetinchem Cohort Study is also used as a

‘normal comparison’ for clinical samples, for instance a

cohort of patients with rheumatic diseases.48

Some key measurements (blood pressure, blood lipids,

body weight, smoking) of the participants in round 5 are

presented by sex in Table 3.
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What are the main strengths and
weaknesses?

The main strengths of the Doetinchem Cohort Study are:

(i) long-term follow-up of randomly selected individuals of

a broad age range; (ii) extensive characterization of life-

style (including nutrition) and health and disease, including

lung function, biological material (extensive biobank,

including DNA in every round) and cognition in every

round; and (iii) the linkage to data from many registries,

e.g. cause of death, hospital registries, pharmacy records

and cancer registries.

The main weaknesses are: (i) the limited size of the

cohort for infrequent health problems; (ii) the lack of eth-

nic subgroups; and, due to financial limitations, (iii) we

were not able to sample new cohorts from the younger age

categories during follow-up.

The main challenges we face in carrying out the study

refer to attrition and financing of the study. Participating in

the physical examination and filling out questionnaires

become a bigger challenge, with the longer follow-up of the

study. Participants may not like to notice that they are doing

worse compared with 5 years earlier. This is in particular a

challenge for re-running the cognition measurements. We

particularly want to prevent participants from dropping out

of the study when they become frail.

We are in the privileged position of having been able to

carry out this study already for 30 years. However,

continuation of the study with a 7th measurement round, the

maintenance of the biobank with samples from all previous

rounds, and the more complex organization of carrying out

the study with increasingly expanding topics, as well as find-

ing funding for harvesting these rich data, remain a challenge.

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

We welcome collaboration with other researchers. Several

types of collaboration to exploit the data are possible.

Please contact: Professor WMM Verschuren, [monique.

verschuren@rivm.nl].

Table 3. Characteristics [mean (SD)] of participants of the Doetinchem Cohort Study, fifth round of examination (2008–12)

Men Women Total

N¼1901 N¼2116 N¼4017

Age, years [mean (SD)] 60.5 (9.5) 59.4 (9.7) 59.9 (9.6)

Blood pressure

Diastolic, mmHg [mean, (SD)] 82 (10) 79 (10) 80 (10)

Systolic in mmHg [mean, (SD)] 135 (17) 129 (18) 131 (18)

Hypertension (%)a 52 44 48

Blood lipids

Total cholesterol, mmol/l [mean, (SD)] 5.4 (1.02) 5.7 (1.06) 5.6 (1. 05)

Hypercholesterolaemia (� 6.5 mmol/l) (%) 15 25 21

HDL cholesterol, mmol/l [mean, (SD)] 1.3 (0.35) 1.6 (0.42) 1.4 (0.42)

Low HDL cholesterol (� 0.9 mmol/l) (%) 12 3 7

Body weight

BMI, kg/m2 [mean, (SD)] 27.0 (3.5) 26.7 (4.8) 26.8 (4.2)

Overweight (25 kg/m2 < BMI < 30 kg/m2) (%) 54 38 45

Obesity (BMI �30 kg/m2) (%) 17 21 19

Cigarette smoking

Smokers (%) 17 17 17

Ex-smokers (%) 52 42 47

Never smokers (%) 31 41 37

Mean (SD) number of cigarettes smoked per day (in smokers) 14.2 (8.1) 12.0 (6.6) 13.0 (7.4)

SD, standard deviation.
aSystolic� 140 mmHg and/or diastolic� 90 mmHg and/or anti-hypertensive medication.

Cohort Profile Update in a nutshell

• Originated from a monitoring study on cardiovascu-

lar disease risk factors, the Doetinchem Cohort study

has been expanded to a study on lifestyle and other

determinants of chronic conditions and ageing, with

individual data covering 25 years.

• In 1987 it started with an age-sex-stratified sample

(20–59 years) of the inhabitants of Doetinchem, a

mid-size Dutch town, of whom 12 404 (62%) partici-

pated in the baseline examination between 1987 and

1991.

• Two-thirds of those measured at baseline (n ¼ 7768)

were invited for first follow-up measurement in
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