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Abstract

The purpose of this review is to provide a detailed and updated description of the FinnTwinl16 (FT16) study and its future directions. The
Finnish Twin Cohort comprises three different cohorts: the Older Twin Cohort established in the 1970s and the FinnTwinl2 and FT16
initiated in the 1990s. FT16 was initiated in 1991 to identify the genetic and environmental precursors of alcoholism, but later the scope
of the project expanded to studying the determinants of various health-related behaviors and diseases in different stages of life. The main
areas addressed are alcohol use and its consequences, smoking, physical activity, overall physical health, eating behaviors and eating disorders,
weight development, obesity, life satisfaction and personality. To date, five waves of data collection have been completed and the sixth is now
planned. Data from the FT16 cohort have contributed to several hundred studies and many substudies, with more detailed phenotyping and
collection of omics data completed or underway. FT16 has also contributed to many national and international collaborations.
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During the past 30 years, the FinnTwin16 (FT16) study has created a
rich longitudinal dataset of a well-characterized population-based
sample of twins. In addition to providing valuable longitudinal
data on twin pairs, FT16 offers data on population level because
it is register-based with high participation rates yielding epidemio-
logical data on a well-defined demographic group in Finland.

The National Institute on Alcohol Abuse and Alcoholism (of
the US National Institutes of Health) provided funding for the
initiation of the FT16 study in the 1990s. The original aim was
to identify genetic and familial, and extrafamilial environmental
precursors of alcoholism. The FT16 dataset has offered valuable
information on different factors related to alcohol use/abuse and
has expanded to include several different research areas linked
to health-related behaviors and disease. In the five rounds of data
collection executed thus far, the most prominent research areas in
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addition to use/abuse of alcohol and its long-term consequences
have been smoking, physical activity, overall physical health, eating
behaviors and eating disorders, weight development, obesity, life
satisfaction and personality. This review focuses on research areas
that have been a focus since 2010, but does not comprehensively
review every study and publication that has been completely or
partially based on the cohort data. In addition to continued
follow-up of alcohol exposure, these key research areas include
physical activity, eating behaviors, eating disorders, weight devel-
opment and obesity.

Studying Health Behaviors in Adolescents and Young
Adults (Waves 1-4)

Driven by the goal to better understand the developmental course
of health behaviors from midadolescence into adulthood, we
initiated the FT16 study in 1991 with a baseline assessment of
five consecutive birth cohorts of 16-year-old twins born during
1974-1979 and ascertained from the Central Population
Register of Finland. For the first round of data collection, we
contacted 3215 twin pairs with both co-twins alive, resident in
Finland at the time of baseline assessment and living with one
or both parents (see Table 1 for more information). For the

© The Author(s) 2019. This is an Open Access article, distributed under the terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.1017/thg.2019.106 Published online by Cambridge University Press


mailto:jaakko.kaprio@helsinki.fi
https://doi.org/10.1017/thg.2019.106
https://doi.org/10.1017/thg.2019.106
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/thg.2019.106
https://doi.org/10.1017/thg.2019.106

Twin Research and Human Genetics

W Nl 9| <
n [ Hlo|4l=|<
o | ~|IK|wvlo| =
Ron R e B B B A B |
M (| || A<
Lo S I T A O S B S
© |||~y Z
N | o|ld|lwvwoldl<|<| o @
0 [ Sf|lm|dlo| S| S| 2o
~ | w0 ZZ|I| O
N | NN N A ~
© | w| Y|, o [ 0
g 1288133 Z/2 2R
S ||| oo Z|~]| 2|~
N | NN NN ~
~ |olo|o
© N| = @
— | = | N
& O TS DY R e ITY
SRR IR IR
= | 2 =2 X2 < | | | =
o Bl B~ e B N B P T =
- | SlH|la|lY <=2 %2
S |elele|ZF Llel s
REEEREFEEEEE
S | ~|®
v—|v—|.—|§m < | ¥ N
0o |wlir~|lo(~|dl vl o] o
K~ (S|l F|ola|v|lT|o|A
c [ I ol B o o B B O B S B S S BN
o [To B Y2 T Ao B I T B N T o B oV SV B
2
O
)
©
o
©
=
©
o
- o | o o S| N|lN| ||
S o | 1 |l M|l v|lo| k| o~
< | el e e I 0 T A I e B B =2 B 5 0}
9 © |0 ol ®m|lm| o o A
>
©
=
]
=
=
c o olo|lolo| o M| =
= ~ NN RN © | | ®
© ) olo|loalo|® D D
15 A I I IR IR Bl = el Bl By
< T (¥ T (¥ | T 2|
o ~ ~i~| =~ | NN
o [ olo|lalo| o ol o o
c Lo T I B I B O B O B | | = | -
s
=
©
—
£
] © ||l v| ol v
= o | olo|old|ld|l oo
= > | o|lo|Slo|o|oo| o
< A I i I I A o A ol B
i o |||l 9o|lo|lo| d| d| d|d
o | ol d|ldlolo|o|an
] > | olo|Slo|o|ao| |
E - | A A N| N N| A A |~
“—
1S)
w
=
2
2 — N[O 0| =
9]
2
£
b=l
c
©
w
o o
= =
2 2 o
c c
<] o o =
= = o =
8 8 = g
g g o|lZ|o|ol& Q0O
o S |90 R E|lely B w2
. © ([ N~| O gy | O | E| €| 0
- '_"_"_'C*"ch)"c
el QS 8 =
[)] v | |l v S| © Sl 2|3
-— Oy O W| Ol = | ©| © © | =
2 <Z|<|<|>|=|a|a|l=|a|lnr
[

https://doi.org/10.1017/thg.2019.106 Published online by Cambridge University Press

Note: At baseline, a family questionnaire was completed by the parents about the twins’ birth and childhood, parents replied to a questionnaire about themselves and their own parents, and somewhat later the older siblings of the twins were contacted.

531

Table 2. Number of families informative for transgenerational and longitudinal
analyses

Both parents replied at baseline 1969 624 638 657 50

At least one parent replied 2351 754 759 779 59
at baseline

At least one parent and at least 807 240 276 271 20
one sibling replied at baseline

Note: Inclusion criteria are that the twins have replied to at least one of the three adolescent
questionnaires and to at least one of the two adult questionnaires. This provides longitudinal
data while adding parents with or without an older sibling provides transgenerational infor-
mation. MZ = monozygotic twin pairs; SSDZ = same-sex dizygotic twin pairs; 0SDZ = opposite-
sex dizygotic twin pairs; XZ = twin pairs with uncertain zygosity.

representativeness of the data, we also included the Swedish-
speaking minority (around 5.2% of the Finnish population in
2018; Official Statistics of Finland, 2019) in the study, with all
questionnaires in the mother tongue of the participant. Ten waves
of the baseline questionnaire were sent each of the 5 years, timed
to twins’ birthdays, to achieve rigorous age standardization.
The twins’ parents were sent individual questionnaires at
baseline, and one older sibling was included in some families
(see Table 2). The twins completed the second- and third-wave
questionnaires when they were 17, timed to the twins’ birthdays,
and 18.5 years old, within a 3-month target of this mean age,
respectively. We administered the fourth-wave questionnaire
when the twins were young adults, telescoping the data collections
for each birth year to a 6-month period during 2000-2002 (age 24
on average; Kaprio, 2006), but with some questionnaires being
returned in early 2003.

The items in the first questionnaire focused on health habits,
including alcohol consumption and attitudes, tobacco use,
physical health, physical activity and eating habits. The twins’
personalities and relationships with their co-twins were assessed.
The parents completed a family questionnaire on the twins’ birth,
infancy and childhood experiences. The parents and some older
siblings also completed individual questionnaires about their
own health habits, substance use, lifestyle and personality.
Zygosity was determined using the questionnaire method on
similarity of appearance in childhood and confusion by strangers,
with use of complementary items supplied by the parents. The
procedure and first distributions are reported by Kaprio et al.
(1995). Later, we have confirmed zygosity using genetic marker
sets in 603 pairs to date.

For each wave, the number of twins genotyped or with
methylation data is listed in Table 3; for the most part, DNA
samples have been collected in later clinical subsamples, and hence
are not contemporaneous with the major study surveys.

As research interests expanded and new areas relevant to the
twins’ life stage emerged, we added new research topics to the
fourth-wave questionnaire. In addition to the topics covered in
previous rounds, the fourth-wave questionnaire included items
related to overall life satisfaction and mental well-being, romantic
relationships and sexuality, place of residence, oral health and
eating disorders. The eating disorder items aimed to identify
symptoms of disordered eating, and based on these items, a
selected group of participants was screened for eating disorders
(for more details, see Keski-Rahkonen, Hoek et al., 2007; Keski-
Rahkonen et al., 2006). Data on alcohol consumption, physical
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Table 3. Number of deaths and the numbers genotyped or with methylation data, and the number of pairs genotyped on genome-wide array

Age 16 Q 86 1228 305 290 321
Age 17 Q 80 1200 299 283 312
Age 185 Q 78 1207 302 280 317
Young adult Q 50 1215 302 277 318
Mid-thirties Q 17 1071 278 236 241
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Fig. 1. The combinations of responses to the questionnaires.

activity, overall physical health, weight, eating habits, religiosity
and studies/work were expanded with new, more detailed items.
We also asked the twins to measure their waist circumference with
a measuring tape sent alongside the questionnaire.

For a more detailed description of the first four waves of the
FT16 study, see Kaprio (2006, 2013) and Kaprio et al. (2002).

To study metabolism and obesity in more detail, the TwinFat
substudy was initiated during the fourth wave. It included twins
from the FinnTwin12 cohort (FT12; Kaprio et al., 2002) and the
FT16 cohort. The twins were chosen based on their body mass
index (BMI), with the aim to cover the full BMI range of both
normal weight and obese participants and a full range of within-
pair differences in BMI. For more information, see Bogl et al.
(2016) and below.

Studying Health Behaviors in Twins in Their Thirties
(Wave 5)

To expand the valuable longitudinal dataset already gathered, the
fifth wave of the FT'16 study included many of the same research
topics as the previous rounds. New supplements were reading
disabilities, handedness and physical activity-related motivation.
In addition, personality was reassessed with a different measure
than in the baseline assessment. It was also important to include
topics related to the life stage of the twins now in their thirties,
and thus we inquired about romantic relationships, offspring
and fertility intentions. The twins’ partners were also included
in the fifth wave.

https://doi.org/10.1017/thg.2019.106 Published online by Cambridge University Press
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Another new supplement was the administration of an
internet-based battery of neuropsychological tests on spatial
ability, memory and reading speed to selected participants.
Some of the partners were asked to administer the same battery
of neuropsychological tests.

The data collection of the fifth wave was initiated in May 2010
with a pilot study and continued October 2010-November 2011
for Finnish-speaking subjects and spring of 2012 for Swedish-
speaking subjects. The twins were now aged 32-38 (mean age at
response 34.1 years). As opposed to the previous waves conducted
with mailed questionnaires, the fifth wave was conducted using
internet-based questionnaires.

The cohort has over 3000 twin pairs, and the invitation for the
fifth round of data collection was sent to all twins living in Finland
irrespective of previous participation, excluding the ones who had
previously declined participation. This was done to update all
cohort members of their inclusion in the cohort as adolescents
and to permit them to withdraw from the study if they chose to
do so. Of the 6134 twins that were contacted, 4407 responded,
which gave a response rate of 71.9%. Combinations of responses
from the participants to questionnaires in all the five waves can
be seen in Figure 1. For the neuropsychological tests, we received
responses from 1391 participants.

The partners of the twins completed their internet-based
questionnaire using a fully anonymous code, supplied in a closed
envelope to the twin to be given onward to the partner. Altogether,
1949 of the partners responded and spouse pair responses (i.e.,
both twin and spouse responded) were obtained from 1826 dyads.
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Results for the neuropsychological tests were obtained from 710
partners and 677 spouse pair dyads.

To study how physical activity level is associated with body
composition, glucose homeostasis and brain morphology in young
adult male monozygotic (MZ) twin pairs discordant for physical
activity, the FITFATTWIN substudy was initiated during the fifth
wave. For more information, see Rottensteiner et al. (2015).

Measures of Overall Health

The items related to health covered the respondent’s self-
assessments of health, self-reported symptoms and diseases, use
of medicine and sick leave.

Self-rated health was assessed with one item (‘How would you
describe your current state of health?”) with five response
alternatives that allowed the respondent to estimate their health
from ‘Very good’ to ‘Poor.” Self-related health in the previous
waves of this cohort is further elaborated in Silventoinen
et al. (2007).

The questionnaire also included questions addressing
musculoskeletal pain that were modified from a questionnaire
developed by Mikkelsson et al. (1997). The items inquired whether
and how often the respondent had had pain or aches during the
previous months in the neck-shoulder region, lower back and
stomach. In addition, the questionnaire inquired about headache,
problems falling asleep or waking up and nervousness.

Backache symptoms were surveyed in three ways, including
frequency of lower back pain, number of backache episodes lasting
over 1 day and the type of backache at worst. These items were
based on questions used in our study of back pain in the older
cohort (Battié et al., 2007).

In addition, we asked a medical history of 12 different chronic
conditions.

Eating disorders were addressed with a separate item (‘Has
anyone ever thought you might suffer from an eating disorder?’).

We also asked about other chronic physical conditions that
impact daily activities, illness-related absences from work and about
regular medications.

The survey presented to the twins’ partners included three items
related to overall health: one asking for a self-assessment of their
current state of health, one on possible long-term disease affecting
their everyday functioning and one on the quantity of illness-
related absences from work during the past 12 months.

Reading disabilities were screened with three items originally
developed for the Jyvdskyld Longitudinal Study of Dyslexia
(JLD) and shown to be effective in screening for reading and
writing disabilities (Lyytinen et al., 2015). These included asking
the respondent whether they had ever had problems in reading
or writing, whether they learned to read early or late in relation
to their peers and whether anyone in their family had had
problems in reading or writing. These items were also included
in the partners’ questionnaire. These items have been used
to screen participants for a more detailed study of dyslexia-
discordant and concordant twin pairs as part of the JLD study.

Measures of Leisure-Time Physical Activity and Motivation
for Physical Activity

The assessment of leisure-time physical activity level was based on a
series of structured questions on leisure-time physical activity
behavior. The twins reported the frequency, mean duration and
mean intensity of their leisure-time physical activity sessions as
well as their physical activity during journeys to and from work.
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All types of leisure-time and commuting-related physical activity
were taken into account. The items can be used separately, or
the overall activity level can be assessed based on the items by
transforming the items into leisure-time metabolic equivalent
units (METs). The leisure-time METs are created by assigning a
multiple of the resting metabolic rate to each activity, and by
calculating the product of the activity, defined as intensity X
duration X frequency. The overall activity levels are expressed as
the sum score of leisure-time MET hours/day.

The twins also gave a self-assessment of their current physical
fitness by choosing from a 5-point Likert scale. In addition, they
reported the type of sports they participate in on a regular
basis by answering a multiple-choice question that consists of 26
different sports and an open field with space for reporting up to
three additional sports. We also inquired about how physically
demanding their work or studies are, and the daily duration of
physically demanding/physically not demanding hobbies and
housework.

Motives for leisure-time physical activity were assessed
using a modified version of the validated Recreational Exercise
Motivation Measure (REMM; Aaltonen et al., 2017; Aaltonen
et al, 2014; Pajunen, 2004; Rogers & Morris, 2003). The
REMM was initially designed to assess adults’ physical activity
motives, and it is based on self-determination theory (Deci &
Ryan, 1985). The original version of the REMM consists of
73 items representing both intrinsic and extrinsic motives for
leisure-time physical activity. These items form eight dimensions
of 8-13 jtems. In the FT16 study, each of the eight dimensions
was represented by only one item as follows: (1) mastery,
(2) enjoyment, (3) affiliation, (4) competition/ego, (5) others’
expectations, (6) physical fitness, (7) psychological state and
(8) appearance. The motive dimensions of ‘mastery’ and
‘enjoyment’ represent intrinsic motives, while ‘affiliation,’
‘competition/ego,” ‘others’ expectations,” ‘physical fitness,’
‘psychological state’ and ‘appearance’ represent extrinsic motives.
Both the original REMM (Rogers & Morris, 2003) and the Finnish
version of the 73-item REMM (Pajunen, 2004) have been
validated.

Measures of Alcohol and Tobacco Consumption

In the fifth wave, as in all previous waves, patterns of alcohol
consumption were assessed extensively. The frequency of drinking
alcohol was assessed with the same item included in all earlier
FT16 questionnaires (‘How often do you consume alcohol?’);
the nine response options ranged from ‘Daily’ to ‘I do not consume
alcohol.” Another item addressed frequency of high-density drink-
ing (more than five bottles of beer or a similar amount of alcohol
within one occasion), with 10 response options ranging from
‘Daily’ to I do not consume alcohol” A similar item addressed
the frequency of intoxication, asking ‘How often do you get drunk?’
We also asked about the frequency of alcohol consumption during
the past 4 weeks and typical quantity of alcohol consumption on
the days in which alcohol was used. One item addressed the
maximum quantity ever drunk in a 24-h period (further elaborated
in relation to eating disorders in Mustelin et al., 2016).

To address problems with alcohol, we used an 11-item modified
version of the Malmd-modified Michigan Alcoholism Screening
test (MmMAST; Kaprio et al., 2002; Selzer 1971; Seppi et al.,
1992) and the Rutgers Alcohol Problem Index (RAPI; Dick et al.,
2011; White & Labouvie, 1989), which addresses self-reported
alcohol-related problems experienced in the past 12 months. For
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this study, an adapted 22-item version of RAPI was used because
the item related to school and homework was excluded. Both the
MmMAST and the RAPI had been included in the questionnaire
administered at age 24, and the RAPI also at age 18.

Use of illicit drugs was assessed as follows: ‘Have you ever used
hashish, marijuana or other drugs, or for example sniffed glue?’
The five response options ranged from ‘Never to 20 times
or more.

We also asked for current smoking status, use of pipe, cigars
or smokeless tobacco (snus) and experience with illegal drugs
(e.g., cannabis). Smokers completed the Fagerstrom Test for
Cigarette Dependence (Fagerstrom, 2012).

The twins’ partners answered three items related to alcohol
consumption, covering the frequency and magnitude of their
alcohol consumption. We also asked for their current smoking
status.

Measures of Eating Habits

Diet quality was assessed with a short food frequency questionnaire
(FFQ) that included questions on the consumption frequency of
11 different food and beverage items. Another question inquired
about the slices of bread consumed per day separately for dark
bread, mixed flour bread and white bread. The questionnaire
was formulated according to current Nordic (Nordic Council of
Ministers, 2012) and Finnish nutrition recommendations
(National Nutrition Council, 2014) and modified from a short
FFQ that was previously administered to Finnish adults
(Leppila et al., 2010). Based on the short FFQ, we developed a
diet quality score (DQS) where a higher score indicates a better
diet quality. Our study of a subsample from the cohort showed that
a higher DQS was associated with better diet quality, as indicated
by positive correlations with dietary intakes of protein, fiber and
magnesium, and negative correlations with intakes of total fat,
saturated fat and sucrose (Masip et al., 2019).

We also addressed eating styles, including questions on meal
frequency, the regularity of eating, health-conscious eating, night
eating, external and emotional eating, and snacking behaviors
with a questionnaire previously developed for this purpose
(Keski-Rahkonen, Bulik et al., 2007). Eating styles were assessed
by asking the respondent to choose from four different options
the one that best described their eating style.

Measures of Psychological Wellbeing, Life Satisfaction
and Personality

To address current level of psychological distress, we administered
the 12-item version of the General Health Questionnaire (GHQ;
Goldberg, 1972). The GHQ was included also in the partners’
questionnaire, and had been asked in the fourth wave as well.

We assessed life satisfaction with the widely used five-item
Satisfaction with Life Scale (SWLS; Diener et al., 1985), which
has a 7-point Likert-style response scale. In addition, we further
assessed life satisfaction by asking the respondent to rate their
satisfaction with their free time at home and outside home, and
their work and their relationship with their twin on a 5-point
Likert scale. The SWLS was included also in the partners’
questionnaire.

The 15-item GSOEP Big Five Inventory (BFI-S; Gerlitz &
Schupp, 2005) provided an assessment of personality. The partner
of the twin assessed their own personality and their partner’s
personality with the original 44-item version of the BFI (John
et al, 1991). The baseline assessment of personality of the
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16-year-old twins was done using selected scales from the
Minnesota Multiphasic Personality Inventory (MMPI; Hathaway
& McKinley, 1940).

Measures Related to Romantic Relationships, Offspring
and Fertility Intentions

Two items addressed romantic relationships by inquiring about
the number of relationships with cohabiting and the duration of
a possible current relationship.

Possible offspring was addressed by asking whether the
respondent had any biological children or whether she or his
partner was currently pregnant. The items also addressed any
nonbiological children, miscarriages or abortions. The twins
reporting no offspring answered items about possible attempts
to get pregnant and the timing of these attempts.

If the respondent reported having children, they also answered
more detailed items about the offspring. These included the
child’s/children’s gender, age and handedness. The items also
addressed time to pregnancy and whether the pregnancy was
planned (items from the British National Child Development
Study; Power & Elliot, 2006). We also asked about breastfeeding
and whether the respondent’s current partner was the biological
mother/father of the child/children.

Fertility intentions were addressed by two items inquiring about
the desired number of children and the self-assessed probability of
having more children.

The same measures were presented in the partners’ question-
naire, adding two items about the quantity of time spent with their
partner and their level of satisfaction with different aspects of the
relationship.

Other Measures

The twins answered two items designed to determine their handed-
ness (Heikkila et al., 2015).

They also reported their current weight and height. In addition,
they were asked more detailed questions related to changes in
their weight (heaviest and lowest weight in current height).
They also reported weight losses of over 5 kg or over 10 kg and
their self-perceived ideal weight. The partner’s survey included
the same items related to weight and height, excluding the items
concerning changes in weight and weight losses of over 10 kg.

As in the fourth wave, the twins were provided with a tape
measure and instructions to measure their waist circumference
(Mustelin et al., 2009).

The questionnaire also included items inquiring about the
current living and financial situation of the twin and items
related to their work and studies. We also inquired whether they
still lived with their twin and how frequently they kept contact with
their twin.

Studies Based on the FinnTwin16 Data Since 2010
Leisure-Time Physical Activity

FT16 data have been used to understand several physical activity-
related domains. With our longitudinal dataset, we showed the
existence of age-specific genetic and environmental influences
on physical activity: heritability estimates for physical activity
varied between 31% and 42% from adolescence to adulthood
(Aaltonen et al, 2013). In a study comparing the motives for
physical activity among twins who had been consistently active
and consistently inactive over time, we noticed clear differences
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in motives for physical activity between the physical activity
levels (Aaltonen et al., 2014). Interestingly, the motives for physical
activity themselves were also revealed to be influenced by genetic
factors (Aaltonen et al., 2017).

In an analysis of the diversity of physical activity, we found
that participation in a higher number of sport activities in adoles-
cence predicted a higher level of leisure-time physical activity in
adulthood, although this may be partly attributed to common
familial factors (Mékeld et al., 2017). Another ongoing study found
that participation in several different sports was associated with
less low back pain but not with less neck-shoulder region pain
in adult twins. Yet, participation in several sports in adolescence
did not predict either low back pain or neck-shoulder region pain
in adulthood.

Our study on the association of leisure-time physical activity
level on waist circumference showed that an increase in the level
of leisure-time physical activity or remaining active was associated
with lower waist gain over the almost 10-year follow-up period.
Decreasing leisure-time physical activity level, irrespective of
the baseline activity level, led to waist gain resembling that of
the persistently inactive participants (Rottensteiner et al., 2014).
Our results suggest that changes in leisure-time physical activity
level are associated with changes in easily measured waist circum-
ference already among young adults.

We also found the number of physical activities/sports engaged
in to be inversely associated with waist circumference, also when
adjusted for overall leisure-time physical activity level volume
(Rottensteiner et al, 2017). This indicates that engaging in a
diversity of physical activities/sports rather than specific activities
may be beneficial in preventing abdominal obesity.

Furthermore, in-depth clinical measurements of health-related
factors such as fitness, body composition, glucose homeostasis
and brain morphology were conducted for the FITFATTWIN
subsample of twins discordant for leisure-time physical activity
level. In this clinical substudy, healthy male twins were studied
to see whether differences arising from differing physical activity
levels are observable prior to the onset of overt chronic diseases
or to the presence of widespread abnormal values for other
cardiometabolic risk factors (Rottensteiner et al., 2015, 2016).
Systematically selected 10 male MZ twin pairs discordant for
leisure-time physical activity habits over the past 3 years also
showed a significant difference in cardiorespiratory fitness
measured by a maximal exercise test (spiroergometry). In the
absence of any overall BMI difference (~3%), the less active
co-twins tended to have more body fat (~21%) measured by
dual energy x-ray absorptiometry (DEXA), and had an average
31% more intra-abdominal adipose tissue measured by magnetic
resonance imaging (MRI), and 41% more intraperitoneal adipose
tissue (IAAT) compared with their genetically identical but more
active twin brothers. Diet did not differ between the co-twins
(Rottensteiner et al., 2016). The active twin brothers had a lower
homeostatic model assessment (HOMA) index and higher insulin
sensitivity index (Matsuda index, calculated from glucose and
insulin values from an oral glucose tolerance test), indicating
better glucose homeostasis (Rottensteiner et al., 2015). Our results
demonstrated that the factors known to be related to reduced
cardiometabolic risk are already associated in healthy men at a
young age with the level of leisure-time physical activity level.
Regional volumetric analyses of the whole brain MRI revealed
that striatal and prefrontal cortex (subgyral and inferior frontal
gyrus) brain gray matter volumes were larger in the nondominant
hemisphere in active twins compared with less active co-twins
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(Rottensteiner et al., 2015), which indicates site-specific responses
in the brain to improve motor control.

The pooled dataset of the FT12 and FT'16 cohorts was used
in a study that investigated whether within-pair differences in
motor development in childhood as reported by parents predict
within-pair differences in leisure-time physical activity level as
reported by twins themselves in later life (Aaltonen et al.,, 2015).
The study found that having been more advanced in motor devel-
opment skills as a child predicted higher leisure-time physical
activity levels in adulthood, at least partly independent of family
background in both genders.

Obesity and Metabolism

In the TwinFat substudy, we have taken advantage of the MZ
BMI-discordant twin design to study the effects of acquired
obesity. In this design, all phenotypic differences within pairs
are by definition acquired (i.e., due to lifestyle), as the heavier
and leaner co-twins are inherently matched for genetic back-
ground, age, sex and shared family environment. MZ twin pairs
who are discordant for obesity are extremely rare and represent
only about 2% of the twin population.

To better understand the consequences of BMI-discordance in
MZ twins, we have examined 25 BMI-discordant MZ pairs
(within-pair difference in BMI >3 kg/m? and weight difference
>10 kg) in our extensive metabolic studies. The twins completed
an intensive protocol, consisting of adipose tissue, muscle and skin
biopsies, and blood sampling during a 2-h oral glucose tolerance
test (OGTT; substudy with a meal test), urine and feces samples,
extensive examination of anthropometrics, body composition
(DEXA), subcutaneous and visceral fat content (MRI), intrahe-
patic and intramyocellular fat (MR spectroscopy), calorimetry,
assessment of behavioral traits (questionnaires and interviews
on past and current food intake, food preferences, physical activity,
use of alcohol and smoking, health-related attitudes, weight
history, family history and quality of life, food diaries).

In the BMI-discordant MZ twins, we have demonstrated
that metabolism is heavily influenced by acquired obesity. The
heavier co-twins weighed on average 18 kg more, had 28% more
total fat, 67% more subcutaneous fat, 200% more intra-abdominal
fat and 300% more liver fat than their leaner counterparts
(Heinonen et al., 2015, 2017; Jukarainen et al., 2016; Kaye et al.,
2017; Naukkarinen et al., 2014; Pietildinen et al,, 2016; Rdmo
et al., 2017). Consequently, the heavier co-twins had significantly
decreased insulin sensitivity (Naukkarinen et al., 2014), hyperinsu-
linemia, blunted gut hormone (glucagon-like peptide-1) response
to glucose and meals (Matikainen et al., 2013), as well as derange-
ments in circulating lipoproteins (Kaye et al.,, 2013; Pietildinen
et al., 2009), coagulation factors (Kaye et al., 2012), proteomics
(Sahebekhtiari et al., 2019) and metabolomics profiles (Bogl
et al., 2016; Ramo et al., 2017). Our epigenomic analyses indicate
significantly differentially methylated genomic areas in the blood
(Ollikainen et al., 2015) and subcutaneous adipose tissue
(Pietildinen et al., 2016) of co-twins with obesity compared with
their lean co-twins, with robust associations with metabolic
disturbances.

The main novel finding from the MZ BMI-discordant
twin studies has been that a key process associated with the
development of metabolic derangements in obesity is mitochon-
drial downregulation in the adipose tissue (Heinonen et al., 2015;
Naukkarinen et al., 2014, Muniandy et al., 2017) and adipocytes
(Heinonen et al., 2017); in particular, a reduction in the
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nicotinamide adenine dinucleotide (NAD+) metabolism
(Jukarainen et al., 2016). Downregulation of mitochondrial
biogenesis paralleled poor adipocyte differentiation, increased
fat cell size, increased adipose tissue and systemic inflammation,
and high liver fat (Heinonen et al., 2014; Muniandy et al., 2017;
Naukkarinen et al., 2014). As mitochondria are needed for
healthy expansion of the adipose tissue, our results strongly
suggest that mitochondrial downregulation leads to an inability
of subcutaneous adipose cells to store lipids, and an overflow
of free fatty acids to organs that normally do not accumulate
fat (such as ectopic lipid accumulation into the liver). This, in
turn, leads to impairment of whole-body metabolism, as fatty
liver is a central driver of glucose intolerance, dyslipidemia,
coagulation disorders, inflammation and other features of the
metabolic syndrome (Kaye et al, 2013; Naukkarinen et al,
2014; Ramo et al.,, 2017).

In summary, the studies using the BMI-discordant MZ
twin model show that adipose tissue dysfunction, especially
downregulation of the mitochondrial pathways, is intricately
linked to the development of metabolic complications in obesity.
The results obtained in this project propose that mitochondrial
flexibility to adapt to overnutrition, to dissipate and store excess
energy safely and to drive proliferation of healthy new fat cells
in the adipose tissue is key in the prevention of ectopic fat depo-
sition, circulating nutrient overload and metabolic disturbances.

Weight-Related Behaviors

To explore weight-related behaviors and their long-term health
consequences in the general population, the twins were studied
as individuals by adjusting correlated observations within twin
pairs. Overall, weight-related ideals and behaviors appeared to
have significant associations not only with weight change but
also with physical and mental health in young adults over a period
of 10 years (waves 4-5; Kéirkkiinen et al., 2016, 2018a, 2018b).
Most young adults gained weight over 10 years. Only about
one out of every four young adults were able to successfully
maintain his/her weight during this 10-year period (Kérkkiinen
et al., 2018b).

The majority of young women and almost every other young
man were dissatisfied with their weight at age 24 (Kérkkiinen
et al., 2016). However, for most young adults, weight ideals
at age 24 did not influence future weight change (Kérkkédinen
et al,, 2016). With respect to the weight-related behaviors, two
factors were significant to predict future weight maintenance in
both sexes: regular eating and not trying to lose weight
(Kéarkkdinen et al., 2018b). Moreover, disordered eating behaviors
at age 25 predicted long-term health-related consequences, par-
ticularly psychological distress at age 34 (Karkkdinen et al., 2018a).

Eating Disorders

We also used data from this cohort to study the outcomes and
correlates of eating disorders. As eating disorder diagnoses were
made at wave 4, the sample was restricted to the subjects who
participated at wave 4. The screening and diagnostic interviews
for eating disorders are described in detail elsewhere (Keski-
Rahkonen et al., 2006; Keski-Rahkonen, Hoek et al., 2007).

In a study on anorexia nervosa we found that its long-term
prognosis might be better than previously thought (Mustelin,
Raevuori, Bulik et al., 2015). The majority of previous studies on
the topic were conducted in clinical populations and indicated a
poor prognosis for a substantial proportion of the individuals.
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Yet, in this community-based sample, the long-term prognosis
of anorexia nervosa appeared promising: weight restoration was
common and sociodemographic outcomes were generally favor-
able, although women with a history of anorexia nervosa were less
likely than their peers to have children.

In a longitudinal study on risky drinking behaviors among
women with eating disorders, women with a history of anorexia
nervosa and bulimia nervosa scored higher than their peers on
measures of alcohol-related problems in their thirties (Mustelin
et al,, 2016). We have also studied body weight trajectories of
individuals with binge eating disorder (Mustelin, Raevuori,
Hoek et al., 2015) and related behaviors (Mustelin et al., 2017).
We found that these individuals were heavier than their peers
throughout follow-up and that the differences persisted into their
thirties.

Outcomes Associated With Adolescent Alcohol Exposure and
Parental Alcohol Abuse

Several analyses of FT16 data have evaluated short- and long-term
associations of adolescent alcohol exposure. Within-family
comparisons of drinking-discordant co-twins have been a power-
ful design for asking whether such associations are consequences of
familial confounds or, potentially, causal in nature. An initial study
(Dick et al., 2011) asked how well the RAPI, administered in late
adolescence, predicts alcohol diagnosis over a 7-year follow-up.
Age 18 RAPI scores correlated (.55) with symptom counts of
alcohol use disorder (AUD) at age 25. Within-family comparisons
of 117 twin pairs discordant for both age 18 RAPI and age 25 AUD
diagnoses replicated between-family associations of twins as
individuals, suggesting that one pathway to problem drinking in
early adulthood is a direct one from problem drinking in
adolescence.

Neurocognitive effects of adolescent alcohol abuse at age 25
were found in components of auditory event-related potentials
(ERP) among FT16 twin pairs selected for pairwise discordance/
concordance for their age 18 RAPI scores (Koskinen et al,
2011). Intrapair differences in ERPs were associated with intrapair
differences in alcohol variables, consistent with the inference that
adolescent alcohol abuse is associated with subtle neurophysiologi-
cal changes in attention and orienting.

A third study of drinking-discordant FT16 twin pairs (Rose
et al., 2014) associated RAPI scores at 18 with a diverse set of
behavioral outcomes at age 25: the adverse outcomes included
sustained substance abuse, poor health, physical symptoms, early
coital debut, multiple sexual partners, life dissatisfaction, truncated
education and financial problems in early adulthood. The
within-family comparisons yielded more compelling evidence
than previously available that adolescent alcohol exposure disrupts
transitions into early adulthood.

A fourth study of FT16 pairs discordant for alcohol use
disorder (Ruggeri et al., 2015) included a genome-wide analysis
of DNA methylation in 18 discordant MZ pairs identified from
intrapair differences in their age 18 and age 24 RAPI scores and
the differences in AUD symptoms found in face-to-face interviews
at age 25. Concurrent with the interviews, blood was obtained to
confirm zygosity and for extraction of DNA. Hypermethylation in
the PPMIG gene locus was associated with AUD, and these regions
were characterized in a sample of ~500 nontwin adolescents
who associated PPMIG hypermethylation with early escalation
of alcohol use and increased behavioral impulsivity — first
evidence for an epigenetic marker associated with elevated
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adolescent drinking and, inferentially, its underlying neurobeha-
vioral expression. With three twin pairs, we have since piloted
an MRI protocol for a planned proposal to make structural and
functional comparisons of brain imaging in MZ pairs from
FT16 who were consistently discordant for alcohol exposure from
adolescence to age 40-45.

In addition, Pyry Sipild is studying the association of paternal
and maternal problem drinking with lifetime problem drinking of
their adult offspring. The parents of the twins reported on their
problem drinking (measured with MmMAST) when the twins
were aged 16, and the twins reported on an 11-item lifetime version
of the same measure when aged 25 and 34. In the study, paternal
problem drinking was a modest predictor of lifetime problem
drinking of their adult children. Maternal problem drinking
showed similar but less statistically robust associations.

Future Directions

As detailed above, the FT16 cohort has provided an ample data
resource and contributed widely to the study of health-related
behaviors. Future waves of data collection will reassess research
topics detailed above, but will also include new research areas
related to the life stage of the participants. Our current plan is
to initiate wave 6 by conducting an online survey comparable to
the wave 5, with a focus on key variables and measures that we have
studied multiple times. In addition, we need to consider that as
these twins are approaching midlife, their personal, family and
occupational circumstances change. Also, they are entering an
age period in which metabolic and subclinical indicators of future
somatic disease are more common or more severe. Thus, our study
design and study domains need to reflect their circumstances.
Studying individuals across their life course will offer an extensive
view of how health behaviors and their consequences unfold.
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