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How did the study come about?
A major scientific challenge for the next few decades
is to understand the interaction between genetic sus-
ceptibility and environmental factors in the aetiology
of chronic diseases. The most promising approach to
discover these interactions requires a combined effort
of epidemiology and molecular genetics and large
sample sizes for sufficient power. Already in the
early 90s, the European Prospective Investigation
Into Cancer and Nutrition (EPIC) was initiated
in 10 European countries to create a large cohort to
study the aetiology of chronic diseases.1,2

The Netherlands has contributed two cohort studies
to EPIC: the Prospect cohort of 17 357 women of the
Julius Center3 in Utrecht, and the Monitoring Project
on Risk Factors for Chronic Diseases (MORGEN)
cohort of 22 654 men and women of the National
Institute for Public Health and the Environment
(RIVM) in Bilthoven.4 In the design phase, both
cohorts collaborated closely to obtain maximal
synergy in the design of the questionnaires and to fol-
low identical protocols in the collection of biological
samples. Because of the efficiency gain in maintaining
the cohort infrastructure and in conducting scientific
analyses, the Julius Center and the RIVM decided to
combine efforts to maintain and expand the cohorts
and biobanks by merging them into one EPIC-
Netherlands (EPIC-NL) study.

What does it cover?
Initially, the aim of the EPIC study was to investigate
the role of nutrition in the aetiology of cancer.1,2

The Prospect cohort was set up in this context to
investigate the role of nutrition in the aetiology of
cancer, whereas the MORGEN cohort had a broader
goal to monitor risk factors for chronic diseases in the
Netherlands. In addition to nutrition, both Dutch
cohorts also focused on other lifestyle factors, such
as smoking, alcohol and physical activity, whereas
reproductive factors were more extensively assessed
in the Prospect cohort and occupational factors
in the MORGEN cohort. Now, the focus of the inter-
national EPIC study has broadened to include
most major chronic diseases as an endpoint, such as
obesity, cardiovascular diseases5 and type 2 diabetes
(www.inter-act.eu).

Who is in the sample?
The baseline measurements were performed in 40 011
respondents; 17 357 women from the Prospect cohort
and 22 654 men and women from the MORGEN cohort.
The recruitment procedure for both cohorts differed
inherently to the aims of both studies. Prospect is a
prospective cohort study among women aged 49–70,
residing in the city of Utrecht or its vicinity, who parti-
cipated in the nation wide Dutch breast cancer screen-
ing programme between 1993 and 1997. A general
questionnaire and a food-frequency questionnaire
(FFQ) were mailed to women who agreed to partici-
pate, and these were returned when women attended
the screening unit.3 The MORGEN cohort consists of a
general population sample of men and women aged 20–
59 years from three Dutch towns (Amsterdam,
Doetinchem and Maastricht).4 From 1993 to 1997
each year a new random sample, consisting of �5000
subjects, was examined. A total of 50 766 persons
received an invitation to participate in the MORGEN
cohort. Those who returned a reply card received two
questionnaires by mail (a general questionnaire on
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socio-demographic factors, lifestyle and health indica-
tors, and an FFQ. They were then asked to visit the
local Public Health Service for a medical examination.
The baseline characteristics of the 40 011 men and
women from the individual Prospect and MORGEN
cohorts and the combined EPIC-NL study are shown
in Table 1.

The EPIC-NL study was funded by ‘Europe against
Cancer’ Programme of the European Commission
(SANCO); the Dutch Ministry of Public Health,
Welfare and Sports (formerly Ministry of Welfare,
Public Health and Culture); the Dutch Cancer
Society; ZonMW the Netherlands Organisation for
Health Research and Development; and World
Cancer Research Fund (WCRF).

What was the baseline response
rate?
A total of 50 313 Dutch women were invited to take
part in the Prospect cohort (1993–97), and 17 357
(34.5%) participated. Compliance was somewhat
higher for younger women and for women from
less urbanized areas. Participation rates were lower
in the last study year in Prospect for logistic reasons.
In total, 50 766 persons were approached for partici-
pation in the MORGEN cohort. Finally, 22 769 parti-
cipants (45%) completed the total survey including
questionnaires and a medical examination. Overall,
response rates were higher among women (49%)
than men (41%) and were higher among older per-
sons (30% among people aged 20–29 and 54% among
people aged 50–65). Response rates were highest
in Doetinchem (68%), intermediate in Maastricht
(45%) and lowest in Amsterdam (34%). A decline in
response rates was seen throughout the years, from
48% in 1993 to 40% in 1997. More detailed informa-
tion on characteristics is described by van Loon et al.6

Overall, this resulted in an overall response rate of
40% for the EPIC-NL study.

How often have they been
followed?
Participants are followed for the occurrence of cancer
and cardiovascular diseases by annual linkage to several
disease registries. Postal follow-up questionnaires were
also sent twice with intervals of 3–5 years to partici-
pants, in order to detect changes in lifestyle and for
occurrence of diseases that cannot accurately be
obtained from disease registries (e.g. diabetes,
fractures, etc.). About 6000 participants from the
MORGEN cohort originating from the municipality of
Doetinchem are repeatedly examined every 5 years7 to
obtain more detailed measurements, including blood
pressure, body weight and blood sampling.

Vital status of all EPIC-NL participants is obtained
through linkage with the municipal population regis-
tries. Subsequently, causes of death for the deceased
persons are obtained through linkage with ‘Statistics
Netherlands’. To date, information on vital status and
causes of death for the EPIC-NL study is complete
until January 1, 2006.

Cancer cases in the EPIC-NL study are identified by
annual linkage to the Dutch Cancer Registry.8 This reg-
istry identifies incident cancer cases (hospitalization
records/pathology records) and is 95% complete since
1989. The Dutch National Cancer Registry gathers its
data from all eight regional cancer centres.9 The
MORGEN cohort of EPIC-NL is linked to the Dutch
Cancer Registry because participants are residing in
several geographical areas covered by different regional
integral cancer centres. The Prospect cohort of EPIC-NL
is linked to two regional cancer registries: IKMN
(Integraal Kankercentrum Midden Nederland) and
IKO (Integraal Kankercentrum Oost). Linkage to the
Cancer Registry is based on information of birth date,
gender, full name (family nameþ initials), first four
characters of family name of spouse, place of birth
and postal code and date of mutation of postal code.
Follow-up for cancer incidence of the EPIC-NL study is
complete until January 1, 2004 for MORGEN and until
January 1, 2006 for Prospect. Prevalent cases of cancer
were also identified through linkage with the cancer
registry (1989–97) and by self-report using the baseline
general questionnaire.

Data on morbidity other than cancer were obtained
from the Dutch Hospital Association and Order of
Medical Specialists, which holds a standardized
computerized register of hospital discharge diagnoses.
Since 1990, admission files have been stored continu-
ously from all general and university hospitals
in The Netherlands. Data on sex, date of birth, dates
of admission and discharge are recorded whenever
a patient is discharged from hospital. One mandatory
principal diagnosis and up to nine optional additional
diagnoses are reported. All diagnoses are coded
according to the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9). Coding of the diagnoses is performed by qualified
medical administrative personnel in the hospitals. The
National Medical Registry (NMR) collects these data
in the Hospital Discharge Diagnosis Database. These
data are checked by the NMR, mistakes are corrected
by the hospitals, and unlikely diagnoses are discussed
with the hospital. The database is linked to the cohort
based on information of birth date, gender, postal
code and general practitioner with a validated prob-
abilistic method.10 Follow-up of EPIC-NL is currently
complete until January 1, 2006. Prevalent cases of
cardiovascular disease were also identified through
linkage with the NMR (1990–97) and by self-report
using the baseline general questionnaire.

The occurrence of type 2 diabetes was assessed by
self-report in the follow-up questionnaires, combined
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with the result of the use of a urinary glucose strip
test for detection of glucosuria (only in Prospect) and/
or linkage to the NMR as described. Participants
received a urinary glucose strip test, enclosed with
the first follow-up questionnaire. They were asked
whether the urine strip had turned purple after 10 s,
indicating glucosuria. Details are described else-
where.11 Prevalent cases of diabetes were identified
through linkage with the NMR (1990–97) and by
self-report using the general baseline questionnaire.
Both prevalent and incident cases of diabetes detected
by either of these methods are being verified by con-
sulting their medical records at general practitioners
and will be described elsewhere.

What is the response rate during
follow-up?
Chronic disease endpoints are obtained through link-
age with several existing disease registries. Linkages
are performed only for those respondents who gave
written informed consent (which is the case for495%
of the respondents). Therefore, linkage success rate
for cardiovascular endpoints and type 2 diabetes is
97.6% (n¼ 39 055) and for cancer endpoints it is
97.3% (n¼ 38 937). For Prospect follow-up question-
naires, the response rates were 76.2% (n¼ 13 229) and
68.1% (n¼ 11 812) for the first and second follow-up
questionnaire. In the MORGEN study, the response
rate was 66.6% (10 284 of 15 439) for the first
follow-up questionnaire in Amsterdam and
Maastricht (1998–2002) and 74.7% (4916 of 6578)
in Doetinchem (1998–2002), whereas this was 78.2%
(4519 of 5781) for the second follow-up questionnaire
in Doetinchem (2003–07) and 57.0% (7903 of 13 862)
for the second follow-up questionnaire in Amsterdam
and Maastricht (2003–07). Non-responders to these
follow-up questionnaires were reminded by letter.

What has been measured?
At baseline, a general questionnaire and an FFQ were
filled in by all participants. A physical examination
including body weight, waist and hip circumference
and blood pressure measurement was performed and
blood samples were drawn. During follow-up, partici-
pants were followed for disease occurrence through
registries and for lifestyle changes through question-
naires send with 3- to 5-year intervals.

General questionnaire and physical
examination
At baseline, a general questionnaire containing ques-
tions on demographic characteristics, presence of
chronic diseases and related potential risk factors
was administered. Comparable information on life-
style, disease history and diet was collected in the

Prospect and MORGEN cohorts, although each project
had additional questions on different topics. Coding
of this information was standardized and merged into
one database.

In Prospect, systolic and diastolic blood pressure
was measured in supine position twice using a Boso
Oscillomat (Bosch & Son, Jungingen, Germany) with
a cuff of 15� 52 cm on their left arm. Approximately
5–15 min after arrival, the first blood pressure assess-
ment was performed and this was repeated after
10 min. In MORGEN, measurement of systolic and
diastolic blood pressure was performed at the end of
the study visit using a random zero Sphygmomano-
meter. The measurement was performed in supine
position on the left arm using a cuff of 12� 23 cm
(or, if necessary, 15� 33 or 9� 18 cm). Systolic
blood pressure was recorded when continuing rhyth-
mic tunes were present (first-phase Korotkoff) and
diastolic blood pressure was read when tunes were
no longer present (fifth-phase Korotkoff). The compar-
ability of both measurement procedures has been
reported in more detail.12 The blood pressure assess-
ment of Prospect slightly overestimates blood pressure.
For both cohorts, body weight was measured in light
indoor clothing without shoes to the nearest 0.5 kg
with a floor scale (Seca, Atlanta, GA, USA). Waist
and hip circumference were measured identically as
well. Body mass index was calculated as weight
divided by height squared (kg/m2).

Duration and types of physical activity during the
year preceding study recruitment were assessed by a
set of questions that was used in all EPIC cohorts.13

By combining occupational physical activity with time
spent on cycling and sporting in summer and winter,
the validated Cambridge Physical Activity Index
(CPAI)14 was calculated. Based on this index, partici-
pants were divided in four physical activity categories
(inactive, moderately inactive, moderately active and
active).

FFQ
In both cohorts of EPIC-NL, food consumption was
assessed using an identical self-administered FFQ
including questions on the usual frequency of con-
sumption of 77 main food categories during the
year, preceding enrolment. Further information was
collected on consumption frequency for selected sub-
items (e.g. skimmed, semi-skimmed or full-fat milk),
preparation methods, additions (e.g. sugar), use of
dietary supplements, special diets and brand names
of fats used on bread and for cooking. Colour photo-
graphs were used to estimate portion size for 28 food
items. Overall, the questionnaire allows the estima-
tion of the average daily consumption of 178 foods.
The FFQ has been validated before start of the
study15,16 against twelve 24-h recalls, and biomarkers
in 24-h urine and serum. Table 2 shows intake of
some selected nutrients of the EPIC-NL study.
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Blood sampling
In the MORGEN cohort, ethylene-diamine-tetra-acetic
acid (EDTA) plasma has been collected. In both
cohorts of EPIC-NL, the EPIC blood sampling protocol
was identical. Participants donated a 30-ml non-fast-
ing blood sample, using three Sarstedt safety vacuum
monovettes, one dry monovette for serum and two
citrated monovettes for plasma. Samples were pro-
tected against light and temporarily stored at tem-
peratures between 4 and 108C. Within 24 h, samples
of 4 ml serum, 9 ml citrate plasma, 2 ml white blood
cells and 2 ml red blood cells were fractionated into
28� 0.5-ml aliquots and stored in heat-sealed plastic
straws, first at –808C and later under liquid nitrogen
at –1968C, for future use. Half of all aliquots (14
straws per subject) were transported to Lyon by
road under liquid nitrogen to be stored in the central
European EPIC bank of biological samples at the
International Agency for Research on Cancer. The
other half of the aliquots were stored locally in one
biobank in a single utility at the RIVM. Therefore,
EPIC-NL has collected two identical biobanks: one is
part of the European EPIC study and stored at IARC;
the other is identical but is located at RIVM.

Biochemical measurements
A 6.5% random sample of the baseline cohort was
taken for the assessment of biomarkers and genetic
variations, using the efficient case–cohort design.
Table 3 shows the distribution of several characteris-
tics of the random sample compared with the total
cohort. No substantial differences were detected.

Several established biochemical risk factors for car-
diovascular disease and type 2 diabetes were assessed
in the random sample and in all incident cases of
coronary heart disease, cerebrovascular accidents and
type 2 diabetes that occurred before 2006. Blood levels
of established biochemical parameters were measured
in EDTA or citrate plasma. We compared measure-
ments using EDTA plasma with citrate plasma and
validated these against serum in a sample of 50 par-
ticipants. Correlation coefficients between EDTA or
citrate plasma and serum were generally higher than
0.95 with the exception of albumin (r¼ 0.82). HbA1c
was measured in erythrocytes using an immunoturbi-
dimetric latex test. Albumin and creatinine (Jaffé
method) were measured using a colorimetric
method. Alanine aminotransferase, aspartate amino-
transferase, gamma-glutamyltransferase, total choles-
terol, triglycerides and uric acid were measured using
enzymatic methods, whereas high-sensitive C-reactive
protein was measured with a turbidimetric method.
High-density lipoprotein (HDL)-cholesterol and low-
density lipoprotein (LDL)-cholesterol were measured
using a homogeneous assay with enzymatic endpoint.
These assays, including the haemolytic, icteric and
lipemic indices (absorbance), were all performed on
an autoanalyser (LX20, Beckman Coulter, Mijdrecht,
the Netherlands). Table 4 describes the biochemical

measurements in the random sample, and of cases
with cardiovascular disease or type 2 diabetes.

Disease occurrence
During follow-up, we obtained occurrence of chronic
diseases through linkage with several registries.
Table 5 describes the event rates of certain main end-
points obtained in our cohort.

Follow-up questionnaires
The follow-up questionnaires contained questions on
occurrence of diabetes, hypertension, hyperlipidaemia,
fractures, changes of body weight and lifestyle, such
as physical activity, alcohol consumption, smoking
and reproductive factors.

What has been found?
EPIC-NL is the Dutch contribution into the European
EPIC study and as such has participated in over 150
cancer-related studies.17–20 Studies only based on the
Dutch data so far included Prospect or MORGEN data
separately with a few exceptions.21 Examples include
relations between established risk factors with occur-
rence of chronic disease in the separate cohorts.11,22–25

For example, a positive association between dietary
glycaemic load and glycaemic index with cardiovascu-
lar disease was reported [hazard ratio (HR): 1.5], and

Table 3 Baseline characteristics of the 6.5% random sample
compared with the entire baseline cohort

Cohort
Random
sample

N 40 011 2604

Age (years) 49� 12 49� 12

Sex (% female) 74.4 74.7

BMI (kg/m2) 25.7� 4.1 25.8� 4.1

Systolic blood
pressure (mm Hg)

126.2� 19.0 126.3� 18.9

Diastolic blood
pressure (mm Hg)

77.8� 10.7 77.9� 10.7

Waist circumference (cm) 85.3� 11.6 85.5� 11.7

Hip circumference (cm) 103.5� 8.3 103.5� 8.2

Smoking

Current (%) 37.7 38.5

Former (%) 31.2 31.6

Never (%) 38.3 37.7

Alcohol intake (g/day) 10.9� 15.5 11.2� 15.8

Cancer (%) 4.2 4.1

Myocardial infarction (%) 1.8 1.7

Diabetes (%) 2.1 1.8

Hypertension (%) 21.9 23.1

Hyperlipidaemia (%) 8.4 8.1
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an inverse association between alcohol consumption
and risk of type 2 diabetes (HR: 0.7).11,22 In the
Prospect cohort, dietary intake of phytoestrogens
was not associated with risk of coronary heart dis-
ease,25 whereas plasma phytoestrogens were asso-
ciated with a reduced risk of breast cancer (HR:
0.7).26 The Prospect cohort also showed an increased
post-menopausal breast cancer risk with increased
number of menstrual cycles (HR: 1.8).23

Furthermore, post-menopausal hormone therapy was
associated with a smaller decline of mammographic
density.27 In the MORGEN cohort, time-trends in risk
factors showed an increase of total cholesterol
whereas HDL-cholesterol remained stable28 and a
steady increase in the prevalence of obesity.29

Another study provided evidence that overweight
individuals give biased dietary information.30 In the
MORGEN cohort, smoking and coffee consumption
were positively and alcohol drinking was inversely
associated with plasma total homocysteine level.31

Two studies also showed that a high intake of vitamin
C or beta-carotene is protective for forced expiratory
volume compared with a low intake, but not for respi-
ratory symptoms,32 and that flavonol and flavone
intake was inversely associated with chronic cough
(odds ratio¼ 0.8), whereas solid fruit, but not tea,
intake was inversely associated with chronic obstruc-
tive pulmonary disease.33

Main strengths and weaknesses
Important strengths of the EPIC-NL study include
inclusion of both genders, a large variation in disease
determinants and its unique repository of blood sam-
ples collected before the occurrence of the chronic

diseases of interest kept under liquid nitrogen for
long-term use. The EPIC-NL study has a sufficient
sample size to investigate obesity, cardiovascular dis-
ease and type 2 diabetes as endpoints by itself.
However, the EPIC-NL study does not have sufficient
power for most cancer endpoints, at least not in the
coming one to two decades. The EPIC-NL study is an
ongoing study with continuous and almost complete
follow-up for disease occurrence. The number of end-
points is steadily increasing over the years (Table 5).
The higher disease rates in Prospect are in part
explained by higher ages at baseline. A limitation of
the EPIC-NL study is a slight difference in some mea-
surements of specific factors. For example, blood pres-
sure measurements were different in MORGEN and
Prospect. Therefore, for some studies analyses strati-
fied by cohort is recommended. Finally, like many
observational studies, our data are in part based on
self-reported data that may be subject to
misclassification.

How can I collaborate?
We welcome collaborative research on the data of the
EPIC-NL study. For more information, you can check
our website at: www.epicnl.eu; or mail us at: info@
epicnl.eu. Otherwise, you can directly contact the
National Institute for Public Health and the
Environment, Division Public Health, Centre for
Prevention and Health Services Research, Dr H.B.
Bueno-de-Mesquita, principal investigator (Bas.
Bueno.De.Mesquita@rivm.nl) or the University
Medical Center Utrecht, Julius Center for Health
Sciences and Primary Care, Prof. Dr P.H.M. Peeters,
prinicipal investigator (p.h.m.peeters@umcutrecht.nl).

Table 4 Mean (� SD) plasma concentrations of established cardiovascular risk factors in the random sample,
cardiovascular and type 2 diabetes cases

CVD (n¼ 1836) DM2 (n¼ 822) Random sample (n¼ 2389)

Mean (SD)

Albumin (g/l) 37.7 (4.9) 37.1 (4.8) 38.7 (4.9)

Creatinine (mg/l) 64.9 (18.6) 62.2 (14.7) 63.2 (16.3)

Cholesterol (mmol/l) 5.7 (1.1) 5.4 (1.1) 5.3 (1.1)

HDL (mmol/l) 1.2 (0.3) 1.0 (0.3) 1.3 (0.3)

LDL (mmol/l) 3.4 (0.9) 3.3 (0.9) 3.1 (0.9)

Uric acid (mmol/l) 271.2 (73.0) 285.8 (72.0) 257.8 (68.3)

Hb (g/dl) 17.2 (3.3) 17.1 (3.1) 17.3 (3.35)

Median (Q1–Q3)

ALT (IU/l) 14.8 (12.0–19.0) 17.2 (13.6–22.9) 14.6 (11.9–18.4)

AST (IU/l) 20.1 (17.4–24.1) 20.7 (17.5–25.8) 20.0 (17.4–23.6)

GGT (IU/l) 24.5 (19.2–33.5) 29.1 (22.8–40.9) 20.5 (16.4–28.0)

hsCRP (mg/l) 1.9 (0.9–3.8) 2.6 (1.3–4.8) 1.29 (0.6–2.9)

Triglycerides (mmol/l) 1.6 (1.1–2.4) 2.0 (1.4–2.8) 1.31 (0.92–1.96)

HbA1c (%) 5.7 (5.2–6.2) 6.3 (5.6–6.9) 5.4 (5.0–5.8)
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