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he physically active lifestyle is associated with low

future morbidity and mortality, but the causality
between physical activity and health is not always
clear. As some inherited biological characteristics and
childhood experiences may cause selection bias in
observational studies, we sought to take them into
account by identifying 16 twin pairs (7 MZ, 9 DZ,
mean age 60 years) discordant for leisure time physi-
cal activity habits for thirty years. We conducted
detailed health-related examinations among these
twin pairs. Our main aims were to study the effects
of physical activity and genes on fitness and body
composition, with special reference to body fat com-
partments, metabolic syndrome components and
related diseases and risk factor levels, status of arter-
ies, structure and function of the heart, bone
properties, and muscle and fat tissue-related mecha-
nisms linked to physical activity and chronic disease
development. Our physical activity assessments
showed that inactive co-twins were on average 8.8
MET hours/day less active than their active co-twins
through out their midlife (2.2 + 2.3 vs. 11.0 + 4.1 MET
h/day, p < .001). Follow-up fitness tests showed that
physically inactive co-twins were less fit than their
active co-twins (estimated VO, 26.4 + 4.9 vs. 32.5
+ 5.5 ml/kg/min, p < .001). Similar differences were
found in both MZ and DZ pairs. On the basis of earlier
epidemiological observations on nonrelated individu-
als, these physical activity and fitness differences are
large enough to cause differences in many mecha-
nisms and risk factors related to the development of
chronic diseases and to permit future analyses.
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Various studies have shown that physical fitness and
participation in physical activity have a genetic compo-
nent (Beunen & Thomis, 1999; Bouchard et al., 1986;
Stubbe et al., 2006). The genetic component of physical
activity may be shared with that of chronic diseases.
Some inherited biological characteristics may both
make it easier for some individuals to achieve high
levels of physical activity or fitness and favor them
with low morbidity or with longevity (Kujala et al.,
2002; Kujala et al., 2003; Morris et al., 1956).
Consequently, it is difficult to estimate the true extent
of the effect of physical activity on delaying morbidity
or mortality from observational follow-up studies of
nonrelated individuals. Randomized controlled trials
(RCTs) indicate that exercise is a powerful means of
enhancing fitness and reducing disability among elderly
subjects with or without chronic diseases; however less
is known about the actual progression of diseases
(Kujala, 2004).

When studying the associations between physical
inactivity/activity and health outcomes we are faced
with two specific issues: (1) genetic selection may
explain some of the associations between baseline phys-
ical activity and morbidity/mortality in observational
follow-up studies, and (2) RCTs that investigate the
effects of exercise on health outcomes are usually of a
too-short duration to document the long-term effects
on health. The latter often use proxy measures and bio-
markers as risk indicators. To tackle these limitations in
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our study design, we investigated monozygotic (MZ)
and dizygotic (DZ) twin pairs, discordant for leisure
time physical activity (LTPA) habits, to document the
specific effects/associations of long-term physical activ-
ity on different health outcomes while controlling for
genes and childhood family environment.

This study protocol article reports the aims and
design of the TWINACTIVE study and results for
physical fitness.

Background and Main Aims
of the TWINACTIVE Study

We have previously used the Finnish Twin Cohort
(Kaprio et al., 2002) to investigate whether genes or
other familial factors cause selection bias in epidemio-
logical studies of the associations between physical
activity and future morbidity and mortality. In this
cohort results from both individual-based analyses
and pairwise analyses of DZ twin pairs discordant for
physical activity show that baseline physical activity is
associated with reduced future premature mortality
(Kujala et al., 1998; Kujala et al., 2002). However, the
fact that we were not able to confirm this by studying
MZ twin pairs persistently discordant for physical
activity (Kujala et al., 2002) suggests that genetic
selection may play a role. In relation to specific dis-
eases, we have found that among MZ twin pairs
discordant for physical activity type 2 diabetes melli-
tus develops earlier among physically inactive twins

Physical Activity Discordant Twin Pairs

when compared to their physically active co-twins
(Kujala et al., 2000). In addition, among male MZ
pairs, physically active twins tend to have less coronary
heart disease compared to their inactive co-twins
(Kaprio et al., 2000).

To obtain a more detailed picture of the effects of
physical activity and genetic factors on health, we iden-
tified middle-aged MZ and DZ twin pairs discordant
for LTPA habits for 30 years and conducted detailed
health-related examinations among these twin pairs.
We were interested in the effects of physical activity
and genes on fitness, body composition, with special
reference to body fat compartments, metabolic syn-
drome components and related diseases and risk factor
levels, status of arteries, structure and function of the
heart, bone properties, and muscle and fat tissue-
related mechanisms linked to physical activity and the
development of chronic disease (see Table 1 for mea-
sures and outcomes).

We hypothesized that long-term physical activity
would be found to have beneficial effects on many of
the studied variables and outcomes among the MZ
pairs discordant for physical activity. The existence of
some intra-pair differences among the discordant DZ
pairs, but not among the MZ pairs, would indicate
the presence of a genetic component. We also hypothe-
sized that skeletal muscle properties, known to be
influenced by genes, would be associated with dif-
ferent metabolic syndrome features and these

Table 1
Timetable of Data Collection During Laboratory Visits in 2007

VISIT1
Before Structured instructions for the measurements. Assessments of 5-d diet and 7-d activity using diaries.
Day 1
11am Blood sample.
12 pm Standardized interview to assess smoking habits, use of alcohol, dietary habits and exercise attitudes.
1pm Echocardiography of cardiac cavity, wall dimensions, systolic and diastolic function of left ventricle.
1.45 pm Standardized clinical examination. Assessment of medication and health status.
2.15 pm Resting electrocardiography.
2.30 pm Symptom-limited maximal clinical exercise test.
3.15pm Maximal isometric left knee extensor strength, and left and right hand grip strength measurement.
4 pm Measure of properties of bone by peripheral quantitative computed tomography.
10 pm Fast begins.
Day 2
7.30 am Anthropometric measurement and assessment of body composition using bioelectrical impedance.
8am Fasting blood and DNA sample in order to study atherogenic and metabolic abnormalities.
8.15am Oral glucose tolerance test.
8-10 am Standardized LTPA interview to assess leisure time MET index.
12 pm MR imaging from abdomen and thigh. MR angiography of macroscopic arteries.
VISIT 2
Before Structured instruction of exercise before/after biopsy. Overnight fast.
Day 3
8-10am Muscle and subcutaneous adipose tissue biopsies for histological, biochemical and gene expressional studies.
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associations may partly explain why DZ twins are
more discordant for physical activity than MZ twin
pairs. In agreement with earlier cross-sectional data,
we have already documented in longitudinal studies on
unrelated individuals that skeletal muscle properties
(in particular proportion of type I muscle fibers)
predict different components of metabolic syndrome in
men (Hernelahti et al., 2005; Karjalainen et al., 2006).

Twin pairs with completed questionnaire
data on LTPA in 1975 and 1981
(5663 pairs)

Subjects and Methods

Baseline LTPA Questionnaires

The Finnish Twin Cohort includes same-sex twin pairs
born in Finland before 1958 and with both co-twins
alive in 1975 (Kaprio et al., 2002). In the cohort, there
were 1772 MZ, 3551 DZ and 340 twin pairs with
unknown zygosity composing the cohort who were 24
to 60 years old, employed and healthy in 1981 (Kujala

Pairs with no baseline LTPA discordance

\ 4

Twin pairs with baseline LTPA discordance|
same member of a twin pair more active in
both 1975 and 1981 (297 pairs)

29 MZ pairs 151 MZ pairs
116 DZ pairs | xer

A 4

(5366 pairs)

_|Pairs whose difference in volume of LTPA

1 unknown zygosity
19 MZ pairs

"|< 3 MET h/day (132 pairs)

Deceased twins before 2005 (21 pairs)
_|Swedish-speaking twins (6 pairs)

y

Target group for follow-up interview
(132 pairs)
40 MZ pairs

92 DZ pairs

"|Twins abroad (5 pairs + 1 pair with
unknown zygosity)

Declined (16 pairs)

A4

»|Deceased twins (2 pairs)
Insufficient LTPA data (9 pairs)

Twin pairs with complete LTPA data
(105 complete pairs)

33 MZ

72 DZ

. |Pairs not discordant for thirty years

A 4

Pairs with 30-year LTPA discordance
(54 pairs)

17 MZ pairs

37 DZ pairs

"1(51 pairs)

Not invited due to:

Malign cancer (2 MZ pairs)
Rheumatoid arthritis (1 MZ pair)
.| Alzheimer’s disease (1 DZ pair)

A 4

Pairs participated in follow-up measurements
(17 pairs, 36 subjects)

8 MZ pairs

9 DZ pairs

"| Disability’high age (1 DZ, 1 MZ pairs)
Insufficient collaboration (1 MZ pair)
Low discordance (21 DZ pairs)
Declined 2 MZ, 5 DZ, 2 co-twins

One MZ pair did not fulfill the LTPA

\ 4

Final number of twin pairs discordant for
LTPA from 1975 to 2007 (16 pairs)
7 MZ pairs

9 DZ pairs

A 4

discordance criteria at the end of the
follow-up.

Figure 1

Flow chart of the comprehensive selection of twin pairs discordant for leisure time physical activity (LTPA).

Note: *Baseline discordance in volume (2 MET criteria) and intensity of LTPA (see text)
**Baseline discordance only in volume of LTPA (2 MET criteria) (see text)
***Baseline discordance in volume of LTPA (3 MET criteria) (see text)
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et al., 2002). They all had completed the LTPA ques-
tionnaire administered in 1975 and in 1981 (Figure 1).

Assessment of LTPA volume (leisure time MET
index) was based on a series of structured questions
on leisure activity and physical activity during jour-
neys to and from work (Kujala et al., 1998). The
leisure time MET index was then calculated by assign-
ing a multiple of the resting metabolic rate to each
form of physical activity (intensity of activity x dura-
tion of one session x monthly frequency), which was
then expressed as a sum score of leisure time MET
hours/day. Assessment of the intensity of activity was
based on the following question: Is your physical
activity during leisure time about as strenuous on
average as: (1) walking, (2) alternately walking and
jogging, (3) jogging, (4) running? Those who chose 2,
3 or 4 were classified as engaging in vigorous activity
(Kujala et al., 1998).

After calculating the leisure time MET indices, we
found that 146 pairs (29 MZ, 116 DZ, and 1 unknown
zygosity pair) were discordant for LTPA both in partici-
pation in vigorous activity and in volume of activity
both in 1975 and 1981 (Figure 1). The criterion for the
baseline discordance was that one co-twin was physi-
cally active (calculated leisure time MET index was > 2
MET h/day corresponding to about 30 min walking per
day) while his/her co-twin was less active (leisure time
MET index < 2 MET h/day) in both assessments
(Kujala et al., 2002; Waller et al., 2008).

To increase the number of LTPA discordant MZ
twin pairs, we set up another selection criterion and
found that 151 MZ pairs were discordant in volume
of activity (2 MET criteria as described above, vigor-
ous activity discordance ignored). Among these MZ
pairs, we selected only those 19 MZ pairs whose dif-
ference in volume of activity was > 3 MET h/day
between the inactive and active co-twin in both 1975
and 1981, while the average intensity of a physical
activity session was the same or greater in the active
vs. inactive co-twin (Figure 1). This resulted in 165
comprehensively selected twin pairs (48 MZ, 116 DZ,
1 unknown zygosity pair) with baseline discordance
for LTPA. These twin pairs constituted a target group
for our follow-up interview on midlife LTPA habits.
As our aim was to investigate the health effects of

BASELINE LTPA
QUESTIONNAIRES

1975 1981

! '

Physical Activity Discordant Twin Pairs

physical activity in twin pairs with long-term persis-
tent discordance for LTPA, pairs not persistently
discordant for LTPA were excluded during later stages
of the study (described later).

Follow-Up LTPA 19802005 Interview
Follow-up interviews were carried out during the
years 2005-2007 with 132 twin pairs (40 MZ, 92 DZ
pairs) as only those pairs were included in which both
co-twins were still alive, lived in Finland, and spoke
Finnish as their mother tongue. In total, 105 twin
pairs (33 MZ, 72 DZ pairs), that is, 80% of available
targeted pairs, completed the physical activity assess-
ment section in the follow-up interviews (Figure 1).
The telephone interview included questions on
current and past physical activity (for more details see
Waller et al., 2008). In brief, physical activity was
assessed by two sets of questions. The first shorter ret-
rospective timeline assessment of LTPA volume and
intensity (with S-year intervals) was carried out using
the same physical activity questions as in 1975 and
1981 (Figure 2). The mean MET index for all six time
points from 1980 to 2005 was then calculated for both
the inactive and active co-twins. To aid recall, twins
were asked to describe their marital and work status
for each year before the retrospective LTPA questions.
The second set of questions was a detailed assessment
of the volume of leisure time, daily (nonexercise activi-
ties such as gardening) and commuting activity over
the previous 12 months (12-month MET index) using
a modified version of the Kuopio Ischemic Heart
Disease Risk Factor Study Questionnaire (Lakka &
Salonen, 1997). As a result of these physical activity
assessments, we found 17 MZ and 37 DZ twin pairs
who, in addition to baseline discordance, were discor-
dant for LTPA habits throughout the follow-up (i.e.,
30 years).

Follow-Up Interview and Measurements in 2007

Before issuing an invitation to participate in the labo-
ratory study measurements, we excluded pairs whose
health status/medication would severely violate our
study aims. Pairs were excluded for the following
reasons: one co-twin had malign cancer (2 MZ pairs),
oral corticosteroid treatment for rheumatoid arthritis
(1 MZ pair), Alzheimer’s disease (1 DZ pair), severe

FOLLOW-UP INTERVIEW,|
AND MEASUREMENTS

LTPA DATA COLLECTION

t t t

t t

1980 1985 1990

1995 2000 2005 2007

Figure 2
Timetable of physical activity and risk factor data collection.

FOLLOW-UP LTPA INTERVIEW
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disability/high age (1 DZ and 1 MZ pair) and insuffi-
cient collaboration (1 MZ pair). We also excluded 21
DZ pairs whose LTPA discordance was at the lowest
level or not persistent. This procedure left us with 12
MZ and 14 DZ twin pairs. Of these 26 pairs who
were invited to the laboratory, 8 MZ and 9 DZ twin
pairs (overall 36 twin individuals) underwent our
detailed health-related examinations.

Final Number of Twin Pairs

After careful intrapair examination of the leisure time
MET indices from 1975 to 2007, we found that 7 MZ
(5 male and 2 female pairs) and 9 DZ pairs (6 male
and 3 female pairs) fulfilled our discordance criterion.
In one MZ pair the leisure activity MET indices were
higher among the previously inactive co-twin and
lower among his previously active co-twin at the last
follow-up assessment. This pair was excluded from
the data analysis. The zygosity of the twins was veri-
fied at the Paternity Testing laboratory (National
Public Health Institute, Helsinki, Finland) using DNA
extracted from venous blood sample with a battery of
ten highly polymorphic gene markers.

Physical Activity and Fitness Assessments

In the follow-up measurements, LTPA volume (leisure
time MET index 2007) and participation in vigorous
physical activity were assessed by the same questions as
used at the baseline and in the retrospective assessment.
Detailed assessment of the volume of leisure time and
of daily and commuting activity over the previous 12
months (total 12-month MET index 2007) was also
carried out (Lakka & Salonen, 1997). Smoking habits
and use of alcohol were collected with diary, question-
naire and interview methods, as used earlier in the
cohort (Kujala et al., 1998; Waller et al., 2008).

The symptom-limited maximal clinical exercise test
with a cycle ergometer was performed for the assess-
ment of cardiorespiratory fitness using a slightly
modified WHO protocol (Lange-Andersen et al.,
1971). The testing protocol comprised of 2-minute
stages, beginning with a learning stage at 20 W and a
warm-up stage at 25 W. Thereafter the increase in
workload was 25 W/stage. The recovery stage was
performed at 25 W and lasted at least 5 minutes. At
the end of each stage, heart rate was recorded from
the electrocardiogram, blood pressure was measured
and testee was asked to rate their perceived exertion
(Borg’s scale 6-20). During the recovery stage, these
measurements were performed at the end of 1, 3 and §
minutes. Total exercise time, peak load, and estimated
oxygen uptake (for calculation see Table 5) were used
as indices of cardiorespiratory fitness.

Ethical Approval

This study was conducted according to good clinical
and scientific practice/guidelines and the Declaration
of Helsinki. The ethics committee of the Central
Hospital of Central Finland approved our study plan
on August 15, 2006.

Statistics

We used pairwise analyses to study differences
between co-twins of the twin pairs. First we analyzed
the results for all the twin pairs and then for MZ and
DZ twin pairs separately to find out whether the
trends were similar for MZ and DZ pairs. The nor-
mality of variables was assessed by the Shapiro-Wilk
test. Student’s paired ¢ test was used for normally dis-
tributed variables. For non-normally distributed
variables the Wilcoxon signed rank test was used. The
symmetry test (Stata) was used for categorical vari-
ables. 95% confidence intervals (CI) were calculated
for the absolute mean differences between inactive and
active co-twins. The level of significance was set at p <
.05. Data were analyzed using SPSS 14.0 and
Intercooled Stata 8 software.

Results

Subject Characteristics

There were no baseline differences in 1975 for anthro-
pometrics, marital status, alcohol use, smoking habits
or work-related physical activity between inactive and
active co-twins. Inactive co-twins were less active in
their leisure time than their active co-twins (-3.1 MET
h/day, 95% CI —4.2 to -1.9 MET h/day, p < .001; see
Table 2).

There were no statistical differences in alcohol use,
smoking habits, or in work-related physical activity
between the inactive and active co-twins in 2007.
Inactive co-twins weighed 6.5 kg more (95% CI-2.2 to
15.3, p = .12) on average and had a 1.9 kg/m? higher
mean body mass index (95% CI -0.4 to 4.1, p = .09)
than their active co-twins (Table 3).

Physical Activity Discordance

Physical activity discordance, which showed a decreas-
ing trend with time during the retrospective follow-up
(1980-2005), is illustrated in Figure 3. In 2007, the
leisure time MET index was on average 6.9 MET h/day
lower (p < .001) among inactive co-twins compared to
their active co-twins, also in both MZ (-7.0 MET
h/day, 95% CI -11.4 to -2.6, p = .018), and DZ pairs
(=6.7 MET h/day, 95% CI -9.9 to -3.6, p = .008).
During the LTPA follow-up period, from 1980 to
2007, the inactive co-twins were on average 8.8 MET
h/day less active than their active co-twins (p < .001;
see Table 4). The mean differences were similar for
both MZ and DZ pairs (Table 4) and for female (-9.0
MET h/day, 95% CI -13.1 to —4.8, p = .043) and male
(-8.8 MET h/day 95% CI-1.9 to 5.6, p = .003) pairs.
Eight of the active co-twins, but none of the inactive
co-twins, reported having participated in competitive
sports during adulthood (p = .005).

When we assessed the volume of leisure time, daily
and commuting activity over the previous 12 months
(Lakka & Salonen, 1997), significant differences
between inactive and active co-twins were found in
total and leisure time physical activities but not in
daily and commuting activities (Table 4). The trends
were similar for MZ and DZ pairs. The two question-
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Table 2
Baseline Characteristics in 1975

Characteristics Inactive N=16 Active N=16 pvalue
Age (year; mean, range) 28 (18-42)
Height (cm) (N =15) 173.7+9.8 172.9 +10.1 .57
Weight (kg) 69.3+16.4 66.0+9.4 57
BMI (kg/m?) (N = 15) 23.0+4.2 223+20 .88
Ever smoked regularly by 1975 () 6 9 .25
Leisure time MET index 1975 (h/day) 02+03 33+24 <.001
Alcohol (g/day) 6.0+8.3 96+128 .65
Marital status () 37

Single 5 7

Married 1 8

Divorced 0 1
Work related physical activity (N) .23

Sedentary 3 7

Standing or walking at work 3 4

Light manual work 10 5

Heavy manual work 0 0
Occupational group (N) 43

Upper white-collar 1 3

Clerical work 5 5

Skilled workers 4 6

Unskilled workers 1 0

Farmers 3 0

Other 2 2

Note: Data are mean + SD

Table 3
Follow-up Characteristics Among Twin Pairs Discordant for LTPA in 2007

Characteristics Inactive N=16 Active N=16 pvalue
Age (year; mean, range) 60 (50-74)
Height (cm) 171.8+10.4 171.1+£99 63
Weight (kg) 795+ 184 729+11.9 12
BMI (kg/m?) 26.7+35 248+26 .09
Alcohol (g/day) 6.5+4.7 10.3+10.1 .16
Smoking (N) .26
Current smokers 3 0
Quitters 1 8
Never smoked 6 8
Work status (N) .36
Employed 9 9
Retired 5 5
Unemployed 0 1
Other 2 1
Work-related physical activity (N) A7
Sedentary 3 5
Standing or walking at work 1 3
Light manual work 5 0
Heavy manual work 0 1

Note: Data are mean + SD
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Figure 3

LTPA discordance in 1980-2005 on the basis of the retrospective telephone interview. Upper panel for all 16 pairs, middle panel for 9 DZ pairs, and
lower panel for 7 MZ pairs. Results are shown as mean + SEM. Paired p values for statistical difference between inactive and active co-twins by

Wilcoxon signed rank test.

naires on the volume of LTPA (the retrospective time-
line vs. previous 12-month assessment) showed a good
correlation (r = 0.73, p < .001, N = 36).

Physical Fitness

Statistically significant differences in fitness character-
istics as measured by the symptom-limited maximal
clinical exercise test were found between inactive and
active co-twins (Table 5). Total exercise time was 144
seconds (2 min 24 s) shorter (p = .002) and achieved
peak load 29.3 watts lower (p = .003) in inactive co-
twins. Estimated peak oxygen uptake was also 6.1
ml/kg/min lower (p < .001) in inactive compared to
active co-twins. The trends were similar for MZ and
DZ pairs (Table 5) and for female (—6.4 ml/kg/min,
95% CI -11.6 to -1.2, p = .027) and male (-5.9
ml/kg/min, 95% CI -10.0 to -1.9, p = .008) pairs.

Fourteen out of 16 active co-twins achieved higher
peak oxygen uptake than their inactive co-twins.

Comment

The overall aim of the TWINACTIVE study is to
investigate the consequences of LTPA in comprehen-
sively selected MZ and DZ twin pairs who have been
discordant for LTPA habits during their adult lives.
The present study reports the general aims and design
of the TWINACTIVE study together with the LTPA
and fitness data. LTPA discordance in leisure time
activities was determined with repeated standardized
questions. The mean MET difference throughout the
follow-up was 8.8 MET h/day between inactive and
active co-twins. This amount of METs (h/day) is the
equivalent of a difference of 612.7 kcal (2611 kJ) in
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Table 4
MET Indices (MET hours/day) Among Twin Pairs Discordant for LTPA

Variable Inactive Active Mean difference (95% Cl) pvalue
All 16 pairs
Mean MET index 1980-2007 22+23 11.0 4.1 -8.8(-11.0t0 -6.6) <.001
Leisure time MET index 2007 16+14 8.4+4.1 —6.9(-9.1t0—-4.6) <.001
Total 12-month MET index 2007 5.2+4.4 96+53 —4.4(-7.0t0-1.8) .003
Leisure time 12-month MET index 23+18 72+38 -5.0(-7.1t0-2.9) .002
Daily activity 12-month MET index 27+38 21+33 0.6 (-1.7t02.8) .84
Commuting 12-month MET index 02+04 0.2+03 0.03 (-0.3t0 0.3) .89
7 MZ pairs
Mean MET index 1980-2007 34+30 122 +54 -8.8(-14.1t0-3.5) .018
Leisure time MET index 2007 24+14 94+38 —7.0(-11.4to -2.6) .018
Total 12-month MET index 2007 6.3+6.0 105+49 -4.2(-8.2t0-0.2) .063
Leisure time 12-month MET index 30+£22 9.1+£39 -6.1(-9.9t0-2.3) .028
Daily activity 12-month MET index 3.1+49 14+19 1.7 (2.6 t0 6.0) 74
Commuting 12-month MET index 03+06 0.05+ 0.1 0.24 (-0.2t0 0.7) .29
9 DZ pairs
Mean MET index 1980-2007 1.3£09 10.1+28 -8.9(-11.0t0-6.7) .008
Leisure time MET index 2007 1.0+1.0 77+43 —6.7 (-9.9t0 -3.6) .008
Total 12-month MET index 2007 43+26 8857 —4.6 (-8.9t0-0.2) .021
Leisure time 12-month MET index 17+12 5.8+3.1 —4.1(-6.9t0 1.3) .021
Daily activity 12-month MET index 24+28 2.8+4.1 -0.3(-3.4t02.7) .95
Commuting 12-month MET index 0.1+£03 03+04 -0.1(-0.5t0 0.3) .50

Note: Data are mean + SD

Mean MET index 1980-2007, mean MET value from follow-up; Leisure time MET index 2007, leisure time MET index in 2007 according to retrospective questionnaire including journeys
to and from work; Total 12-month MET index 2007, leisure time + daily (such as gardening) + commuting activities according to 12-month detailed physical activity questionnaire.

leisure time energy expenditure between inactive and
active co-twins (173.3 = 192.5 vs. 794.9 = 303.3 kcal,
95% CI-783.8 to —459.5, p < .001, when 1 MET cor-
responds to energy expenditure of 1 kcal/kg/h for the
average adult). The activity level of inactive members
of twin pairs corresponded to that of the most physi-
cally inactive 20% of the whole cohort, and the level
of active co-twins to that of the active 50% of the
whole cohort (Kujala et al., 1998), which means that
the activity levels selected for study represent clinically
relevant population groups. The inactive twins, again
in both MZ and DZ pairs, were also less fit than their
active co-twins, a finding that strongly supports the
validity of our activity assessments.

On the basis of earlier epidemiological observations
on nonrelated individuals, the intrapair differences in
the level of physical activity observed in this study are
large enough to cause differences in many mechanisms
and risk factors related to the development of chronic
diseases (Kelley & Goodpaster, 2001; Kohl, 2001) and
mortality (Lee & Skerrett, 2001; Kujala et al., 1998).
Myers et al. (2004) found that an increase in physical
activity of 1000 kcal/week equals to an increase in
fitness of 1 MET, and that these both conferred a mor-
tality benefit of 20%. As several earlier studies have
indicated, fitness differences also contribute to mortal-
ity and morbidity risk (Blair et al., 1989; Ekelund et al.,

1988; Gulati et al., 2003; Kokkinos et al., 2008; Lakka
et al., 1994; Peters et al., 1983; Wei et al., 1999).

Physical activity interacts with a plethora of meta-
bolic and health-related functions, which, like exercise
capacity itself (Bouchard et al., 1998; Bouchard &
Rankinen, 2001), are partly genetically regulated.
Therefore, some of the associations between physical
activity and metabolic and cardiovascular health may
be explained by shared genetic factors. Our carefully
identified twin pairs discordant for LTPA over 30
years represent a model that can be used to explore
the long-term effects and underlying mechanisms of
physical activity on metabolic and cardiovascular
health, independent by genetic factors. The magnitude
of the physical activity discordances found in this
study is large enough to lay a foundation for such
future analyses.
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Table 5

Physical Fitness Characteristics Among Twin Pairs Discordant for LTPA in 2007

Variable Inactive Active Mean difference (95% Cl) pvalue
All 16 pairs
Total exercise time (s) 663.1 + 194.6 807.1+201.7 —144.1 (-225.0 to —63.1) .002
P oo (W) 138.9 +39.9 168.1 +42.0 —29.3 (-46.5 to —12.0) .003
P.a/ka (W/kg) 1.8+04 23+05 -0.6 (-0.8t0-0.3) <.001
P .a/kg (W/FFM) 2405 3.0+06 —-0.6(-0.9t0-0.2) .002
VOkaa (ml/kg/min) 26.4+49 325+55 -6.1(-9.0t0-3.2) <.001
V0, (ml/FFM/min) 336+59 396+6.3 —6.1(-9.4t0-2.7) .002
VOZ‘mak (ml/min) 2086.2 + 520.0 2362.2 + 510.4 —276.4 (-485.1 to —67.7) .013
7 MZ pairs
Total exercise time (s) 676.1 + 175.1 830.9 + 2424 —154.7 (-303.5to -5.9) .044
Ppeak (W) 140.9 + 36.5 173.0 £ 50.4 —32.1(-63.2t0 -1.0) .045
P .a/kg (W/kg) 1.9+05 23+05 —-0.4(-1.0t0 0.1) .083
P ea/kg (W/FFM) 26+0.6 3006 —-0.4(-0.9t0-1.9) .099
V0,,.,¢ (ml/kg/min) 274+53 32.2+6.0 —4.8(-10.5t00.9) .083
V0, (ml/FFM/min) 35.2+6.6 39.7+7.0 -45(-10.0t0 1.1) .099
VOZpeak (ml/min) 2090.5 + 4244 2433.9 £ 616.7 —343.4 (-665.4 to —21.4) .040
9 DZ pairs
Total exercise time (s) 652.9 + 218.5 788.7 £ 177.1 —135.8 (-254.1 to -17.5) .029
Ppeak (W) 137.3+445 164.3 + 36.9 —-27.0 (-52.5t0 -1.5) .041
P a/kg (W/kg) 1.7+04 23+05 —-0.6(-1.0t0-0.3) .002
P ea/kg (W/FFM) 23+05 3006 —0.7(-1.1t0-0.2) .010
V0, (ml/kg/min) 25747 32854 -7.1(-10.8t0 -3.4) .002
V0, (ml/FFM/min) 323+53 39.6 +6.2 -71.3(-123t0-2.3) .010
V0,,,, (ml/min) 2082.9 + 609.8 2307.2 + 442.0 —224.3 (-559.2 t0 110.6) 161

2peak

Note: Data are mean + SD; P,
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