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The HUNT Study includes large total population-based cohorts from
the 1980ies, covering 125 000 Norwegian participants; HUNT1 (1984-
86), HUNT2 (1995-97) and HUNT3 (2006-08). The study was primar-
ily set up to address arterial hypertension, diabetes, screening of tuber-
culosis, and quality of life. However, the scope has expanded over
time. In the latest survey a state of the art biobank was established,
with availability of biomaterial for decades ahead. The three popula-
tion based surveys now contribute to important knowledge regarding
health related lifestyle, prevalence and incidence of somatic and
mental illness and disease, health determinants, and associations
between disease phenotypes and genotypes.

Every citizen of Nord-Trendelag County in Norway being 20 years or
older, have been invited to all the surveys for adults. Participants may
be linked in families and followed up longitudinally between the sur-
veys and in several national health- and other registers covering the
total population.

The HUNT Study includes data from questionnaires, interviews, clin-
ical measurements and biological samples (blood and urine). The
questionnaires included questions on socioeconomic conditions,
health related behaviours, symptoms, illnesses and diseases.

Data from the HUNT Study are available for researchers who satisfy
some basic requirements (www.ntnu.edu/hunt), whether affiliated in
Norway or abroad.

Why was the cohort set up?

The HUNT Study (an acronym for the Norwegian name:
Helseundersokelsen i Nord-Trondelag) constitutes a
large population database for medical and health-
related research. So far three health surveys of the gen-
eral adult population in the Nord-Trendelag County,
Norway (Figure 1) have been completed, HUNTI in
1984-86," HUNT2 in 1995-97,> and HUNT3 in 2006
08. At the time of HUNT2 and HUNT3, adolescents
aged 13-19 years were invited to the Young-HUNT
Study, which has a partly overlapping scientific

programme, but this study will be presented in a separ-
ate publication in preparation (TL Holmen, personal
communication, 18 May 2012).

HUNT1 was primarily designed to address arterial
hypertension, diabetes, chest X-ray screening of tuber-
culosis and quality of life. The scope of the HUNT
Study has expanded over time and contributed to
important knowledge regarding health-related life-
style, prevalence and incidence of illness and disease,
health determinants and associations between disease
phenotypes and genotypes.
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Figure 1 The HUNT Study area, the 24 municipalities in Nord-Trendelag County, Norway

The surveys have been set up by the HUNT Research
Centre organized under the Norwegian Institute of
Public Health until 2000, and thereafter the Norwe-
gian University of Science and Technology (NTNU).

HUNT has largely been publicly funded. HUNT3 was
mainly funded by the Norwegian Ministry of Health,
NTNU, the Norwegian Research Council (the FUGE
programme), Central Norway Regional Health
Authority, the Nord-Trendelag County Council and
the Norwegian Institute of Public Health. Funding
also has been given by commercial enterprises such
as Statoil, Sparebankl Midt-Norge, Nord-Trondelag
Elektrisitetsverk, Gjensidigestiftelsen, AstraZeneca
and GlaxoSmithKline. Several other contributors sup-
ported sub-studies. In total, the core HUNT3 study
had a cost of ~120 million NOK (16 million Euro).

Who is in the cohort?

Setting

Norway is a Northern European country characterized
as a social democratic welfare state, with generous
universal public health insurance coverage, and pre-
dominately public health services.” The average life
expectancy (2009) is 83 years in women and 79 in
men. Nord-Trendelag constitutes one of 19 counties,
geographically situated in the central part of the
country. The population size was relatively stable be-
tween HUNTI1 (125835 in 1981) and HUNT3 (128 694
in 2006), and except for young adults, the in- and
out-migration has been low. In all the HUNT surveys,
the data were collected in each of the 24 municipali-
ties in the county by using temporarily located health

examination sites staffed by certified fieldwork teams
(Figure 1). This article presents the adult part
of HUNT, mainly focusing on the HUNT3 Survey
(Table 1). The HUNT1 and HUNT2 surveys have
been described in detail previously.'”

The HUNTI1 cohort aged 20+
(established 1984-86)

In 1984-86 every citizen of Nord-Trendelag County
aged 20 years or older (or turning 20 years during
the year of survey) were invited. A total of 77212
persons participated (89.4% of those invited)
(Figure 2). Questionnaires and clinical measurements
(listed in Table 1) were applied. Participants with
findings indicating pathology were advised to see
their family doctor." The design applied in HUNTI
was largely repeated in HUNT2 and HUNT3.

The HUNT2 cohort aged 20+ years
(established 1995-97)

HUNT2 constituted both a new cross-sectional survey
and a follow-up of HUNTI1.” The scientific programme
was extended to include several large public health
issues in accordance with current national health
priorities. These were cardiovascular disease (CVD),
diabetes, obstructive lung disease, osteoporosis, head-
ache, mental health, chronic musculoskeletal pain
and urinary incontinence. In addition to question-
naires, interviews and clinical examinations, the par-
ticipants contributed with blood samples for instant
analysis and storage. A total of 65237 participated in
HUNT2 (69.5% of those invited).
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Table 1 The HUNT Study. Main surveys and measurements for adults

Survey

Measurements

HUNTI (1984-86)

HUNT2 (1995-97)

HUNT3 (2006-08)

Questionnaires (four) with self-reported health, quality of life, illness, diseases (CVD, diabetes),
major behavioural risk factors and socio-economic position. Disease-specific questionnaires for
hypertension, diabetes and quality of life

Anthropometric measures: weight, height

Blood pressure and heart rate

Chest-X-ray

Capillary non-fasting blood glucose (participants 40 years and older and all with known diabetes)

Venous blood samples analysed for total HbA1 in persons reporting known diabetes

Questionnaires (eight) with self-reported health, quality of life, illness, diseases (several), major
behavioural risk factors and socio-economic position. Disease-specific questionnaires for hyper-
tension, diabetes and lung diseases

Anthropometric measures: weight, height, waist and hip circumference

Blood pressure and heart rate

For sub-groups: spirometry, forearm bone mineral density (BMD), vision

Venous blood samples, analysed cholesterol (total and HDL), triglycerides, glucose, Se-Fe, transferrin
and creatinine. Sub-groups: thyroid-stimulationg hormone (TSH), calcium, parathyroid hormone
(PTH) and stored (serum aliquots stored at —80°C), DNA extracted

Urine: microalbumine and creatinine (sub-groups)

Questionnaires (17) with self-reported illness, diseases (several), major behavioural risk factors and
socio-economic position. (See Table 4)

Anthropometric measures: weight, height, waist and hip circumference

Blood pressure and heart rate

Sub-groups: spirometry, BMD (forearm, hip and lumbar), MaxO,-uptake, echocardiography,
dental status

Venous blood samples, analysed for cholesterol (total and HDL), glucose, triglycerides,
TSH and other) and stored

Urine: microalbumin and creatinine (sub-groups)

/

N ([ N (7 N ()

HUNT1 (1984-86)
Invited (aged 20+) 86 404
Participated (89.4%) 77 212

HUNT2 (1995-97)
Invited (aged 20+) 93 898
Participated (69.5%) 65 237

HUNT3 (2006-08)
Invited (aged 20+) 93 860
Participated (54.1%) 50 807

Registers

Participants can be

followed up in local

N 2lcetonts Y | G =2 Gl —>] or national end-point
Participants: 47 316 Participants: 47316 registers, or censored
HUNT1 -2 -3 cohortP | —>| HUNT1-2-3 cohort | —>| HUNT1-2-3 cohort according to available
Participants: 27 992 Participants: 27 992 Participants: 27 992 information about
HUNT2 - 3 cohort° | HUNT2 -3 cohort e
Participants: 37071 Participants: 37 071 [ IEET S

\_ 1\ 1\ AN Y,

moved to other county: 17 389

[ Dead, emigrated, disappeared or ] [ Dead, emigrated, disappeared: 8545

Moved to other county: 4357 ]

Figure 2 Flow chart showing the number of invited and the number of participants in the different cohorts in the
HUNT Study. The total county population 20+ years in Nord-Trendelag County Norway have been invited to all the surveys.
participated in both HUNT1 and HUNT2. PParicipated in HUNT1, HUNT2 and HUNTS3. “Participated in both HUNT2 and

HUNT3

The HUNT3 cohort aged 20+

(established 2006-08)

In HUNT3, a total of 93 860 residents were invited in
the period from October 2006 to June 2008. The sci-
entific programme of HUNT3 included several main
public health issues as in HUNT2, but included also
topics like culture participation and religious affili-
ation. Optimal handling and storage of blood and
urine samples were given high priority, as part of
the establishment of a new up-to-date biobank. The

extensive biobank initiative in HUNT3, including de-
tailed description of methods and procedures, will be
presented in a separate publication in preparation (K
Hveem, personal communication, 18 May 2012).

Invitation procedure and information

to participants

Invitation files for the HUNT surveys were created
from monthly updated national census data. The
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Table 2 Participants in the HUNT3 Survey (2006-08) by sex and age at invitation. The total county population aged 20

years or more was invited (N =93 860)

Men Women Total

Age (years) Invited Attended? % Invited Attended % Invited Attended %

20-29° 7293 1873 25.7 6991 2645 37.8 14284 4518 31.6
30-39 7914 2862 36.2 7832 4019 51.3 15746 6881 43.7
40-49 9212 4557 49.5 8524 5447 63.9 17736 10004 56.4
50-59 8898 5418 60.9 8415 5991 71.2 17313 11409 65.9
60-69 6909 4674 67.7 6892 5137 74.5 13801 9811 71.1
70-79 4011 2664 66.4 4583 3080 67.2 8594 5744 66.8
80-89 2102 952 45.3 3394 1335 39.3 5496 2287 41.6
90+ 228 49 21.5 662 104 15.7 890 153 17.2
Total 46 567 23049 49.5 47293 27758 58.7 93 860 50807 54.1

dAttended by returning an answered Ql.
YA few participants attending at age 19, but turning 20 years during the year of participation, were included in the 20-29 age group.

invitation letter was sent by post and included the
first questionnaire (Ql) and an information pamph-
let. The information pamphlets (for HUNT2 and
HUNT3) were elaborated in co-operation with the
Data Inspectorate of Norway, the Health Directorate
and the Regional Committee for Medical and Health
Research Ethics. The participants delivered Q1 and the
written consent when they attended the health exam-
ination sites.

Participation in HUNT3
As the health surveys include several study parts, from
filling in Q1 to a number of additional clinical tests and
interviews, the response and non-response associated
with each study part may differ depending on the invi-
tation criteria that were used. In Table 2, participation
in HUNT3 is defined as having at least filled in QI.
Despite the use of monthly updated national census
data, 2239 of the 96099 citizens were dead or had
moved out of the county when the fieldwork team
arrived, making a total of 93 860 adults eligible for par-
ticipation. Out of these 50 807 participated (54.1%).
The participation rate declined from HUNTI1 to
HUNTS3 as in most other population-based studies.” In
all three surveys, more women than men participated,
and the highest participation was in the middle aged
and the elderly (50-79) with lower participation in the
oldest (80+) and in age groups under 40. In HUNT3 the
highest participation rate was in age group 60-69,
74.5% for women and 67.7% for men. Men aged
20-29 had the lowest participation rate (25.7%).

How often have the population
been followed up?

The HUNT surveys have been completed at 11-year
intervals, enabling cross-sectional and trend studies
as well as cohort and other longitudinal study designs
(Figure 2).°> In several sub-studies, selected

participants have been invited for follow-up studies
between the main waves, e.g. the lung study, diabetes
study, osteoporosis study and chronic pain studies.

Linkage to registers covering all participants
Data from all HUNT participants may be linked to
several local, regional or national registers through
the unique Norwegian 11-digit personal identification
number. Linking data is carried out in each project
and not centralized to the HUNT Research Centre.
Health registers (e.g on forearm and hip fractures,
myocardial infarction, stroke, dementia) have been
established based on hospital or nursing home files
within the region, whereas the national registers
cover the total Norwegian population.

The most important registers are the Medical Birth
Register of Norway,® the Cancer Register of Norway,’
the Cause of Death Register,>'' Norwegian Prescrip-
tion Database,'® Statistics Norway’s events database
(FD-Trygd) covering all types of social security bene-
fits,'”> the National Education Database,'* Income
statistics for persons and families,'> the Family
Register linking participants in families'® and local
hospital disease registers.'”'®

Loss to follow-up between the HUNT surveys

Regarding attrition between the HUNT2 and HUNT3
surveys, the participation rate in HUNT3 decreased by
15.4 percentage points. The decrease was most pro-
nounced in men and younger adults. Among 65237
participants in HUNT2, 10507 (16.1%) had died at the
time of HUNT3, 240 had emigrated and 1 had
disappeared. Out of all HUNT2 participants, 72% of
women and 69% of men also participated in
HUNT3. People aged 50-59 years in HUNT2 were
most compliant in that 74.1% participated in
HUNT3. Among HUNT2 participants aged 20-29
years, 46.4% participated in HUNT3, whereas 21.1%
had moved out of the county. (Table 3).
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Table 3 Compliance and attrition between the HUNT2 (as
baseline in 1995-97) and the HUNT3 surveys (as follow-up
in 2006-08)

Age (years) at

it e Statzlzso(i)lé_l(-)lgNT3
(1995-97)
Not Not

Age Attended attended invited® Moved® Total
20-29¢

N 4228 2883 80 1924 9115

% 46.4 31.6 0.9 21.1 100.0
30-39

N 7696 3042 110 784 11632

% 66.2 26.2 0.9 6.7 100.0
40-49

N 10019 2651 337 597 13 604

% 73.6 19.5 2.5 4.4 100.0
50-59

N 8195 1881 643 341 11060

% 74.1 17.0 5.8 3.1 100.0
60-69

N 5049 2072 1610 318 9049

% 55.8 22.9 17.8 3.5 100.0
70-79

N 1800 2353 3534 307 7994

% 22.5 294 44.2 3.8 100.0
80-89

N 84 378 2074 85 2621

% 3.2 14.4 79.1 3.2 100.0
90+

N 0 4 157 1 162

% 0 2.5 96.9 0.6 100.0
Total

N 37071 15264 8545 4357 65237

% 56.8 234 13.1 6.7 100.0

“Dead, emigrated or disappeared.
"Moved out of the county, but still living in Norway.
‘Includes a total of 214 aged 10-19 years.

Non-participation studies

A comprehensive non-responder study was completed
after HUNT1.' In HUNT?2, shortly after completing the
fieldwork, a 2.5% random sample of non-attendants
was selected (n=685) for a non-participation study.’
These studies showed that the main reasons for
non-attendance for people aged 20-44 years was
lack of time and staying outside the county. In the
age group 45-69, the main reasons were being very
busy, forgetting the invitation or not being interested.
For people aged 70+, the main reasons were having
regular follow-up in the health services or being
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immobilized due to disease. For the HUNT3 Survey,
different non-participation analyses have been com-
pleted. These will soon be presented in an article in
preparation (A Langhammer, personal communica-
tion, 18 May 2012). A comparison between partici-
pants answering Q1 and respondents only answering
a non-participation questionnaire distributed to all
non-participants, a comparison between participants
and non-participants in national registers and a com-
parison of respondents with data from randomly se-
lected general practices. The analyses showed that
among non-participants, the prevalences of CVDs,
diabetes mellitus and psychiatric disorders were
higher both in non-participant data and data ex-
tracted from general practice, compared with that re-
ported by participants. According to the register data,
the non-participants had lower socio-economic status
and a higher mortality than participants. Thus,
depending on the question under research, possible
selection bias should be taken into consideration.

What has been measured?

Questionnaires in HUNT3 (Table 4)

Ql was a self-report questionnaire filled in at home
before the respondents attended the basic health
examination. After the clinical examination, a
second questionnaire (Q2) with a common major
part and a specific sex and age (20-29, 30-69, 70+
years) part was handed out to everyone. Further, a
third category of questionnaires (Q3) was given to
individuals with selected diseases or other sub-groups
according to particular responses given in QI
(Table 4). Up to three different Q3s were handed
out to each participant. Q2 and Q3 were to be com-
pleted at home and returned by mail in a pre-paid
envelope. About 80% of the participants returned
Q2/Q3. These questionnaires included questions
about socio-economic conditions, health-related be-
haviours, symptoms, illnesses and diseases.

Interviews

All participants answered an interview at the health
examination sites. Employed pecople were asked
for occupational titles, business sectors and exposures
to occupational hazards. Additionally, women were
interviewed about menstruation, pregnancies and
breastfeeding.

Clinical measurements

Blood pressure and heart rate were measured using a
Dinamap 845XT (Critikon) based on oscillometry."’
Height and weight were measured with the partici-
pants wearing light clothes without shoes: height to
the nearest centimetre and weight to the nearest half
kilogram. Waist and hip circumferences were mea-
sured with a band to the nearest centimetre, with
the participant standing and with the arms hanging
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Table 4 Questionnaires in the HUNT3 Survey (2006-08), inclusion and exclusion criteria, contents

b

Questionnaire (Q)? Inclusion criteria

Contents

Q1 All participants

Q2 (6 versions)

Q3 diabetes

Q3 cardiovascular

Self-reported diabetes in Q1
Self-reported CVD in Ql

Q3 cancer prostate
examination

Q3 cancer colon
examination

Q3 cancer breast
examination

Q3 psoriasis Self-reported psoriasis in Q1

Q3 hand eczema Self-reported hand eczema in Q1

Q3 health services
10% random sample

Q3 complementary and Self-reported use of complementary and alter-

alternative medicine native medicine in Q1

(CAM)

Q3 carnivores
(control) municipalities

Self-reported colon cancer reported at health

Self-reported breast cancer reported at health

Self-reported hospitalization last year in Q1+

Participants in Lierne (case) and Namdalseid

Global health measures, diseases, symptom and
function measures, health-related behaviours,
childhood experiences, diseases in the family,
health services utilization

All participants, stratified by gender and three Psychosocial family, occupational and neigh-
age groups; 20-29, 30-69, 70+ years

bourhood conditions, health-related behav-
iours including culture and religious
affiliation, symptoms of disecases, anxiety and
depression, personality traits

Treatment, disease-related symptoms

Treatment, disease-related symptoms

Self-reported prostate cancer reported at health Psychosocial factors, symptoms and problems

Psychosocial factors, symptoms and problems
Psychosocial factors, symptoms and problems

Treatment, disease-related symptoms and
problems

Treatment, disease-related symptoms and
problems

Health services experiences and evaluations

Alternative medicine utilization, motivation and
experiences

Experiences of living in an area where large
carnivores are common, for health, quality of
life, recreation and business

“http://www.ntnu.edu/hunt/data/que.

"No participant was requested to fill in more than three different Q3s. Priority was given to Q3s for diabetes, CVD and cancer; thus
a few participants with several diseases were excluded from the other Q3s.

relaxed. The waist circumference was measured hori-
zontally at the height of the umbilicus, and the hip
circumference was measured likewise at the thickest
part of the hip.

Blood and urine sampling, biobanking

Biological material was collected at the health examin-
ation stations and transported daily by courier to the
biobank. Blood sampling followed a strict quality proto-
col, collecting serum, plasma, buffy coat, immortalized
cells for cell line production, specialized tubes for trace
metal/elements analysis and RNA tubes. Urine was
collected when possible, and frozen immediately.
Procedures have been established for (i) blood fraction-
ation and distribution into 2-D bar coded cryo tubes,
(ii) DNA isolation and normalization and (iii) storage
and retrieval of 1 million DNA samples operating at
—20°C. Samples are also stored at —80°C in manual
ultra-freezers and in the vapour phase of liquid nitro-
gen. Details will be described in a separate paper
(K Hveem, personal communication, 18 May 2012).

Sub-studies collecting clinical data

In several sub-studies (Table 5), selected participants
were invited for additional examinations, like certain
age groups, disease- and sex-specific groups or partici-
pants restricted to certain municipalities,”**> whereas
in some sub-studies randomized samples were invited.
Data from these sub-studies, which were run and
funded separately, are integrated in the HUNT databank
and made available for researchers after a 4-5 years pro-
tection period of exclusive rights for the researchers re-
sponsible for each of the sub-studies.

What has it found? Key findings
and publications

About 600 scientific papers and 78 PhDs based on the
data from HUNT, covering a wide range of scientific
disciplines, have been published up to May 2012.
Data from HUNTI showed either population-based
screening for detecting hypertension?* or lung X-ray
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Project

Inclusion/exclusion criteria

Sample size®

Phase 1°
Echocardiography

Maximum oxygen uptake rate and blood vessel
test

Urine sampling for microalbuminuria
examination

Spirometry test and lung interview

Bone densitometry forearm, hips and lumbar
spine
Phase 2¢

Diabetes or high risk for diabetes type 2,
diagnostics and intervention®

Oral health examination

Headache and alcohol validation interviews,
polysomnography

Chronic pain, 5-year follow-up (questionnaires)

Neck/low back pain, 1-year follow-up
(questionnaires)

Cognitive tests

Psoriasis and hand eczema clinical examination

Cerebral magnetic resonance imaging (MRI)

No heart/lung disease 1278

No cancer, heart disease, pregnancy, blindness or 5111
other medical contraindication to fast walk

Follow-up of a HUNT2 cohort 5861

Asthma, asthma-related symptoms and 12128
10% random sample

As for spirometry and a female cohort having 17336
participated in the osteoporosis study in HUNT2

High Finnish Diabetes Risk Score (FINDRISC), 5428
known diabetes

Random in specific age cohorts 600

Samples reporting headache in Q14 control group 297

Reported chronic pain in QI in two municipalities = 4782

Reporting acute pain in neck/low back in two 220
municipalities

Selected municipalities, sample without known 120
CNS disease

Self-reported skin diseases and controls 544

Selected municipalities, sample without known 986

CNS disease

?Sample size for the clinical tests.

PPhase 1 in HUNTS3, at the initial attendance at the health examination sites.

‘Phase 2 in HUNT3, at a later date.

dCo-operation with other European centres in the EU-funded DE-PLAN project.

screening for detecting tuberculosis to be cost
effective (data not published). Further, in healthy in-
dividuals, quality of life was not affected by receiving
the message that they had hypertension.*’

A number of HUNT studies have been published in
high impact journals. Both data and biological mater-
ial have been used in international collaborative
projects revealing previously unknown genetic sus-
ceptibility for common diseases such as cancers***’
and type 2 diabetes.”® The risk of urinary incontinence
was shown to be higher among women who have had
caesarean sections than among nulliparous women,
and even higher among women who have had vaginal
deliveries.®

HUNT publications have raised important questions
about the applicability of international guidelines for
prevention of CVDs.”” If guideline recommendations
were meticulously applied, as many as 84% of all
adults in Norway could exhibit two or more CVDs
or risk factors and thus be considered in need of in-
dividual clinical attention, raising several practical as
well as ethical questions.””

Data from HUNT1 and HUNT2 showed a signifi-
cant increase of obesity and diabetes in the popula-
tion.”" More surprisingly, data from HUNT2 showed
no association between hypothyroidism and depres-
sion and anxiety’® and that high blood pressure was
not associated with headache.”> Moreover, despite
the belief in healthy effects of cod liver oil intake,
there was a negative dose-response effect between
childhood intake and adult bone density.”* HUNT
data have also questioned seasonal variation of in-
somnia symptoms’> as well as gender differences in
prevalence of depression.”® Data have showed that
commonly used prediction equations for spirom-
etry underestimate normal lung function’’ and
that use of inhaled corticosteroids for obstructive
lung disease was associated with increased bone
loss at the forearm, but should nevertheless not
give any clinical concerns as to unwanted effects
on bone.”®

Social epidemiological studies have shown that
socio-economic inequalities in health in the HUNT
population are comparable with those of other

2102 ‘6T BnBny uo PISeAIUN abjedexsueliAINIeN s Iue L SeBIoN e /Bio'sfeuinolpiojxoali//:dny wolj pepeojumoq


http://ije.oxfordjournals.org/

8 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Northern European populations,” and have disen-
tangled mechanisms behind socio-economic inequal-
ities in mortality'> and the high impact of social
factors on work-related disability.'> The HUNT Study
has also contributed to important ethical discussions
regarding population based epidemiological stu-
dies.*®*" A complete list of publications can be
found on HUNT website (www.ntnu.edu/hunt).

What are the main strengths
and weaknesses?

The HUNT Study has several strengths: It covers a
total population aged 20-100 years within a specific
geographical area, including coastal and inland muni-
cipalities with different characteristics. HUNT has a
wide age range, thereby covering groups of people
with different cohort exposures. Data in each survey
have been collected over a 2-year period, enabling
studies of seasonal variations in health.”> HUNT data-
bank includes data on an extensive range of topics
(>5000 variables). Another obvious strength is that
all data are linked to the unique personal identifica-
tion number enabling linkage of data for each indi-
vidual, and linkage to a number of local, regional and
national health registers, with nearly complete
follow-up data. The participation rate was exception-
ally high in HUNT1 and very good or acceptable in
most age groups in HUNT2 and HUNT3. HUNT3 was
a 22-year follow-up of HUNT1 and 11-year follow-up
of HUNT2 with a carefully considered combination of
identical or similar questions and assessments and
new topics.

In HUNT3, a state-of-the-art biobank was estab-
lished, with storage facilities that ensure availability
of the biomaterial for research decades ahead. The
inclusion of adolescents aged 13-19 years (Young-
HUNT) since 1995, as well as the linkage to the
Family Register, makes it possible to establish family
trees including three generations for a large number
of participants.

About 10% of the participants in the HUNT3 Survey
were recommended a clinical check-up with their
family doctor. Presumably, most of the participants
benefited from this health intervention. On the
other hand, health examinations might contribute to
dilemmas associated with screening, such as risk
focusing, false positive/negative identification and
medicalization.*> However, the Regional Committee
for Medical and Health Research Ethics agreed with
the HUNT3 management group that the benefits and
opportunities in the HUNT Study far exceeded the po-
tential disadvantages for some individual participants.

Epidemiological observational studies are a minor
ethical challenge compared with human experiments.
During the 27 years of HUNT follow-up management,

there has been no report of threats to personal pro-
tection or privacy regarding the HUNT Study.
Nevertheless, the Norwegian legislation and the case
considerations by the public authorities have been
constantly changing, complicated and time-consum-
ing for researchers.”” A new Norwegian Health
Research Law that became operative on 1 July, 2009
simplified the use of (strictly defined) health registers,
making only one public authority, the Regional
Committee for Medical and Health Research Ethics,
responsible for project approvals. However, when re-
searchers need to link data to non-health public regis-
ters, like registers for social security benefits, family
linkage, income and education, the approval proced-
ures are still complicated.

Over the past 27 years, 153545 subjects (including
adolescents) have been invited to the HUNT surveys.
Data are available from 126159 participants (82%)
with a total of over 5000 variables. HUNT3, adding a
large amount of new data to the database, rendered
new data storage facilities necessary. A relational data-
base has been developed where data and meta-data are
integrated, facilitating consistency, integrity and im-
proved quality assurance. During this process, old and
new data have been quality assured, and variable-spe-
cific information stored in metadata. Further, all vari-
ables have been given names consisting of a prefix,
which consists of question and measurement abbrevi-
ations, and a suffix indicating the source of data (as
HUNT Study, study part, type of data question/inter-
view/measurement/administrative) and whether the
data were original or constructed. The metadata include
information about previous use of the variable, pivotal
references and whether what is part of validated ques-
tionnaires or specifications of equipment used. The
quality assurance of data and inclusion of metadata
will continue in the coming years.

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

Data from the HUNT Study are available for researchers
who satisfy some basic requirements (www.ntnu.edu/
hunt) whether affiliated in Norway or abroad. To pro-
vide the researcher or research group exclusive rights,
the HUNT Research Centre signs a contract with the
research institution in charge. The exclusive rights are
connected to a specific publication plan based on an
application form, a scientific protocol, an ethical ap-
proval, other necessary approvals (if any) and a variable
specification list.

More details about the contents of the question-
naires and clinical measurements can be found on
our website (www.ntnu.edu/hunt).

Conflicts of Interest: None declared.
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KEY MESSAGES

Among a range of outcomes, the HUNT Study has found the following

e A strong increase of obesity and diabetes has been observed in the Norwegian population since the
1980s. Previously unknown genetic susceptibility not only for diabetes but also for cancers and other

common diseases has been revealed.

e HUNT data have showed that lung X-ray screening for detecting tuberculosis is as ineffective and
that commonly used prediction equations for spirometry underestimate normal lung function.

e Population-based screening for detecting hypertension was found to be ineffective in the 1980s.
Publications have also raised important questions about the applicability of international guidelines
for prevention of CVDs and contributed to important ethical discussions regarding population-based

epidemiological studies.

e HUNT data have shown the great impact of social factors on health and work-related disability and
that the socio-economic inequalities in health in the HUNT population are comparable with those of

other Northern European populations.

e Up to May 2012, ~600 scientific papers and 78 PhDs based on data from the HUNT Study have been
published, covering a wide range of scientific disciplines.
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