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Why was the cohort set up?

The Northern Finland Birth Cohort 1966 (NFBC1966),
originally named ‘Northern Finland Premature Birth
Study’, was started in 1965 by Professor of Pediatrics
Paula Rantakallio to respond to the prevalent problems of
perinatal mortality and morbidity in relation to low birth-
weight."? Specifically, the project was initiated to: (i) iden-
tify a variety of maternal biological, behavioural and
socioeconomic risk factors involved in preterm birth and
intrauterine growth retardation; and (ii) study the conse-
quences of these early adverse outcomes on children’s sub-
sequent morbidity.

This cohort profile describes the recruitment of the
NFBC1966 and follow-up studies until the age of 46 years.
The prospective data form a unique resource, located at
the University of Oulu in Finland, which allows for

studying the life course origins of health as well as the inci-
dences and clustering of diseases and their genetic, biologi-
cal, psychosocial and behavioural backgrounds. The
follow-ups of the cohort participants will continue with
University of Oulu support for the NFBC infrastructure.

Who is in the cohort?

The NFBC1966 was set up in the two northernmost prov-
inces of Finland, Oulu and Lapland, which together cov-
ered an area equivalent to 48% of Finnish territory and
13.2% of population in 1966, i.e. a selected area of
160 000km? with approximately 604 000 inhabitants
(Statistics Finland: https://www.stat.fi). All mothers with
expected dates of delivery between 1 January and 31
December 1966 were recruited. The data were collected at
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Key Features

their parents.

5832).

www.oulu.fi/nfbc/].

* The Northern Finland Birth Cohort 1966 (NFBC1966) was originally set up to identify a variety of maternal biological,
behavioural and socioeconomic risk factors involved in preterm birth and intrauterine growth retardation, and to
study the consequences of these early adverse outcomes on children’s subsequent morbidity.

* At baseline, all mothers with expected dates of delivery between 1 January and 31 December 1966 were recruited
from the two northernmost provinces in Finland. The NFBC1966 study population comprised 12 231 children and

* The follow-ups have been conducted at four different time points, i.e. at 1, 14, 31 and 46 years of age. Participation
rates in the latest follow-up were 69% for the questionnaires (n = 7146) and 57% for the clinical examination (n =

Collected data include prenatal and early life measurements and information on motor, social, psychological and
mental development in childhood. In adulthood, data on social background, lifestyle, medication, diagnosed diseases,
organ-specific and psychiatric symptoms, workload and occupational health, economy, personal traits, functioning,
quality of life, use of health services and family history of diseases.

* NFBC data are used widely in international collaboration projects.

* Permission to use the data for research purposes can be applied for via the electronic material request portal [https://

157 antenatal clinics of the district by a trained staff of
188 local midwives. Mothers were recruited based on the
calculated expected date of delivery at the first antenatal
visit. The gestational age was determined either from the
first day of the last menstrual period or from the expected
due date estimated from the date of commencement of fe-
tal movements and progress of the pregnancy.! A total of
12 055 mothers were recruited in the study. In total, there
were 12 068 deliveries (13 mothers had two deliveries dur-
ing the recruitment period), which included the births of
12 231 children included in the cohort. Those born in
1966 (n=11 979) comprised 95.6% of all children born in
the area (n=12 527 according to Statistics Finland). A
small portion of the births occurred towards the end of
1965 (n=189) and early 1967 (n=63), i.e. children born
before or after the expected date of birth. The study cov-
ered all live-born infants and stillborns (z=173) with
birthweight of 600 g or more. Finally, 12 058 live-born
children were included in the follow-ups, i.e. 5890 girls
and 6168 boys, of whom were 314 twins (see Table 2 un-
der ‘Loss to follow-up’).

How often have they been followed up and
what has been measured?

Each follow-up study of the NFBC1966 has been evaluated
by the regional ethical committee of the Northern
Ostrobothnia (EETTMK  94/11,
17.09.2012).

Hospital  District

The first set of data available for the NFBC1966 dates on
average from the 16th gestational week (maternity card data
transferred into cohort databases). Questionnaires on socio-
demographic-, lifestyle- and disease-related factors were col-
lected at antenatal clinics during the 24th to 28th gestational
weeks (89.9% of the mothers) and, in cases of non-atten-
dance during those weeks, were completed later in preg-
nancy or after delivery (10.1%).! The follow-ups for the
whole cohort have been conducted at four different time
points i.e. at 1, 14, 31 and 46 years of age. The latest clinical
follow-up was completed on 1 March 2014. Contact details
were updated from the Finnish Population Register Centre
(Digital and Population Data Services Agency since January
2020). Linkages with national register-based data provide
further information on health between the follow-ups and
are currently available until the age of 50 years. The follow-
up and the attrition in the NFBC1966 are described in
Figure 1 and later in the text. Since 1966, the cohort partici-
pants have migrated within the country especially towards
southern Finland, and this provides an opportunity to study
aspects of geography and health (Figure 2).

In the beginning, the research in NFBC1966 focused on
low birthweight. Since then, multiple research areas have
emerged in a wide range of health-, society- and demogra-
phy-related categories. As a general overview, the first fol-
low-ups during infancy and childhood until the age of
14 years covered research areas associated with motor, so-
cial, psychological and mental development and related
aspects of health.>* Whereas the early follow-ups were
only questionnaire based, the extensive follow-up studies
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Figure 1 The flowchart of the Northern Finland Birth Cohort 1966 study.
Target population at each time point consists of all original cohort
members alive with a known address

in adulthood (at 31 and 46years of age) included both
questionnaires (web-based filling optional at 46 years) and
clinical examinations. Parental factors and data collected
at birth and in the follow-up studies are presented in
Table 1 as well as on the cohort website [https:/www.
oulu.fi/nfbc]® together with the detailed study protocols
for clinical examinations. Prospects of each phase of the
follow-up are briefly described below.

1-year follow-up

The children attended regular visits to the welfare clinics
(on average 10 visits during the first year), where their de-
velopmental data were collected. At the 1-year child wel-
fare clinic visit, which included doctor and public health
nurse examinations, the research forms were filled in by
the public health nurses. At this stage, 11 870 (98.4%) of
the cohort members were alive. In 95% of the cases, infor-
mation was collected by the age of at least 11.5 months
(the mean age was 1 year and 10 days).

14-year follow-up

In 1980, when the cohort members were 14 years of age, a
survey regarding their health and physical condition was
conducted. Questionnaires were completed primarily by
the teenagers themselves (=11 010). If they did not an-
swer, a shorter questionnaire was sent to the parents
(n=389). Finally, information was collected from the
schools (17 =354) if there was no response from the family.
Of the whole cohort, 94% of children attended school at a
level appropriate for their age (normal class or above),
3.8% attended a class below their age and 2.2% either
attended a school specialized for children in needs or had
been exempted from compulsory education.

31-year follow-up

The 31-year field study in 1997 focused on somatic and
mental health and work ability in the NFBC1966. It in-
cluded postal questionnaires and a clinical examination.
The questionnaires were sent to all individuals with a
known address in Finland (10 631) and abroad (695), and
later for a group whose addresses were obtained later
(215). The clinical examination was performed only
among individuals living in Northern Finland (7209) and
the Helsinki area (1284). In total, 75.3% answered the
postal questionnaires and 70.7% of the target population
participated in the clinical examination. In all, 5973 cohort
members both filled the questionnaire and participated in
the clinical examination.

The clinical examination was performed by trained pro-
fessionals and included measurements such as anthropo-
metric parameters, blood pressure, physical performance,
skin allergy (prick test) and spirometry. In addition, over-
night fasted blood samples were collected, and many hor-
mones, cytokines and metabolic parameters have been
analysed. White blood cell DNA was extracted, and ge-
nome-wide genotyping performed (Illumina Human
CNV370-duo Bead Array).®

46-year follow-up

In 2012, at the age of 46 years, all cohort members who
were alive and living in Finland with a known address
(mn=10 331) were invited to participate in a large health
examination that consisted of both questionnaires and clin-
ical examination. The four questionnaires were named as:
(i) Background, lifestyle and health survey; (ii) Economic,
working life and resources survey; (iii) Opinions and expe-
riences; and (iv) Supplementary questions. Together they
included items about social background, lifestyle (sleep,
smoking, physical activity and nutrition), medication,
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Figure 2 The proportional symbol map of the place of residence of Northern Finland Birth Cohort 1966 members in Finland at the time of birth (moth-
er's address) and 14-, 31-, and 46-year follow-ups. Places with five or less cohort members are not shown. Figure was created with QGIS 3.8 (QGIS
Development Team, 2019, QGIS Geographic Information System, Open Source Geospatial Foundation: http:/qgis.org)

diagnosed diseases, organ-specific symptoms (musculoskel-
etal, gastrointestinal, ophthalmological, dental, respira-
tory, neurological, dermal and gynaecological symptoms),
psychiatric symptoms (depression and anxiety), workload
and occupational health, economy, personal traits, func-
tioning, quality of life, use of health services and family
history of diseases. Questionnaires were received from a
total of 7146 cohort members. In all, 5055 subjects
(70.7%) answered all four questionnaires, with variation
from 5643 to 6834 between different parts (Figure 1).

Basic clinical health examinations were offered by post
to all cohort members and performed by three research
nurse teams in 36 towns all over Finland (n=5832).
Examinations comprised, for example, anthropometric
parameters, brachial blood pressure, physical performance,
15-lead electrocardiogram, heart rate variability test, pres-
sure pain threshold and tolerance test (Somedic AB,
Horby, Sweden), skin allergy test (prick test), spirometry,
oral glucose tolerance test (0-, 30-, 60- and 120-min sam-
ples), cognitive test (Paired Associative Learning test, PAL,
Cambridge Cognition, Cambridge, UK) and objective
measures of physical activity and sleep through a 2-week
accelerometer measurement using the wrist with Polar
Active (Polar Electro Oy, Kempele, Finland) and using the
hip with Hookie AM20 (Traxmeet Ltd, Espoo, Finland)
with a diary. In addition, a randomized sample of 3070
subjects attended ophthalmological examination.

A more detailed clinical examination was performed for
a subpopulation living in the area of Oulu (Table 1). This
included thermal perception threshold and tolerance tests,

detailed dental examinations with dental 3 D scanning and
orthophantomogram (OPTG), central blood pressure, au-
tonomic nervous system tests, heart (echo) and carotic ar-
tery ultrasound, radiography of knees, ankles and feet,
spinal and ankle movement tests, lower back movement
control impairment tests and sciatica-neurology tests. In
addition, lumbar magnetic resonance imaging (MRI) was
performed for 1534 subjects.

Biological samples (blood, feces, urine, saliva and hair)
were obtained from all who attended clinical examination.
DNA has been extracted from samples collected at 46 years
of age enabling, for example, the analyses of repeated
measures of DNA methylation and telomers at 31 and
46 years of age in relation to changes in health/disease.

At 46-year follow-up, of those who participated in the
clinical examination, the majority (z= 5822) answered at
least one of the questionnaires. A total of 4016 answered
both 31-year and 46-year questionnaires (at least one) and
participated in both clinical examinations.

Subpopulation follow-up studies

Several small follow-ups have emerged from the large fol-
low-up studies performed in NFBC1966. These have been
conducted to get more detailed information in relation to
specific issues, for example neurological diseases or oph-
thalmological and hearing-related defects. These subpopu-
lation studies are described in the Supplementary Table S1,

available as Supplementary data at IJE online.
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Linkage to national registers

Using Finnish individual social security numbers, the data
from NFBC1966 follow-ups have been linked with infor-
mation obtained from various Finnish national registers,
such as the Population Register Centre, Finnish Centre for
Pensions, Statistics Finland, Social Insurance Institution of
Finland, Finnish Institute for Health and Welfare and
National Board of Education.

Loss of follow-up and missingness

The participation in different follow-ups has ranged 69%
and 94% regarding questionnaires and 57% to 71% re-
garding clinical examinations. The attrition analyses were
conducted using variables from the first questionnaire and
from registers. Information about family socioeconomic
status and mother’s education and area of living was
obtained at the baseline of the cohort. Information about
cohort members’ socioeconomic status (SES), employment,
education, marital status and their own offspring was
obtained from Statistics Finland. More detailed informa-
tion on the attrition analyses is presented in Table 2.

In the follow-ups conducted when the cohort members
were children, the participation rate was excellent. A total
of 10 821 (91.2%) children participated in the 1-year fol-
low-up. The participation was somewhat higher among
girls than among boys and differed according to the fam-
ily’s SES: those with no occupation participated less. The
number of participants in the 14-year follow-up was
11 010 (93.6%). Again, girls participated more than boys
and the participation differed according to family’s SES
(those with no occupation participating less and those with
higher SES and farmers participating more). Those who
lived in rural areas participated more than those who lived
in towns, and children of higher-educated mothers partici-
pated more than children of lower-educated mothers.

In the follow-ups that took place in adulthood, the par-
ticipation rate was bit lower. A total of 8690 (75.3%) co-
hort members of the target population answered the 31-
year postal questionnaire: women answered the postal
questionnaire more often than men, the participants were
less often unemployed, they were more often from higher
social class and with higher education. The participants
were also more often married and had children. In all,
6007 (70.7%) cohort members participated in the 31-year
clinical examination. Similarly, women were more likely to
participate, they were more rarely unemployed, more often
from higher social class or farmers and with higher educa-
tion. Again, they were more often married and had chil-
dren. More detailed attrition analyses of the 31-year

follow-up regarding non-participation among cohort mem-
bers with psychiatric disorders have been reported earlier.”

In the 46-year follow-up, 7146 cohort members
(69.2%) answered the postal questionnaires. The partici-
pation rates in the four different questionnaires were
66.2%, 65.2%, 55.9% and 54.7%, respectively. Overall,
women participated more often than men. The participants
were more often employed, married and with children.
Cohort members with higher SES and higher education
participated more often than the others. In the 46-year
clinical examination, the participation rate was 56.5%
(n=5832). Again, the participants were more often
females, employed and from higher social class. They were
also more likely married and to have children and higher
education.

What has it found? Key findings and
publications

The Northern Finland Birth Cohort 1966 has been ana-
lysed by researchers from a wide range of medical, biologi-
cal, social and environmental disciplines. There have been
many important findings with substantial impact which
have been derived directly from the analysis of the NFBC
data, resulting in over 1500 peer-reviewed articles or
reports. A detailed list of all publications can be found on
the NFBC webpage [http://www.oulu.fi/nfbc/publications].
We present here some of the key findings emphasizing the
diverse and longitudinal characteristics of the cohort.

As one of the most influential early findings,
NFBC1966 established for the first time in a prospective
study the association between maternal smoking in preg-
nancy and the risk of low birthweight.> With later follow-
up data, an association between a wide range of early
growth measures and blood pressure (BP) at the age of 31
was shown, supporting the role of fetal environment and
early life events in the aetiology of BP.* The NFBC1966
early life data remain an invaluable reservoir for linking
early life exposures to later health, as demonstrated
through recent evidence in a meta-analysis suggesting that
DNA methylation may represent a biological mechanism
through which exposure to maternal smoking is associated
with cardiometabolic risk factors and psychiatric morbid-
ity later in life.” Early life trends in adiposity [body mass
index (BMI) and age at BMI peak and rebound) have also
been associated with cardiovascular autonomic function in
mid-life."”

The latest follow-up study with extensive clinical data
at 46 years of age has resulted in novel findings showing,
for example, that low-grade inflammation is associated
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with several skin diseases such as atopic eczema and ony-
chomycosis.!" It has also been shown that there is an asso-
ciation between metabolic syndrome and periodontal
disease, as indicated by deepened periodontal pockets and
bone loss.'? In addition, with objectively measured physi-
cal activity (PA) four distinct clusters were recognized re-
garding daily temporal patterns of PA and risk for
cardiovascular disease. "

The NFBC data have enabled new openings in advanc-
ing methodology in life course modelling. This is exempli-
fied by the pioneering combination of genetic information
with growth modelling analysis.'* This modelling identi-
fied a subgroup at very high risk of becoming overweight,
to be considered in public health settings dealing with obe-
sity prevention. A meta-analysis including the NFBC1966
unravelled for the first time the stratification of early body
mass index (BMI) development according to FTO geno-
types.'> Methodological development has also been per-
formed in systems epidemiology with collected biological
samples such as a urine nuclear magnetic resonance
(NMR) metabolomics platform developed for large-scale
studies.'®

Extensive research in NFBC1966 has been performed
on psychiatric diseases and mental health, especially in
schizophrenia. A systematic review of 77 original schizo-
phrenia research articles conducted in NFBC1966 before
September 2014 was published few years ago.'” These
studies showed several risk factors associated with schizo-
phrenia such as unwanted pregnancy,"® childhood central
nervous system viral infections,'” familial risk for psycho-
sis”” and an antenatally depressed mother.? Other psychi-
atric studies in NFBC1966 have, for example, reported
depression associating with obesity,”" insulin resistance,”*
atopy”> and C-reactive protein levels.”* A recent study
showed generalized anxiety disorder and somatic symp-
toms associating with frequent health care use.”’

Research with the longitudinal NFBC1966 data from
young adulthood to middle age supports the evidence for a
strong association between health and functioning in the
society and for the complex biopsychosocial determinants
of health. For example, long-term and emerging obesity in
mid-adulthood was shown to increase the risk of poor
work ability,?® and impaired glucose metabolism was asso-
ciated with diminished participation in working life.>” On
the other hand, long-term unemployment may predispose
to type 2 diabetes.”® In the European Union (EU)-funded
project, DynaHEALTH, biopsychosocial predictors of
blood glucose in middle age were studied with a systematic
data-driven approach, providing methodology for studying
complex origins of diseases with a variety of biological and

psychosocial factors.?”

What are the main strengths and
weaknesses?

The main strength of NFBC1966 is in its prospective set-
ting and good participation rates (above 50% after
46 years of follow-up). It is a large, population-based birth
cohort that comprised nearly 97% (12 231) of all children
born in northern Finland in 1966, already with systemati-
cally collected high-quality follow-up data since the preg-
nancy. Over the years, the study protocol has extended
from its perinatal and paediatric roots to cover a wide se-
lection of topics on life course health and well-being, to ad-
dress timely international and regional scientific interests.
In particular, the wide variety of biological samples, taken
at two different time points 15 years apart, provides an ex-
ceptional setting for longitudinal study designs combining
early life measurements with adult clinical data. The exten-
sive Finnish national registers and possibility to link infor-
mation via individual social security number offer
important additional sources for multidisciplinary research
to address major issues of public health such as metabolic,
psychiatric and musculoskeletal problems and multimor-
bidity. A limitation is, however, that register data have
originally been collected for other than research purposes
and might not always be optimal for all research questions.

Despite the very high participation rates in the early
years of the study, the study has had to face the trend of de-
clining participation rates and loss of follow-up, as in
many studies. Still, the participation rates in the latest fol-
low-up study at 46 years of age were up to 69% for the
questionnaires and 57% for the clinical examination,
highly comparable with the participation rates in cross-sec-
tional European health examination surveys.’® There are,
however, differences between participants and non-partici-
pants (Table 2) in each follow-up, which must be taken
into account in analyses.

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

A detailed description of the NFBC1966 data collection is
available at [https://www.oulu.fi/nfbc/].> General informa-
tion is provided about each individual follow-up study to-
gether with the questionnaire forms used (in English when
possible) and a list of variables formed. Permission to use
the data for research purposes can be applied for via elec-
tronic material request portal. In the use of data, we follow
the EU general data protection regulation (679/2016) and
Finnish Data Protection Act (1050/2018). The use of data
is based on cohort participants’ written informed consent
at their latest follow-up study, which may cause limitations
to its use. Different research areas are described on the
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cohort web page together with a list of contact informa-
tion. Opportunities for collaboration are welcomed.

Supplementary Data

Supplementary data are available at IJE online.
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