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Abstract

Objective—To determine the relationship between persistence or change in leisure-time physical
activity habits and waist gain among young adults.

Design and Methods—Population-based cohort study among 3383 Finnish twin individuals
(1578 men) from five birth cohorts (1975-1979), who answered questionnaires at mean ages of
24.4y (SD 0.9) and 33.9 y (SD 1.2), with reported self-measured waist circumference. Persistence
or change in leisure-time physical activity habits was defined based on thirds of activity metabolic
equivalent h/day during follow-up (mean 9.5y; SD 0.7).

Results—Decreased activity was linked to greater waist gain compared to increased activity (3.6
cm, P<0.001 for men; 3.1 cm, P<0.001 for women). Among same-sex activity discordant twin
pairs, twins who decreased activity gained an average 2.8 cm (95%CI 0.4 to 5.1, P=0.009) more
waist than their co-twins who increased activity (n=85 pairs); among MZ twin pairs (n=43), the
difference was 4.2 cm (95%CI 1.2 to 7.2, P=0.008).

Conclusions—Among young adults, an increase in leisure-time physical activity or staying
active during a decade of follow-up was associated with less waist gain, but any decrease in
activity level, regardless baseline activity, led to waist gain that was similar to that associated with
being persistently inactive.
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Introduction

Prevalence of general and abdominal obesity are high, and increasing both among children
and adults, although there are some encouraging signs that the increase is slowing (1-4).
Abdominal obesity is a major cardio-metabolic risk factor (5,6), and waist circumference
measure is considered to be a valid marker of abdominal obesity (6,7), correlating better
than body mass index (BMI) with intra-abdominal fat (6,8).

According to longitudinal studies long-term physical activity is related to smaller waist
circumference (9,10) and less abdominal fat (11). However, constant physical activity may
be insufficient to prevent age-related waist gain, because waist circumference seems to grow
with time despite regular physical activity (10,12). Intervention studies have identified
significantly reduced waist circumference after increased physical activity, even without
substantial weight loss (13-15). Only a few longitudinal studies have examined the
relationship between changed physical activity habits and concordant change in waist
circumference, showing that increased physical activity was associated with a lower waist
gain (12,16-18). However, longitudinal studies have not focused on early adulthood, when
age-related weight and waist gain already seem to escalate (19,20), and many other changes
in life occur (i.e. work and family related commitments); thus, young adulthood is a critical
but largely unexplored period from the obesity epidemic viewpoint.

Along with environmental effects, genetics plays a role in the development of obesity
(21,22) and exercise participation (23). Genetic predispositions can lead to genetic selection
bias in studies of the relationship between physical activity and the development of obesity
and chronic diseases, by favoring some individuals to attain high physical activity levels or
appropriate body composition. The studies of monozygotic (MZ) and dizygotic (DZ) twin
pairs make possible to standardize for childhood family environment and fully (MZ pairs) or
partially (DZ pairs) for genetic background. Therefore, co-twin control studies are better in
revealing the causal relations between physical activity and health outcomes than
observational follow-up studies of nonrelated individuals. Of note, while routine daily
activity has decreased in modern society, the role of leisure-time physical activity in
modifying total energy expenditure has particularly been emphasized (24,25). The purpose
of this study was to determine how the persistence or change in leisure-time physical
activity during early adulthood is associated with waist gain.

Materials and Methods

Data collection

This study is part of the FinnTwin16 twin cohort study (26) investigating the role of genetic
and environmental factors as determinants of different health behaviors, disease risk factors
and chronic disease. Virtually all twins born in 1975-1979 were identified from the Finnish
population register for FinnTwin16. The follow-up cohort includes about 5500 individuals
and almost 2700 twin pairs. Data collection for this follow-up study started in 1991, and
participants were sent the first questionnaire within two months of their 16t birthday. Later,
questionnaires were mailed when participants were 17 and 18.5 years old. The 4 wave
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questionnaire was collected on 20002002, when the participants were on average 24.5
years old. The 5! wave of data collection was done in 2010-2012 when the participants
were a mean age of 34.0 years.

Waves 4 and 5 were used for the present study. Wave 4, the baseline for this report, was
done using a postal paper questionnaire, and wave 5, the follow-up was conducted using a
web-based questionnaire, both including questions related to health, body composition and
leisure-time physical activity. The response rates for the overall cohort were 84.5% and
71.9% for waves 4 and 5, respectively, with 77.9% of those replying at wave 4 also replying
at wave 5.

The study was conducted according to ethical standards and the Declaration of Helsinki, and
approved by the ethical committee of the Central Finland Hospital district. Participants gave
their informed consent.

Altogether 3866 twin individuals from five consecutive birth cohorts (1975-1979) answered
both questionnaires (baseline and follow-up). We included in this study all participants who
answered at both collections the questions related to leisure-time physical activity, weight
and height, and measured their waist circumference. All who had responded affirmative to
being pregnant at the time of data collection were excluded from this study (n=263). After
exclusions, the final study group consisted of 1578 men and 1805 women (total N=3383,
including 1109 twin pairs of which 393 were known to be MZ pairs and 679 DZ pairs)
(Figure 1). Determination of zygosity was based on accurate and validated questionnaire
method (27).

Measurement of waist circumference

Self-measurement of waist circumference was done using a supplied tape measure at both
data collections; in wave 5, it was included in the mailed invitation letter that contained the
access code to the Internet survey. The instructions with an illustration for measuring waist
circumference were included in the questionnaire. Waist circumference was measured while
standing, at either the narrowest part of the waist, or if that was not found, the midpoint
between the lowest part of the ribs and top of the hip bone. The intra-class correlation
between self-measured and healthcare professional-measured waist circumference (n=24) is
0.97 (P<0.001) (9). A change in waist circumference was calculated as the difference
between follow-up and baseline data collection.

Assessment of leisure-time physical activity

The assessment of leisure-time physical activity was based on a series of questions covering
leisure-time physical activity and physical activity during journeys to and from work. These
questions were identical at waves 4 and 5. Validity information of physical activity
questions is available in detail elsewhere (9). The questionnaire included three structured
questions about leisure-time physical activity. First, average monthly frequency of activity
with seven response alternatives: 1) not at all, 2) less than once a month, 3) 1-2 times a
month, 4) about once a week, 5) 2-3 times a week, 6) 4-5 times a week, 7) about every day.
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Second, average duration of one session of activity with four response alternatives: 1) under
30min, 2) 30min - under 1h, 3) 1h - under 2h, 4) 2h or more. Third, intensity of activity
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. Physical activity during journeys to and from work was included to leisure-time
physical activity, and it was assessed with a question about the average time used for
walking, bicycling, jogging, skiing or/and roller-skating in one day for work journeys with
five response alternatives: 1) under 15min, 2) 15min - under 30min, 3) 30min - under 1h, 4)
1h or more, 5) I do not work or study. The frequency for this commuting activity was set at
five times a week and intensity as corresponding to walking. A leisure-time physical activity
MET (metabolic equivalent) index was calculated by assigning a multiple of the resting
metabolic rate (intensityxdurationxfrequency). It was expressed as a sum score of leisure
time physical activity MET hours per day as described earlier (28) with modifications to
account for the slightly different response alternatives of the related questions in the present
questionnaires.

Persistence or change in leisure-time physical activity habits was evaluated by dividing
participants into sex-specific thirds using tertiles computed from the leisure-time physical
activity MET index at baseline and follow-up (Table 1). The participants in the first thirds
were categorized as inactive, in the second as moderately active, and in the third as active.
Persistence or change in leisure-time physical activity habits was based on remaining in the
same category during the follow-up or changing to another category (nine groups in total).

Assessment of confounding factors

Baseline BMI (kg/m?2), calculated from self-reported height and weight (29), as well age at
follow-up and the number of children at follow-up were used as continuous variables in
adjusted analysis. Work-related physical activity at follow-up was assessed with the
question about how strenuous work or studies are physically, see classification in table 1.
The question was slightly modified from Kujala et al. (30). Educational level was defined as
a highest level reached at follow-up. This question about education completed was re-
categorized as follows: 1) primary and compulsory education (nine years), 2) secondary
vocational and academic (up to 12 years), 3) tertiary education (>12 years, i.e. university
and polytechnics) (31). Chronic diseases were reported as having/not having chronic disease
or handicap interfering daily activities (32). Alcohol use at follow-up was assessed by
asking the frequency of drinking any alcohol (32), and responses were classified into five
categories (see table 1). Smoking status was defined as 1) current smoker, 2) occasional
smoker, 3) quitter, 4) never smoked, according to structured question (32).

Statistical analysis

Data were analyzed using Stata 12.0 (Stata Corp., College Station, TX, USA) and SPSS
Statistics 20.0 (IBM Corp., Armonk, NY, USA). All individual-based analyses were done
separately for men and women and carried out by taking into account clustered observations
of twins within pairs. The differences in characteristics of the participants between leisure-
time physical activity categories (inactive, moderately active, active) were analyzed with the
adjusted Wald test for continuous variables and Pearson’s y? test for categorical variables.
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The F-test (analysis of variance) with the clustered option for twin pairs was used to
compare differences in waist gain during follow-up among nine different leisure-time
physical activity groups (persistently inactive vs. other groups).

To further confirm the role of decreased or increased leisure-time physical activity in waist
gain, we re-categorized all same sex (MZ and DZ) twin pairs as well only MZ twin pairs in
which one twin was more active than the co-twin. With these categories, we performed
pairwise comparison of waist gain between 1) those who decreased activity (any change
from higher third to a lower one) and who increased activity (any change from a lower third
to a higher one); 2) the persistently inactive and those who changed from inactive to
moderately active or active; and 3) the persistently active and those who changed from
active to moderately active or inactive. Normally distributed data were analyzed with two-
sided paired-sample t-tests and non-normally distributed data with the Wilcoxon signed-rank
test. The same re-categorizing and comparison were done also at the individual level. In all
analyses the level of statistical significance was set at P <0.05.

Characteristics of participants

Over an almost 10- year follow-up (mean 9.5 y; SD 0.7, median 10.0 y), the mean waist
circumference increased 7.0 cm (SD 8.1) for men and 6.1 cm (SD 8.2) for women. BMI
increased during the follow-up 1.9 kg/m? (SD 2.4) for men and 1.8 kg/m? (SD 2.8) for
women. Characteristics of the study participants stratified by leisure-time physical activity
level (active, moderately active, inactive) and sex at baseline and follow-up are shown in
Table 1. Waist circumference differed significantly among activity groups in both men and
women at baseline and follow-up. Inactive men had an average greater body weight than
moderately active or active men, and BMI differed among all groups at follow-up, but not at
baseline. Active women had lower mean body weight and BMI than moderately active and
inactive women both at baseline and follow-up. Active and moderately active men appeared
to be slightly more educated than inactive men, and the latter more often had work with a
high occupational loading. In women, those who were not working or studying were more
often inactive than those who were working. Both men and women who had children were
less often physically active than those without children. Participants with chronic diseases
were distributed equally across all leisure-time groups, except that inactive men more often
had chronic diseases than others at follow-up. Less active people were more often current
smokers and daily alcohol users, especially among men.

Association between persistence or change in leisure-time physical activity and waist gain
in individual based analysis

Waist circumference increased in both sexes in all leisure-time physical activity groups
(persistence or change) (mean waist gain from 3.7 to 9.7 cm by group) during the follow-up
(Figure 2, Table 2). When comparing the waist gain of persistently inactive people to all
other groups (Figure 2, Table 2), persistently active men or men who increased activity
during follow-up gained less waist than the persistently inactive respondents did (P<0.05).
Men who decreased activity or stayed only moderately active got waist similar to that
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associated with being persistently inactive. Women, who stayed at least moderately active or
increased activity during follow-up, gained less waist than persistently inactive women
(P<0.01). Women who decreased activity level during the follow-up got waist as those who
stayed persistently inactive. Further, the highest mean waist gain occurred in men and
women who changed from active to inactive during the follow-up. Adjusting for potential
confounders, such as age, baseline waist circumference and BMI, work-related physical
activity, educational level, number of children, chronic diseases, smoking status and alcohol
use, did not change the results substantially (Table 2).

When comparing waist gain of all participants who decreased leisure-time physical activity
(men 8.4 cm; 95%Cl 7.6 to 9.2, women 7.5 cm; 95%CI 6.7 to 8.2) to those who increased
activity during follow-up (men 4.8 cm; 95%CI 3.9 to 5.6, women 4.3 cm; 95%ClI 3.6 to 5.0),
the difference was statistically significant (P<0.001) (Figure 3a). The persistently inactive
(men 8.1 cm; 95%CI 6.9 to 9.2, women 8.4 cm; 95%ClI 7.1 to 9.6) gained more
circumference than those, who were inactive at baseline but increased activity (men 5.2 cm;
95%CIl 4.0 to 6.4, women 4.7 cm; 95%Cl 3.7 to 5.6) during follow-up. Persistently active
respondents (men 6.3 cm; 95%CI 5.6 to 7.1, women 4.7 cm; 95%CIl 3.9 to 5.5) gained
significantly less circumference than those who were active at baseline but decreased
activity (men 8.5 cm; 95%CI 7.6 to 9.4, women 7.7 cm; 95%CIl 6.7 to 8.7) during follow-up.

Pairwise analysis among physical activity discordant twin pairs

Among leisure-time physical activity discordant twin pairs, twins who decreased physical
activity during the follow-up gained an average 2.8 cm (95%CI 0.4 to 5.1, P=0.009) more
waist than their co-twins who increased physical activity (n=85 pairs); among MZ twin pairs
(n=43), the difference was 4.2 cm (95%Cl 1.2 to 7.2, P=0.008) (Figure 3b and c, Table 3).
These pairwise differences remained statistically significant when each waist measure was
first divided by the corresponding BMI value (P=0.027 for all pairs, 0.027 for MZ pairs).
When comparing persistently inactive twins to their co-twins who were inactive at baseline
but increased activity during follow-up, the mean difference in waist gain was 4.7 cm
(95%CI 1.3 to 8.0) for all 41 pairs (P=0.007) and 4.0 cm (95%Cl, —0.8 to 8.8) for 22 MZ
pairs (P=0.10). Although the difference in waist gain between those who were active at
baseline but decreased activity during follow-up and those who were persistently active was
not significant among MZ twin pairs (n=43) (1.2 cm; 95%CI —1.9 to 4.4, P=0.44), it was
among all same-sex twin pairs (n=85)(2.9 cm; 95%CI 0.5 to 5.3, P=0.02).

Discussion

In this twin cohort study of young adults, an increase in leisure-time physical activity
(shifting from a lower third to a higher one) or staying active was associated with less waist
gain over the almost 10-year follow-up period. Any decrease in leisure-time physical
activity during the follow-up, regardless of starting category, led to a waist gain similar to
that of persistently inactive respondents.

Earlier studies among young adults have reported rather similar age-related mean waist
circumference growth during follow-up (10) as well as among middle-aged and older
populations (12,16). In particular our results stress the associations between changes in
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physical activity and waist gain. Although similar associations have been observed
previously (12, 16-18), prior studies did not focus on early adulthood, a period when age-
related weight and waist gain already seem to escalate (19,20), even as many other changes
in lifestyle and health occur. Earlier follow-up studies have also often focused on the
relationship between prolonged physical activity habits and weight and waist gain (9,10).
What is important to note from the current findings is that decreasing physical activity
regardless of baseline activity level is related to increased waist gain. This may have an
influence on the results of those studies which only look at the predictive value of baseline
physical activity on follow-up waist or obesity. In our study 52% of men and 57% of women
changed their leisure-time physical activity habits according to our criteria. More research is
needed on to determine how to prevent increased waist gain among those who must decrease
physical activity for various reasons.

Our results did not substantially change after adjusting the effect of physical activity change
on waist gain for potential confounders such as baseline waist circumference, BMI, work-
related physical activity, educational level, number of children, chronic diseases, smoking
status or alcohol use. We could not adjust our results for energy intake; however, our earlier
study in older twins showed that although the physically active were leaner, their daily
energy intake was higher than that of their inactive co-twins (33).

As genetics plays a role in exercise participation (23) and development of obesity (21,22), it
may be easier for some individuals to achieve high levels of physical activity and
appropriate body composition. This may lead to selection bias in observational follow-up
studies of nonrelated individuals, and make it difficult to assess the true extent of the causal
relation between physical activity and health outcomes. With pairwise analysis among all
same-sex twin pairs and MZ twin pairs, we could consider genetic background and
childhood environment, including differences in, for example, social class and education,
family structure and parenting practice. Pairwise analysis confirmed the importance of
maintaining or increasing leisure-time physical activity and the risk of decreasing activity
for waist gain, and gave evidence for causal relation between physical activity and reduced
waist gain. As expected, the relatively small number of physical activity discordant MZ
pairs reduced the power to detect possible differences in some comparisons.

We focused particularly on leisure-time physical activity instead of total daily activity
because modifying total daily energy expenditure through leisure-time physical activity is
emphasized currently while physical activity related to daily routines (e.g. work and
household) has decreased (24,25). We decided to use age-specific thirds when participants
were divided to physical activity classes (inactive, moderately active, active), since average
physical activity level seems to change with time in population. Use of age-specific cut-offs
leads to better statistical power. In our study sample the number of participants, who were
active at baseline and then even increased their level of physical activity at follow-up,
remained low. Consequently, analysis concerning this interesting target group was not
carried out. Both assessment of leisure-time physical activity and waist circumference
measurement were self-reported, which can lead to reporting bias, but made large
observational data collection possible. Because we had two follow-up points, it is not
possible to determine when changes in leisure-time physical activity occurred, or interpret
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causality. However, our pairwise analyses among monozygotic physical activity discordant
twin pairs gave evidence for causal relation between physical activity and reduced waist
gain. We focused particularly on waist gain instead of BMI because abdominal obesity is an
independent risk factor for all-cause mortality (34) and cardio-metabolic diseases (35-37).
Furthermore, when the waist circumference was divided by the corresponding BMI value,
the change in this ratio differed significantly between the twins who decreased physical
activity compared to their co-twins who increased physical activity, supporting the
importance of waist measurement as an indicator of the effect of physical activity.
Compared to the general population the BMI values of our twins are similar level or slightly
lower (38) meaning that the generalizability of the results is good.

In conclusion, regardless of physical activity level, waist circumference increased during
young adulthood. To attenuate this waist gain, increased leisure-time physical activity or
staying active seemed to be essential for both sexes. In contrast, despite the starting level,
any decrease in leisure-time physical activity led to waist gain that was similar to that
associated with being persistently inactive. These findings deliver an important public health
message to promote high leisure-time physical activity habits from early adulthood onward
to prevent age-related abdominal obesity. Physical activity level seems often to decrease
during early adulthood, and thus our results highlight also the need to establish how
increased waist gain can be attenuated among those people.
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‘What is already known about this subject?’

»  Abdominal obesity is an alarming health problem, and leisure-time physical
activity has the potential to prevent age-related waist gain.

»  Physical activity is related to smaller waist circumference and less abdominal
fat. However, constant physical activity may be insufficient to prevent age-
related waist gain.

‘What this study adds?’

» Changes in an easily measured waist circumference, which correlates well with
many cardio-metabolic risk factors, are associated with the changes in leisure-
time physical activity habits already in early adulthood.

e Our pairwise analyses among monozygotic physical activity discordant twin
pairs (comparing twins who decreased activity to their co-twins who increased
activity), controlled for segregating genes. This gives evidence for causal
relation between physical activity and reduced waist gain.
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Target group
Finnish Twins born 1975-1979

Questionnaire data collections:
5065 twins answered at mean age of 24.5 y, response rate 84.5%
4230twins answered at mean age of 34.0 y, response rate 71.9%

V

220twins excluded because of
missing data concerning
_— leisure-time physical activity,
weight, height or
waistcircumference

3866 twins
answered questionnaires
in both data collections
(at mean age of 245y
and34.0vy)

e 263 twins excluded because of
pregnancy atthe time of data

l collection

Final study group
3383 twins (1578 men and 1805 women),
including 1109 twin pairs:
393 MZ pairs (164 men pairs, 229 women pairs)
337 DZ same-sex pairs (174 men pairs, 163 women pairs)
342 DZ opposite-sex pairs
37 pairs with uncertain zygosity (23 men pairs, 14 women pairs)

Figure 1.
Flow chart of participants and data collection.

Obesity (Silver Spring). Author manuscript; available in PMC 2015 March 01.
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—
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= Men

p——

Women

Waist gain (cm)
)

i B R R R R

Persistently) From " From  From 'Persistmdy' from  From  From rFersista'mv
inactive /moderately activeto activeto moderate inactiveto inactive moderately active
activeto inactive moderately active moderately toactive active

inactive active active to active

Figure 2.
Persistence or change in leisure-time physical activity and waist gain (cm, mean and 95%Cl)

during follow-up. Significant differences are coded (persistently inactive as a reference
group): * P<0.05, T P<0.01, ¥ P<0.001.
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Figure 3.
Differences in waist gain (cm, mean and 95%CI) during follow-up (decreased activity:

changed from upper third to a lower one; increased activity: changed from a lower third to
upper one). A. Sex-specific differences among individuals taking into account clustered
observation of twin pairs. B. Pairwise difference among leisure-time physical activity
discordant same sex twin pairs. C. Pairwise differences among leisure-time physical activity
discordant monozygotic twin pairs.
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