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24k (n=21) BER (n=15) IR (n=6) pf&
£ B & 109%24 11.1£2.3 10.7 3.1 ns
IBFEE (%) +47.3%13.5 + 53.3£26.2 +324 £14.7 ns
B B (cm) 89.9+13.9 93.9 £12.5 79.9+12.9 0.03
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SFAs : /LIS FUB+RTFF ) Bk, MUFAs : /LS b LA VB LT VES. TiglEiZEES

n-6 PUFAs : |J / —JLEk+y ') / LB+ DREY / L UB+T7 5% F OBk,
n-3 PUFAs : al) / L VES+EPA+DHA
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INTRODUCTION

The prevalence of overweight or obese children
has increased since the late twentieth century in most
industrialized countries [1]. This prevalence doubled
or trebled between the early 1970s and late 1990s in
Australia, Brazil, Canada, Chile, Finland, France, Greece,
Japan, the UK, and the USA [2]. However, recent data
have shown that this increase in childhood obesity might
be declining [1].

Cross-sectional analysis has shown that the preva-
lence of obesity has gradually decreased since the early
2000s, with the highest prevalence in the late 1990s to
early 2000s in Japan [3]. Longitudinal studies have
shown that the critical periods for developing obesity
are in late infancy (between 5 and 6years of age) and
during the high school period in boys, and is mainly in
late infancy in girls [3]. Another issue to be solved in
Japan is the rapid increase in severe obesity in senior
high school adolescents [4].

The development of cardiovascular disease (CVD)
risk factors, including obesity, is associated with adverse
behavioral patterns, such as decreased physical activity
[5,6,8,9]; increased sedentary lifestyle, in particular tele-
vision watching [5-10]; and unhealthy dietary habits
[5,6,9]. Parental obesity is also strongly associated with
CVD risk factors in children and adolescents [5,6,91.

Therefore, the present chapter aims to evaluate the
effect of lifestyles of adolescents and their parents on the
levels of CVD risk factors in adolescents based on data
obtained from adolescent volunteers.

METHODS

Subjects

Two studies have been conducted in Japan. The
first study was conducted from 2006 to 2008 and was
announced through the local boards of education in three
areas: Toyama, Chiba, and Kagoshima prefectures. The
background of the first study has been described in detail
elsewhere [9]. The study included 1358 healthy adoles-
cent volunteers (587 males and 771 females), comprising
senior high school students aged 15 to 18years. All of
the subjects gave written informed consent. The study
consisted of a medical examination and a questionnaire.
Volunteers were asked to complete the questionnaires
before their medical examination. The questionnaire col-
lected data on the lifestyles of both the subjects and their
parents. Of the 1358 subjects, 54 participated in the study
twice, and only data from the first visit were used. Of the
remaining 1304 subjects, 549 did not complete the ques-
tionnaire and were excluded. Therefore, a total of 755
volunteers were included in the study (331 males and
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424 females). Subjects of both sexes included in the study
had lower mean levels of several CVD risk factors than
those who were excluded (data not shown), suggesting
that adolescent volunteers with more healthy lifestyles
were more likely to completely answer the question-
naire. We obtained permission from the ethics commit-
tee of the National Hospital Organization Kagoshima
Medical Center to use and analyze the data under the
condition that the confidentiality would be maintained
for all subjects.

The second study was conducted from 2012 onwards.
The subjects in this study were children and adolescents
in kindergartens, elementary schools, and junior high
schools in Japan. This ongoing study was conducted in
Kagoshima, Toyama, Fukuoka, and Aichi areas, and a
total of 954 children and adolescents participated during
2012. Of these, 200 adolescents aged 12-15years in junior
high schools were the final subjects of the study. All sub-
jects in the second study also gave written informed con-
sent. The second study was done using the same methods
as the first study. Volunteers were asked to complete
questionnaires before their medical examination. All
subjects in the second study completed the
questionnaires.

Physical and Blood Biochemistry Parameters

Height was measured to the nearest 0.1cm and weight
was measured to the nearest 0.1kg. Body mass index (BMI)
was calculated as (weight in kg)/(height in m)* Blood
pressure was measured three times using a TM-2571 auto-
mated oscillatory system (A&D Co. Ltd, Tokyo, Japan)
after subjects had rested for 10min in a seated position,
and the mean value of the second and third measure-
ments was used. Waist circumference was measured at
the umbilical level to the nearest 0.1cm.

Blood samples were collected the morning after an
overnight fast. Levels of high-density lipoprotein (HDL)
cholesterol were determined using a direct quantitative
assay. Triglyceride and fasting plasma glucose (FPG) lev-
els were measured using enzymatic assays and analyzed
using a JCA-BM9030 automated analyzer (JEOL Ltd,
Tokyo, Japan). Insulin levels were measured using a che-
miluminescence immunologic assay and an automated
Lumipulse Prestoll analyzer (Fujirebio Inc., Tokyo,
Japan). All assays were performed by SRL Inc, Tokyo,
Japan). The homeostasis model assessment of insulin
resistance (HOMA-IR) was used as a surrogate marker
for insulin resistance [11], and calculated as fasting insu-
lin (in wU/mL) x fasting glucose (in mg/dL)/405.

Levels of adiponectin, leptin, and high-sensitivity
C-reactive protein (hs-CRP) were measured at the same
laboratory (SRL Inc). These adipocytokines and/or
inflammatory markers are hereafter collectively referred
to as biomarkers. Adiponectin was measured using the
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Human Adiponectin ELISA kit (Otsuka Pharmaceutical
Inc, Tokyo, Japan), leptin measurement was done using
the Human Leptin RIA KIT (Linco Research Inc, St.
Charles, MO, USA), and hs-CRP was measured using
the N-Latex CRP II (Dade Behring Inc, Marburg,
Germany).

Definition of Cardiovascular Disease Risk
Factors, Metabolic Syndrome, and Obesity

Abdominal obesity, hypertension, elevated triglyc-
eride levels, decreased HDL cholesterol levels, and
hyperglycemia were used as CVD risk factors in the
present study. The definition of CVD risk factors was
based on that of the International Diabetes Federation
for the ages of 10-16years as follows [12]: triglycerides,
>150mg/dL; HDL cholesterol, <40mg/dL; blood pres-
sure, >130mmHg systolic or =85mmHg diastolic; and
FPG, >100mg/dL. Preliminary 90th percentile values in
male and female junior high school adolescents for waist
circumference were >80cm and >75cm, respectively,
based on data from the participants of the present study.
The definition of CVD risk factors for ages >16years
was based on that for adults as follows [13]: triglycer-
ides, >150mg/dL; HDL cholesterol, <40mg/dL in males
and <50mg/dL in females; blood pressure, >130 mmHg
systolic or >85mmHg diastolic; and FPG, >100mg/dL.
Preliminary 90th percentile values in male and female
high school adolescents for waist circumference were
>80 cm based on data from the participants of the present
study. The definition of metabolic syndrome was based
on that of the International Diabetes Federation [12,13].

The Examination Committee of Criteria for Obesity
Disease in Japan recommended a BMI >25kg/m?” as the
definition of obesity in the adult Japanese population
[14]. Therefore, adolescent obesity in the present study
was defined using the age- and sex-specific International
Obesity Task Force standard corresponding to a BMI cut-
off of 25kg/m?” at the age of 18years [15].

Assessment of the Lifestyles of Adolescents
and Their Parents

Self-reported lifestyle parameters for all subjects
included regular times of going to bed and waking up;
participation in school-based extracurricular (EC) physi-
cal activities; time spent in exercise, including walking,
jogging, cycling, and EC physical activities on weekdays
and holidays; time spent watching a screen, including
watching television, non-school-related computer use,
and games on weekdays and holidays; and score for eat-
ing breakfast (1, seldom; 2, occasional; 3, regular). Age,
height, weight, and the following lifestyle information
for both parents were also recorded: regular times for
going to-bed and waking up; time spent taking exercise,
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Characteristic Junior High School Adolescents Senior High School Adolescents

Males Females P value Males Females P value
Number 99 101 - 337 442 -
Age (years) 14.0 (0.9) 14.0 (1.0) 0.88 16.5 (0.8)* 16.7 (0.9) 0.01
Height (cm) 162.5 (8.4) 155.7 (5.5) <0.001 170.5 (6.1) 158.3 (5.3)= <0.001
Weight (kg) 50-9 (10.7) 47.4(6.7) 0.006 60.8 (10.3) 51.1 (6.5) <0.001
Body mass index (kg/m? 19.1(2.8) 19.5 (2.4) 0.32 20.9 3.1)+ 20.4 (2.3) 0.01
Waist circumference (cm) 68.0 8.1 68.1 (6.5) 0.89 72.3 (8.2)+ 71.2 (5.9 0.03
Systolic BP (mmHg) 106 (9) 100 9) <0.001 116 (10) 106 (10)++ <0.001
Diastolic BP (mmHg) 58 (8) 56 (7) 0.02 63 (9) 62 (9)+ 0.02
Total cholesterol (mg/dL) 161 (23) 170 (30) 0.03 161 (28) 174 (27) <0.001
LDL cholesterol (mg/dL) 89 (20) 97 (26) 0.02 89 (24) 96 (23) <0.001
HDL cholesterol (mg/dL) 61 (12) 61 (11) 0.95 59 (12) 65 (13) <0.001
Triglycerides (mg/dL) 54 (39, 79) 63 (46, 84) 0.13 53 (41,74) 52 (39, 69)= 0.23
FPG (mg/dL) 87 (6) 85 (5) 0.004 88(7) 86 (6) <0.001
Insulin (WU/mL) 72(5.3,10.7) 87(5.7,11.2) 0.07 6.4 (4.3,9.1) 7.0(5.1,9.5) 0.07
HOMA-IR 1.6(1.1,2.3) 1.8(1.2,25) 0.16 1.4 (0.9,2.0) 1.5(1.1,2.1) 0.26
No of CV risks 0204 0.2(0.4) 0.65 0.7 (0.9)~ 0.6 (0.8) 011
Adiponectin (ng/mL) 10.0 (4.1) 9.9 (4.6) 0.89 10.5 (4.0) 12.0 (4.6) <0.001
Leptin (ng/mL) 2.3(1.8,4.3) 79(5.7,12.8) <0.001 1.1(0.8,2.2)~ 6.2(4.2,8.6) <0.001
Hs-CRP (ng/mL) 82 (52,177) 69 (25, 147) 0.053 111 (152, 268)* 58 (50, 137) <0.001
Birth weight (g) 3036 (533) 3014 (401) 0.74 3154 (425) 3053 (407) <0.001
Breast feeding (mo) 10.3 (4.3) 8.3(4.9) - 7.3 (5.5)* 78(5.2) 0.29
Lifestyle factor
EC activities (%) 73 47 <0.001 62 35 <0.001
Exercise (w, m) 90 (58, 120) 60 (30, 120) 0.16 120 (35, 150) 40 (10, 120) <0.001
Exercise (h, m) 120 (30, 218) 60 (0, 180) 0.006 120 (30, 210) 30 (0, 120) <0.001
Exercise (av, m) 90 (51, 150) 73 (25, 137) 0.04 120 (39, 167) 40 (13, 129) <0.001
Screen (w, m) 90 (60, 150) 90 (60, 120) 0.46 120 (60, 180) 90 (60, 150) 0.70
Screen (h, m) 180 (120, 278) 180 (120, 240) 0.48 180 (120, 240) 180 (120, 240) 0.10
Screen (av, m) 118 (77,177) 120 (77,171) 0.92 120 (77,184) 120 (69, 180) 0.21
Regular breakfast (%) 96% 93% 0.54 96% 92% 0.05

“Data are expressed as the mean (standard deviation). *Statistical analysis was performed for each sex between junior and high school adolescents; significance levels are shown

asr*P<0.05. *P<0.01. *+P<0.001.

Variables with highly skewed distribution (triglycerides, insulin, HOMA-IR, leptin, high-sensitive CRF, exercise time, and screen time) are expressed as the mean
(95% confidence interval).BP, blood pressure; CVD, cardiovascular; EC activities, extracurricular physical activities; exercise, exercise time; FPG, fasting plasma
glucose; HOMA-IR, homeostasis assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; screen, screen time;
(w, m), (weekday, minutes); (h, m), (holiday, minutes); (av, m), (average value per day, minutes).
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TABLE 20.2 Characteristics of Parents’
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Characteristics Junior High School Adolescents Senior High School Adolescents
Males Females Males Females
Characteristics and lifestyle of fathers
Age (years) 441 (5.4) 45.3 (6.7) 47.5 (4.6) 481 (5.2)
Body mass index (kg/ m?) 24.0 (3.4) 23.8(3.2) 23.7 (3.2) 23.5 (2.6)
Exercise (av, m) 14 (0, 43) 17 (0, 51) 10 (0, 39) 17 (0, 43)
Screen (av, m) 150 (93, 197) 150 (77, 214) 129 (77, 180) 137 (94,
206)
Having a regular breakfast (%) 76 69 80 81
Smoking rate (%) 39 40 42 42
Characteristics and lifestyle of mothers
Age (years) 44.1(5.4) 43.5(5.2) 44.8 (3.7) 45.4 (4.1)
Body mass index (kg/ m? 24.0 (3.4) 22.3(4.2) 21.7 (2.8) 21.7 (3.0)
Exercise (av, m) 0(0,21) 0(0,21) 9 (0, 30)* 15 (0, 30)"
Screen (av, m) 124 (75, 180) 120 (60, 184) 120 (77, 180) 137 (77,
194)
Having a regular breakfast (%) 90 89 89 89
Smoking rate (%) 6 8 1 8

“Data are expressed as the mean (standard deviation). *Mothers of male and female senior high school adolescents had a longer exercise time than those of junior high school

adolescents.

Highly skewed variables in distribution (exercise time and television-watching time) were log-transformed before analysis to yield unimodal symmetry. These data
are expressed as the median (interquartile ranges).Exercise (av, m), exercise time (average value per day, minute); screen (av, m), screen time (average value per day).

including walking, jogging, and cycling on weekdays
and holidays; time spent watching a screen, including
watching television and playing television- and/or com-
puter-based games on weekdays and holidays; score for
eating breakfast (1, seldom; 2, occasional; 3, regular);
and history of smoking. Information on birth weight of
the adolescents and duration of breastfeeding during
infancy was obtained from the mothers.

Statistical Analysis

Data are expressed as the mean and standard devia-
tion. Data for highly skewed variables in distribution
are expressed as the median and interquartile range.
Differences in mean values were examined using
unpaired Student’s t-tests. To determine the effect of
lifestyles of adolescents and their parents on the levels
of adolescent CVD risk factors, multivariate regression
analyses were performed using each CVD risk level as a
dependent variable, and the significant variables (P value
<0.05) in previous simple regression analyses as inde-
pendent variables. Highly skewed variables were log-
transformed to yield unimodal symmetry, and these are
indicated by In(variable) hereafter to indicate the trans-
formation. In regression analysis, dependent variables

included BMI, waist circumference, systolic blood pres-
sure, HDL cholesterol, In(triglycerides), In(insulin),
In(HOMA-IR), the number of CVD risk factors, adipo-
nectin, In(leptin), and In(hs-CRP). Independent variables
include age, presence or absence of participation in EC
physical activities, In(exercise time), In(screen time),
presence or absence of a regular breakfast for adolescent
volunteers, age, BMI, In(exercise time), In(screen time),
and the presence or absence of smoking habits of par-
ents. Statistical analysis was performed using IBM SPSS
Statistics version 21.0 (Tokyo, Japan). Results with a two-
sided P value <0.05 were considered to be significant.

RESULTS

Characteristics of Subjects

Sex differences were present in junior and senior high
school adolescent volunteers. Sex differences in height,
weight, systolic and diastolic blood pressure, total cho-
lesterol, FPG, and leptin were found in junior high school
adolescents. Sex differences in age, height, weight, BMI,
waist circumference, systolic and diastolic blood pres-
sures, total cholesterol, and HDL cholesterol, FPG, insu-
lin, adiponectin, leptin, hs-CRP, and birth weight were
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TABLE 20.3 Effect of Lifestyle on Cardiovascular Risk Factors in Junior High School Adolescents by Simple Regression Analysis

BMI WC  SBP HDLc In(TG)? FPG E‘nsulin),, ig OMALIR)* ::k(’f AN In(leptin)® :ES_ CRP)*
factors

Males (1=99)

Age 3.66 399 244  -236° 2.09 - 2.18 2.15¢ - - - -
EC activities® -4.34+ 469+ -3.14~ 3.73~ =281~ - —2.30¢ —2.16* -2.86 - —4.08~ -
In(screen time)* - - - - - - 2.63" 2467 - - _ _
In(paternal - - - - - - - - - 231 - -

exercise time)”

Maternal BMI 3.19~  3.89* - - - - - _ - - 350+ _
Females (n=101)

Age 2.09 - - - - - - - - - - -
EC activities® ~ -2.86° -2.95° - 3.60 2240 - - - - - 530 -
In(exercise time)* -3.66'+ -3.49 -2.85~ 3.16* - - - - - ~ _3.80" _
Paternal BMI 321+ 327+ - -2.26° - - - - 2.39+ - 2.40- -
Maternal BMI 310«  4.04 - 207+ - 2.08 - - 3.33+ - 2.42¢ -

*P<0.05. P <0.01. =P <0.001. “Highly skewed variables in distribution (levels of triglycerides, insulin, HOMA-IR, leptin, hs-CRP, exercise time, and screen time) were
log-transformed before analysis to yield unimodal symmetry, which are indicated by In(variable) to indicate the transformation. * Adolescents were asked whether they participated in

EC activities (1, participated; 0, did not participate).

Values are expressed as t-values obtained by simple regression analysis. Data without significance were not included in the table. —, Variables that were not
significant in simple or multivariate regression analyses. AN, adiponectin (in pg/mL); BMI, body mass index (in kg/m?); EC activities, extracurricular physical
activities; exercise or screen time, average time spent (in min) per day for exercise or watching a screen; FPG, fasting plasma glucose (in mg/dL); HDLc, high-density
lipoprotein cholesterol (in mg/dL); HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein (in ng/mL); regular
breakfast, regular breakfast consumption; SBP, systolic blood pressure (in mmHg); TG, triglycerides; WC, waist circumference.

found in senior high school adolescents (Table 20.1).
Female adolescents showed a significantly lower rate of
participation in EC physical activities and spent signifi-
cantly less time on exercise than did male adolescents in
junior and senior high school. In contrast, the amount
of screen time was similar for both sexes (Table 20.1).
No junior high school volunteers fulfilled the criteria of
metabolic syndrome; four senior high school volunteers
fulfilled the criteria.

Parental BMIs and time spent watching a screen were
similar for both sexes (Table 20.2). Mothers of male and
female senior high school adolescents participated in
more exercise than did those of junior high school
adolescents.

Effect of Lifestyle on Cardiovascular Disease
Risk Factor Levels in Junior High School
Adolescents

The effect of lifestyle on CVD risk factor levels deter-
mined by simple and multivariate regression analysis is
shown in Tables 20.3 and 20.4. Multivariate regression
analysis showed that the effect of adolescent lifestyle on
BMI or waist circumference was different between sexes.

In male adolescents, BMI and waist circumference were
associated with maternal BMI, but not with paternal BML
Participation in EC physical activity greatly decreased
with worsening BMI and waist circumference. In female
adolescents, BMI and waist circumference were associ-
ated with paternal and maternal BMI. Participation in EC
physical activity was widely associated with improved
CVD risk factors, except for obesity, including lowering
systolic blood pressure, increasing HDL cholesterol lev-
els, decreasing the level of In(triglycerides), and decreas-
ing the accumulation of CVD risk factors.

Effect of Lifestyle on Cardiovascular Disease
Risk Factor Levels in Senior High School
Adolescents

The effect of lifestyle on CVD risk factor levels deter-
mined by simple and multivariate regression analysis is
shown in Tables 20.5 and 20.6. Multivariate regression
analysis showed that the effect of adolescent lifestyle on
BMI or waist circumference was sex dependent and was
different between junior and senior high school adoles-
cents. In male adolescents, higher paternal and maternal
BMI were independently associated with a high BMI and
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TABLE 20.4 Effect of Lifestyle on Cardiovascular Risk Factors in Junior High School Adolescents by Multivariate Regression Analysis

In

BMI WC SBP HDLc In(TG)*  In(insulin)® (HOMA-IR)* No of risks AN  In(leptin)®

Males (2=99)
EC activities® -3.09+ =340~ 24 2.99+ -2.14 - - -2.86* - ~3.74+
In(screen time)® - - - - - 2.68~ 2.51~ - - -
In(paternal - - - - - - - - 231 -

exercise time)*
Maternal BMI 2.87+ 3.64= - - - - - - - 343+
Females (n=101)
EC activities - - - - —2.24 - - - - -3.18=
In(exercise time)®  — - -2.85¢ - - - - - - -
Paternal BMI 3.08* 3.03+ - - - - - 248 - -
Maternal BMI 2.65 392 - - - - - 317 - 2.29¢

*P<0.05.*P <0.01. P <0.001. “Highly skewed variables in distribution (levels of triglycerides, insulin, HOMA-IR, leptin, hs-CRP, exercise time, and screen time) were
log-transformed before analysis to yield unimodal symmetry, which are indicated by In(variable) to indicate the transformation. *Adolescents were asked whether they participated in

EC activities (1, participated; 0, did not participate).

Values in the table are expressed as the t-value by multivariate regressmn analysis. Data without significance were not included in the table.

greater waist circumference. Paternal BMI had a stron-
ger effect on male adolescent BMI and waist circumfer-
ence than did maternal BMI. Having a regular breakfast
was associated with a lower BMI and smaller waist cir-
cumference. Conversely, higher maternal BMI, but not
higher paternal BMI, was associated with a high BMI
and greater waist circumference in female adolescents.

Participation in EC physical activity had a large effect
on the following risk factors in male and female senior
high school adolescents: levels of HDL cholesterol,
In(triglycerides), In(insulin), In(HOMA-IR), adiponectin,
and In(leptin) in both sexes; and systolic blood pressure
and the total number of CVD risk factors in male senior
high school adolescents. Time spent watching a screen
was negatively associated with HDL cholesterol levels
for both sexes. Additionally, a longer time spent watch-
ing a screen was associated with high levels of
In(triglycerides) and In(leptin) and low levels of adipo-
nectin in female senior high school adolescents.

Concerning the association between In(screen time)
and obesity in junior and senior high school adolescents,
In(screen time) was weakly associated with a higher
waist circumference (abdominal obesity) only in female
senior high school adolescents. Screen time of >120min/
day was not associated with the presence of obesity, as
defined by international cut offs, or with the presence of
abdominal obesity defined by increased waist circumfer-
ence (data not shown).

Birth weight and duration of breastfeeding were not
significant for either sex (data not shown).

DISCUSSION

The present study shows that participation in school-
based EC physical activities and parental BMI are
strongly associated with the levels of one or more CVD
risk factors in adolescents. We also show sex differences
and age-specific effects on adolescent BMI and waist
circumference, indicating that strategies to prevent the
development of CVD risk factors in adolescents should
account for sex and age.

Physical activity, especially moderate-to-vigorous
physical activity, is associated with beneficial metabolic
profiles [8,16]. Participating in EC activities to experi-
ence sports or liberal arts are encouraged in junior and
senior high schools in Japan. In the present study, mul-
tivariate regression analysis showed that participation
in EC physical activities is highly associated with
improving levels of CVD risk factors in male and female
adolescents. Especially in male adolescents, participat-
ing in EC physical activities is associated with improve-
ments in many CVD risk factors, such as abdominal
obesity, hypertension, low HDL cholesterol levels, and
high triglyceride levels in the junior high school period,
and hypertension, low HDL cholesterol levels, high tri-
glyceride levels, and insulin resistance in the senior
high school period. In female senior high school adoles-
cents, participating in EC activities is associated with
improvements in levels of CVD risk factors. The United
States Department of Health and Human Services has
called for an expansion of school-based EC sports
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