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ABSTRACT

CORONARY HEART DISEASE RISK FACTORS AND HEALTH-RELATED
FITNESS OF ADOLESCENTS IN NITEROI, RIO DE JANEIRO, BRAZIL
By

Rosane Carla Rosendo da Silva

The purpose of this study was to determine the status of selected risk factors for
coronary heart disease (CHD) and components of health-related physical fitness
(cardiorespiratory fitness and body fatness) among adolescents in Niteroi, Rio de Janeiro,
Brazil, taking into account the effects of race, socioeconomic status (SES) and sexual
maturation. The CHD risk factors included in the study were smoking, overweight,
elevated blood pressure, inactivity, relative fat distribution, and low fitness. The
relationship of cardiorespiratory fitness (CF) and physical activity (PA) with CHD risk
factors, and the clustering of risks were also investigated. A total of 329 subjects (126
males and 203 females) were included in the study. The results indicated that race had no
relationship with CF, PA or the CHD risk factors. Non-Whites tended to show a higher
prevalence of elevated BPs and overweight, and also more centrally distributed fat. Non-
White males were more likely to be smokers, while the reverse occurred among females.
SES did not explain any part of the variance in CF or in CHD risk factors, except that
lower middle class status explained 3% of the variance in PA. Lower SES individuals
were at higher risk for smoking, elevated BPs and inactivity. Middle class girls and lower

class boys were more likely to be overweight. CF had no relationship with BPs. BMI,



TER, or WHR. CF was inversely related to Z6SF, and a positive relationship was
observed with PA. Boys at risk for low fitness tended to have lower PA, higher BPs, and
significantly higher Z6SF. Significantly lower PA, higher BMI, 26SF and TER were
characteristic of females at risk. BPs also tended to be higher among these girls. PA did
not explain any part of the variance in Z6SF, BMI, TER, WHR, or SBP. PA was
inversely related to DBP. Inactive boys tended to show higher BP values, while girls
tended to have lower CF and higher Z6SF, TER, WHR, and BPs. Risk factors clustered
\;ithin approximately 25% of individuals. Inactivity was present in all clusters. Few
individuals clustered 3 and 4 risk variables. Non-White females tended to cluster risk
factors more frequently than White females. The results demonstrated that CF and PA
had no or a low relationship with the selected risk factors measured in this study. They
also showed that Non-White and lower class subjects are more prone to have CHD risk

factors.
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DEDICATION

*“ Because I experienced the future,
I need to be strong in the present,
I need to be restless,

I want a better country.”

Carta a Republica, Milton Nascimento

To Julia and all Brazilian youth.
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CHAPTER 1
INTRODUCTION

Degenerative diseases, including coronary heart disease (CHD), are the major
causes of death of adults in developed countries and in some segments of the population
in developing countries, especially the more affluent. The high mortality/morbidity in the
last four decades is related to increases and changes in food consumption, decrease in
physical activity levels, increase in cigarette use, and also increase in stress levels. The
more affluent segments of the population in developing countries also experience these
changes in lifestyle, as they are more exposed to and can afford the amenities of the
developed world.

Mortality rates due to infectious diseases _have‘ declined in developing countries,
particularly in the second half of thi_s century, while degenerative diseases are increasing
in all segments of the population.. This shift of primary causes of death is defined as the
epidemiological transition (Omran, 1971). Mortality due to cardiovascular diseases in
Brazil has increased from about 12% in 1930s to 33% in the 1980s (Briscoe, 1990). In the
most developed areas of the country (Southeast and South), proportionate mortality is
even higher, 35% and 38%.

Data on the major risk factors for CHD are presently limited for the Brazilian
population, especially at young ages. Hypertension has an estimated prevalence of 15%
(Ministry of Health, 1993), although studies from different parts of the country indicate

that the prevalence ranges from 6.6%% to 55.8% (Rosendo da Silva, 1996). Smoking
Prevalence is 13.9% and 10%, respectively, for males and females (Ministry of Health,
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1993). The prevalence of overweight has increased in children 1 to 4 years of age as well
as in adults 25 to 64 years of age from 1974 to 1989, and it is higher in females than in
males (Monteiro et al., 1995b).

The prevalence of physical inactivity was estimated at 67% of the population in
1988 (Rodrigues, 1989) and recent data from the Survey on Standards of Life (IBGE on-
line, 1998) showed that 81% of the participants were inactive. Data from Rio Grande do
Sul showed that 47% of middle class and 25% of lower class adults exercise regularly in
their leisure time (Achutti et al., 1988 as cited by Briscoe, 1990). Unfortunately, the
definitions of activity level are not reported. The increase in CHD mortality in Brazil
appears to be partially explained by a corresponding increase in the prevalence of risk
factors in the population.

The atherosclerotic process begins in early life and manifests itself as CHD in
adulthood. However, Rowland (1991, 1996) has argued that there is no study to prove
that decreasing risk factors of CHD in early life will decrease disease occurrence later on.
Nonetheless, risk factors tend to track from adolescence to adulthood, independently or
clustered. For example, Raitakari et al. (1995) reported that the risk factors of CHD
(hyperlipidemia, high blood pressure, smoking and physical inactivity) tend to cluster
from adolescence to young adulthood (12 to 24 years) in a Finnish sample.

The only risk factor more or less consistently related to exercise at young ages is
obesity (Rowland, 1991). Obesity is often related to physical inactivity and nutritional
lifestyle, and obesity in later childhood and adolescence are good predictors of adulthood
status (Vaccaro and Mahon, 1989). Obesity is thus an important risk factor in children.

especially when associated with hypertension and high serum lipids.



It is well reasonably established that regular physical activity can decrease the risk
of CHD in adults, thus diminishing the disease burden on society. School physical
education programs have adopted the health-related fitness model as a way to improve
physical fitness in childhood and adolescence and to promote an active lifestyle which
presumably carries over into adulthood. This model is based to a large extent on adult
morbidity and mortality, i.e., CHD (Bar-Or and Malina, 1995; Malina, 1995b; Rowland,
1996). It has been argued that regular exercise does not improve children's health per se,
and no data are currently available to support or refute the concept that regular physical
activity during childhood and adolescence prevents the development of risk factors
during growth and maturation. The extent to which exercise can slow the atherosclerotic
process is not known. Further. Després et al: (1990) noted that data relating exercise to
decrease in CHD risk in children are not conclusive, especially for children with normal
ranges of risk factors. Exercise may play an important role for those at higher risk:
however, individual variation in the magnitude of response must be taken into account.

The debate on the role of school physical education in promoting active lifestyles
to be carried over into adulthood in the U.S. and Europe has influenced Brazilian scholars
to begin to discuss the role of physical education in Brazilian education in the middle of
the 1980s. Several Brazilian scholars proposed a focus on health-related fitness in the
physical education curriculum (Nahas and Corbin, 1992a, 1992b; Guedes and Guedes,
1993a, 1993b, 1994). However, few studies of health-related physical fitness have been
done in Brazil (Barbanti, 1982; Béhme and Freitas, 1989; Guedes, 1994; Queiroz, 1992;

Silva, 1992) and these are presently limited to descriptive data on children and

adolescents from Itapira (Sdo Paulo), Vigosa (Minas Gerais), Londrina (Parana). Rio
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Branco (Acre), and Manaus (Amazonas). No analyses of the data were provided on the
basis of race, socioeconomic status (SES), sexual maturation, or habitual physical
activity. Some authors (Guedes, 1994; Queiroz, 1992; Silva, 1992) related physical
fitness and cardiovascular health, but none investigated CHD risk factors. Few studies on
habits of physical activity have been carried out in Brazilian children (Andrade et al .
1996, 1998; Matsudo et al., 1996, 1998).

The purpose of this study is to investigate the prevalence of selected risk factors
of CHD and components of health-related physical fitness in adolescents taking into

account race, SES, habitual phvsical activity, and sexual maturation.

Research Questions

What is the status of selected risk factors for CHD and health-related physical
fitness of adolescents in Niteroi, Rio de Janeiro?

Sub-questions
1. To what extent do sociodemographic characteristics predict selected risk factors for

CHD and health-related physical fitness in adolescents?

[$5)

. What is the relationship between cardiorespiratory fitness and selected risk factors for

CHD in adolescents?

[9%]

. What is the relationship between level of physical activity and selected risk factors for
CHD in adolescents?

4. Do risk factors for CHD cluster within individuals?






Limitations

The study is cross-sectional and permits only an indication of the status at the
time of the study. The study was based on a convenience sample. It thus may not be
representative of the whole school population of the same age in Niteroi, and it may nor
represent adolescents of the same age that are out of the school system. Another
limitation is that students in the public school system are mainly from low SES families,
which represent the major economic status of the Brazilian population; however, the

characteristics of this group may differ from groups with higher SES background.

Significance of the study

In addition to descriptive data on growth, health-related physical fitness and
selected CHD risk factors, the study also provides information about the relationships of
SES and ethnicity with risk factors and health-related physical fitness. Such data may be
important to integrate physical education with other health programs targeted to this age

group.



CHAPTER 2

REVIEW OF LITERATURE

Socioeconomic changes that allow for improvements in living conditions,
nutrition and health care in developed countries also contribute to the shift from high
mortality due to infectious diseases to increased mortality due to degenerative diseases,
especially CHD (Omran, 1971). Since the increase in case fatality and prevalence of
these diseases were noted, studies have been conducted to identify factors that enhance
the risk for CHD. Five major modifiable risk factors have been identified:
hyperlipidemia, cigarette smoking, hypertension, overweight/obesity, and physical
inactivity.

Physical activity is a relevant area of investigation and several agencies and
organizations such as the International Federation of Sports Medicine (1990). American
Heart Association (Fletcher et al., 1992), the World Health Organization/ International
Society and Federation of Cardiology (Bijnen et al., 1994), the Centers for Disease
Control and Prevention/American College of Sports Medicine (Pate et al., 1995), and the
Surgeon General US Public Health Service (CDC, 1996) have emphasized the
importance of the adoption of regular physical activity to enhance health status. Although
much is known about the effects of regular physical activity on disease prevention and
rehabilitation in the adult population, more research is needed on the determinants of
physical activity and on the effects of physical activity on children and adolescents.

Physical fitness is defined as “a set of attributes that people have or achieve, that

Telates to the ability to perform physical activity” (Caspensen et al., 1985, p. 129).
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Phuysical fitness has focused on two goals: health-related fitness and skill-related fitness
( sports-related or performance-related fitness). In general, skill-related fitness shows a
11 rnited relationship to health, due to the high dependence on motor skills,
c a rdiorespiratory power and capacity, muscular strength, power or endurance, body size,
b < dy composition, motivation, and nutritional status (Bouchard and Shephard, 1994).
Health-related fitness includes components that are related to health status and
2 = '®itual physical activity, especially in adults. Recently, Bouchard and Shephard (1994)
> T <oposed several components of health-related physical fitness: morphological (body
<= <> =nposition, fat distribution, mass for height, joint flexibility, and bone density);
T x =& w_=mscular (power, strength, and endurance); motor component (agility, balance,
<= «<—> <ordination, and speed); cardiorespiratory (oxygen transport, function of heart and lung
<== == dblood pressure); and metabolic component (glucose tolerance, lipid and lipoprotein

T m «tabolism, and choice of metabolic substrate). Several of these components and specific

== «<=tors are related to CHD.
The relationship between health-related physical fitness and CHD risk factors in

B r— =2 = jlian adolescents must be studied in the context of growth and nutritional status
$® ~~—~<n concern for nutritional conditions in parts of Brazil. A child’s current growth status

< cts his/her nutritional history, and this is especially true in developing countries.
B .. . .
® k1 growth status and current nutritional status may influence health-related physical
<=s5 as well as physical activity. Sexual maturation is an additional factor that

in - .
W a ences variation in growth, health-related physical fitness and CHD risk factors

(LI S
® m g puberty. Therefore, this review is divided into three sections: Growth and

M
% %1 ration, health-related physical fitness, and CHD risk factors in adolescents,



respectively.
Growth and sexual maturation of adolescents

The growth status of children is an important parameter in evaluating the health
a rad nutritional status of a population (WHO, 1995). Growth refers to an increase in body
s 1 =e¢, it is influenced by genetic and environmental factors in an interactive manner.
-~ 1 though the genetic factors are of predominant influence, environmental factors such as
T2 LA trition have significant effect (Bouchard et al., 1997).
The most widely used method for assessing growth status is anthropometry.
== = =ature and body weight are the major indicators because both measures are universally
== g pPlicable, inexpensive and non-invasive (WHO, 1995). Three indices are commonly
w_m == <=d to evaluate growth status in children: height-for-age, weight-for-age, and weight-
¥ <—> 1 —height. These indices are often expressed in terms of z-scores or percentiles relative to

™« & erence data to allow for classification of stunting, wasting, thinness, risk for

& "< rweight, and obesity based on specific cut-off points (WHO, 1995). The United States
N == 1onal Center for Health Statistics (NCHS) data are recommended as the international

' & = rence, because these data fulfill most of the criteria of sampling and analysis required

fo < etermining a reference population (WHO, 1983).
The major data set on the growth of Brazilian children is from the Santo André
i NEN <Ay, (Marcondes et al., 1982). Phase I of the study was carried out in 1968/69 on
== 1 cren from birth to 12 years of age. Children and adolescents from 10 to 19 years were
= <A ied in Phase 11, which took place in 1978. The Santo André Study data have the
hr}l 2 % ation of non-generality to other groups within the country. At the time of the study,

T < André was one of the most industrialized cities in Brazil, with higher wages and
8



better living conditions than most cities in the rest of the country. Therefore, the sample
is from a more affluent segment of the Brazilian population. Nevertheless, the Santo
A ndré data may be used as a reference for the country in the same manner that the NCHS
d aata are internationally used (Marcondes et al., 1982). However, when the Santo André
= ta are compared to the NCHS reference, the Brazilian population is shorter and lighter,
e ss pecially after 11 years of age (Marques et al., 1982).
Although several years have passed since the Santo André survey, the data still
<= poresent a better off sample compared to the other geographic regions of Brazil. A group
<> & 400 students 10 to 14 years from Campina Grande (a municipality of Rio Grande do
I~ «oorte, Northeast Brazil) was evaluated for stature and weight (Dinoa and Assis, 1990).

«_" <>mpared to the Santo André reference, the values from Campina Grande for height-for-

<= =— < and weight-for-age are lower.

= wmm tritional status

Indices for the nutritional status among adolescents are the body mass index
(== INA1, weight/height?) and height-for-age (WHO, 1995), which are also ordinarily
(— B pared to NCHS reference data. However, the use of height-for-age in an adolescent
= Ple must be done cautiously due to the differential timing of growth spurts and the
™ =y ®a ence of sexual maturation on height and weight. Specific BMI percentiles are
= <Smmmended to determine thinness (<5Sth percentile), risk for overweight (>85th
pQPQemile) and overweight (>95th percentile, Himes and Dietz, 1994; WHO, 1995).

Using data from the National Survey of Households, Anjos et al. (1998)

=
<=1 oped a BMI percentile reference for the Brazilian population aged 0 to 25 years.
9



C omparing this reference to the NCHS reference, mean BMI values are similar until 6
years of age and lower thereafter. Comparison of the Sth and the 95th percentiles between
t e two populations shows that the differences increase after 5 years of age. The
d 1 fferences between populations are less than 5 BMI units for any age and sex.
Nutritional status is commonly evaluated using arm anthropometry. because
rxx wiscle mass is an indirect indicator of protein reserve (Gurney and Jelliffe, 1973). When
v n tritional requirements are not met, the protein in the muscle mass is utilized to generate
< xa ergy. Malnourished individuals have smaller arm muscle areas because of lower
F—> x—<tein reserve. In many surveys, the upper arm muscle area is estimated from relaxed
== == circumference and the triceps skinfold. Reference data are also derived from NCHS
<3 == ta(Frisancho, 1990). Wasted individuals show an upper arm muscle area < 5th
I—> ==rcentile for sex and age, while individuals with good nutrition have an upper arm
=X m nascle area > 95th percentile. Average values range from the 15th to the 85th percentiles.
= «=>x differences in estimated arm muscle area are significant after 12 years of age,

™« 1 ecting the male adolescent spurt in muscle mass.

e Y mutrition

Chronic malnutrition affects normal growth. Individuals small for gestational age
T — s horter in stature during childhood and also in adolescence (Frisancho et al., 1994),
—= === 3 esting that malnutrition during fetal life has a long term effect. Malnutrition has its
™ = jor lasting effects during early childhood, resulting in stunting that is often not

=~ ~
<=rsed

Malnutrition in fetal life also appears to predispose individuals to cardiovascular

10




d1sease in adulthood (Barker and Osmond, 1992). Sawaya et al. (1995) found that stunted
adolescents living in a shantytown in Sao Paulo were at higher risk for obesity (weight-
for-age > 120% NCHS reference data) than adolescents with normal height-for-age. The
o revalence of obesity was 10.8% for stunted boys and 7.8% for normal height-for-age
b ©ys. and 35% and 13% for their female counterparts, respectively.
The major determinant for malnutrition is low SES. Low SES not only restricts
T Ix < amount and type of food to be prepared and served, but also influences living
<= <>nditions, including sanitation, water supply, and crowding. These are all related to
=a w a gmented risk for infectious diseases (Martorell, 1996). Low SES is also associated with
R « sssaccess to health care (PAHO, 1994b). There is an overrepresentation of Blacks and

I = rdos in the lower SES in Brazil; hence, it is expected the prevalence of malnutrition to

®—> « higher in these racial groups.
Malnutrition also affects learning and intellectual performance, which influences

" Ork qualification (Berg, 1973). The economic consequence of malnutrition is that the
2 <= ~~verthe qualification, the lower the income. Further, in a job that is more dependent on
— ¥~ sjcal work output, output may be diminished in individuals exposed to malnutrition
X w_axrj ng childhood. A lower work output is in turn related to lower income, especially in
tR Wm =5 Kk jlled workers. Therefore, the malnutrition cycle includes lower work output, less
i “<— < me generated, poor living conditions and more malnutrition (Martorell, 1996).
g & <=2 1 nutrition also decreases the number of working years, and increases accident rates at
<> K and absenteeism (Berg, 1973). In summary, malnutrition has negative effects on

L : . .
= <> mme in two ways: directly by decreasing work capacity and indirectly by lowering

W
== k¢ qualification.
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To investigate the effects of malnutrition on work output comparisons of maximal
oxygen consumption (V O, max) or physical work capacity at heart rate 170 beats per
rminute (PWC 170) between well-nourished and undernourished individuals have been

rxxade. Barac-Nieto et al. (1984) studied Colombian boys 6 to 16 years and found that
12 mndernourished children (either body weight or height <95th of Colombian reference
< =ata) had lower absolute V O, max. However, when V O, max was expressed relative to
> «<ody weight, undernourished children showed higher values than the well-nourished due
T < the lower body weight of the former. When expressed in units of lean body mass
« X_BM), VO, max was also higher in malnourished boys, which was explained by the
= & sher relative proportion of body weight as LBM. The higher V O, max/LBM was also
== < counted for by higher oxidative capacity per unit of LBM. Any task requiring a given
<—> ><ygen (O,) consumption represents higher intensity for undernourished boys in this
== ¥ oup.
Differences in work output were also found in 12 vear old boys of migrant
= rkers, who lived in slums of Sdo Paulo (Desai et al., 1984). These children showed a
F=a == hier heart rate response and higher V O, max for each workload (ml/kg/min), lower
== WC 170, and higher serum lactic acid levels one minute post-test, showing overall a
l— v er work capacity than higher SES boys. Lower values were also found in
S - Tropometric dimensions, and 57% of the variation in work capacity in the migrant
= - s could be accounted for by weight and height. These data are consistent with
P~ T =~ jous findings of Desai et al. (1981) in low and high SES boys and girls. Spurr and

=1 n2(1986) also reported higher percentage of V O, max for the same workload in

Ty
== I nyourished children.
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Haas et al. (1996) found that individuals exposed to a nutritional supplement from
g estation through the preschool years had a higher V O, max at 11 to 26 years than those
n ot exposed to the supplementation. The differences were greater in males than in
fe males. VO;max was inversely related to stunting (height at 3 years compared to
INJ CHS norms), but differences disappeared when adjusted for current body weight and
e s timated LBM, indicating that LBM is a source of variation on later performance across

= T X levels of stunting. Barac-Nieto et al. (1984) found that 80% of the variance of the low

S~ 0, max of malnourished individuals is accounted for by differences in muscle mass.

JE3E = ological Maturation

Maturation refers to the tempo and timing of progress toward the mature
E—> = Ological state (Malina and Bouchard, 1991). Maturation varies with the biological
== TS Sstem considered and also among individuals. Due to the variability in time and tempo
== ™ I ong individuals of same chronological age, biological maturity status needs to be

&M <= < ounted for in analyses of growth, health related-fitness, and CHD risk factors of

& <A Slescents.
Maturation can be assessed by several methods. All methods assess an event in a

© <= xatinuous process. Skeletal maturation is the best method for assessing biological
Tm ~=.Turation because it can be used for the entire growth period. However, exposure to the
~— XA ys is needed to determine skeletal maturation, limiting the wide use of this method.
Somatic maturation includes the determination of age at peak height velocity
= ‘.LIV), which requires longitudinal data that span adolescence. The initiation of the

iy
= K= scent growth spurt occurs at about 10 years in females and 12 years (Malina and

13



Bouchard, 1991). Before the growth spurt there are no significant differences in stature
among boys and girls. Because boys enter in the growth spurt later (longer period in a
r elatively high growth velocity in preadolescence), and PHV is higher, sex differences in
st ature emerge. Leg length is the major contributor to the sex difference in height. Due to
t Ia e longer period in the prepubertal stage, when leg length growth is faster than trunk
1 e mgth, the sitting height/stature ratio is lower for males than for females, indicating
<= latively longer legs.
Maturation also influences body composition. As the individual matures, the
< &= emical composition of the fat-free mass changes. There is an increase in the protein,
& == &, and mineral content in the body and a decrease in water content. These changes are
xr— « 1 ated to the increases in muscle mass, fat mass and bone density. Body density
= == <reases during growth due to increases in muscle mass and bone density (Malina and

M= <uchard, 1991). However, as fatness accumulates in later adolescence, body density

<& «=cClines.
Muscle mass increases during the growth spurt. Greater increases in muscle mass

> < cur in males due to the influence of testosterone. On the other hand, fat mass increases
= fe males throughout puberty, as an influence of the estrogens. Subcutaneous fat
= <= rxeases in early puberty in males, especially in the extremities, and increases later in
e = erty on both the trunk and extremities (Marshall and Tanner, 1986; Malina and

B - L chard, 1991). This pattern of fat distribution in males, which results in the

— “<—waulation of proportionally more fat on the trunk, may increase the risk for

f— === e nerative diseases. Puberty in males is also associated with a decrease in HDL

——
L= D = . . . .
X e sterol and an increase in LDL cholesterol and triglycerides.
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The assessment of sexual maturation is based on secondary sex characteristics:
breast development in females, genital development in boys, and pubic hair in both sexes.

B3reast, genital, and pubic hair development are continuous processes. The most

< ommonly used criteria for assessing sexual maturation are those of Tanner (1962). Five
s tages for each of the secondary sex characteristics are described, where stage 1 is the
1 rafantile state and stage S is the adult state. Stages 2, 3 and 4 represent sexual maturation
> hhases. Pubic hair assessment may include a stage 6, showing a hair distribution beyond
T Eaeinverse triangle. This distribution was found in 80% of males and 10% of females by

W anner (1962); however, stage 6 was not included in the method because it is not usually

<— <>ompleted until the mid-twenties.
Data from the Santo André Study included the sexual maturation of Brazilian

=2 ales and females 10 to 19 years. The criteria of Tanner were applied by physicians. The
= equencies of the subjects in each stage of sexual maturation are shown in Tables 1 and

T he results are consistent with data from other countries.

= _

Assessment of secondary sex characteristics by direct observation raises issues of
J—> =1 \vacy and consent. As a result, protocols for self-assessment have been developed. The

“— <> mx cordance of self-assessment and physician assessment of sexual maturation was

'~ < stigated in Brazilian youth (Saito, 1984; Carvalho, 1990; Matsudo and Matsudo,

T = “S4q; Guimaries and Passos, 1997).
Saito (1984) investigated the concordance of stages of sexual maturation in 78

am_

a1 Sl escents (42 females and 36 males), aged 11 to 18 years. She found Kappa
=

=< FT¥icients of 0.89 and 0.87 for girls and boys, respectively. Carvalho (1990) studied

I <y
X <3 male students aged 10 to 17 years. For genital development, 47.5% of the students
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agreed with the physician assessment, while for pubic hair development the agreement
was 40 .4%. Disagreement was found in 44.9% and 45.5% of the sample for one stage in
pubic hair and genital development, respectively. Disagreements of more than one stage
were low (5.6% for pubic hair and 6.9% for genital development). Disagreement was
higher at younger ages (11-12 years) than for older students.

Matsudo and Matsudo (1994) also investigated the concordance of self-
assessment and physician assessment of sexual maturation. A sample of public school
students (174 females and 178 males) ages 6-26 years was evaluated by two physicians
(one rmale and one female) at two different occasions. The subjects also assessed
thems elves twice. In both sexes, concordance for pubic hair was higher than concordance

ofbreast and genital development. Concordance was higher at the extremes, stages 1 and
3. Correlation coefficients between these assessments are shown in Table 3, and are
Similayr to those in the literature.
Guimaries and Passos (1997) studied the concordance between self-assessment
and Physician assessment of stages of sexual maturation in a sample of 445 girls aged 8
'S 18 years from 2 public schools and one private school. The students self-assessed their
p."":J’ertal status according to the pictures of the stages described by Tanner (1962). Their

a ., :
Ssessment was followed by the physician’s. For breast development, concordance varied

fa~
> 1 65.4% to 73.5%, while for pubic hair the values ranged from 44.4% to 48.9%. The
a

L hors also found that concordance was greater in girls from public schools (lower SES).

a
g suggested that the difference may be explained by a greater familiarity to the changes

t
ha‘l occurs in their bodies during puberty, allowing them to better perform the

s
<
1 T gssessment.
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Age at menarche is also used to assess sexual maturation in females, although
menarche is a late event in the maturation process. Three methods are used in the
determination of age at menarche. The first method is status quo, which provides a
sample estimate through probits analysis. With this method, the median age at menarche
in Brazilian girls is 12.6 years (Colli, 1988), which is not different from ages at menarche
of other Latin and North American countries. European females tend to have a later age
at menarche (Marshall and Tanner, 1986).

The second method for assessing age at menarche is the retrospective method,
where the female is asked to report at what age she started to menstruate. This method is
subject to bias in recall. Colli (1988) found a mean age of menarche to be 12.5 years in

Brazil3 an girls, using the retrospective method.
The third method is the prospective method, which requires longitudinal data.
This is the most accurate method of determining the age at menarche in individual girls,
but T'epresentative samples are needed for a reliable estimate (Eveleth and Tanner, 1990).
Maturation is influenced by genetic and environmental factors. Age at menarche
has high heritability, in the order of 0.80. Malnutrition is one of the environmental factors
Tray contributes to later maturation and its influence is unequal in the different systems.
R Inutrition delays the age of menarche, but it does not appear to influence the height
=i N during puberty (Marshall and Tanner, 1986). Menarche is also later in individuals

M

< live in altitude and rural areas, and those from a high SES.

17



Matuarity status

Maturation is a variable process among individuals. The time and tempo of the
process influence aspects of health-related fitness and risk factors for CHD. Age at PHV.
on average, is about 12.0 years in females and 14.0 years in males; menarche occurs, on
average, a bit more than a year after PHV (Malina and Bouchard, 1991).

Individuals advanced in maturation are taller than later maturers, although the
former catch-up by the end of adolescence. Advanced maturers are also heavier than later
Mmaturers, but there is no catch-up in body weight. Conversely, Beunen et al. (1994) found
no dif¥ference in body weight between early and late maturing males at 30 years of age.

van Lenthe et al. (1996c) found a higher risk for obesity in early maturing males
ad fe males of the Amsterdam Growth Study. The BMI and sum of skinfolds were higher
it ad~, anced boys and girls at 13 years and at 27 years. These differences remained
Signiﬁcant after adjusting for energy intake and physical activity level.
Early maturation in males is associated with relatively more subcutaneous fat
Clep<)sition on the trunk compared to the extremities. Beunen et al. (1994) found no
4i F¥erences in extremity skinfolds among early and late maturers during adolescence and
re Qge 30, but found thicker trunk skinfolds in early maturers, indicating proportionately

re subcutaneous fat on the trunk.

Early maturing boys tend to have better performances than the late maturers,
&s o : : :
BPecially in tasks that involve strength and power. Differences in performance are also
g =S L
Served in girls, where later maturers more often tend to have better performances.

= .
ery maturers of both sexes have higher absolute V O; max than late maturers;

ha
Q"vever, these differences disappear when V O; is adjusted for body mass (Malina and
18



Bouchard, 1991).
Health-related physical fitness

Although there is a new classification of health-related physical fitness (Bouchard
and Shephard, 1994), this section will follow the traditional classification
(cardiorespiratory fitness and body composition). The components fat distribution and
blood pressure are included with the CHD risk factors since they are related to obesity
and hy pertension.

A battery of health-related fitness tests aimed initially for children and youth has
been O perationalized to include cardiorespiratory endurance (walk/run test), muscular
endurz nee and strength (modified sit-up test), body composition (sum of triceps and calf
Skil"f<>lds, sum of triceps and subscapular or body mass index), and flexibility (sit-and-
fach ; AAHPERD, 1980). Cardiorespiratory fitness and body composition are considered
the Yo major components of health-related fitness due to their apparent relationship to
health in adults (Docherty, 1996). However, in measuring health-related items, only body

chposition has direct relationship with health status of children and youth. Overweight
‘g obese children and adolescents have increased risk for respiratory disorders,
> I.\':l'lopedic problems, stigmatization and self-image problems, and cardiovascular risk.
L= - abnormal glucose tolerance, hypertension, lipid profile abnormalities (Must, 1996),
thl poorer health and performance-related physical fitness (Malina et al., 1995a)
There is no scientific evidence that improving health-related physical fitness test

TQ
Swals will improve the health status of children (Seefeldt and Vogel, 1989) and decrease

-~

s - : o :
< laterin life (Rowland, 1991, 1996). Although no evidence is available, there is an
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emphasis on health-related physical fitness in school programs to prevent cardiovascular
disease s in later life, based on the establishment of an active lifestyle in childhood, which
will be carried throughout the lifespan. However, evidence for the tracking of physical

activity 1s equivocal (Malina, 1996b).

Cardiorespiratory fitness

Cardiorespiratory fitness is considered the key element of health-related fitness
and is often viewed in the context of aerobic power (V O, max) and the ability to perform
Prolon ged submaximal exercise (submaximal cardiorespiratory capacity). Aerobic power

isthe ymost widely used assessment method of cardiorespiratory fitness.

Absolute V O; max (I/min) increases during growth and maturation; linear
increa ses are observed for boys,‘ while V O, max levels off at 12-13 years in girls.
Inc“eases of the oxygen delivery chain and muscle mass are responsible for increases in
v O max with growth and maturation. For running activities, the increase in V O, max is

2lso related to a greater running economy due to an increase in stride length and a
Crease in stride frequency. There is no significant sex differences in V O, max in
“hi 1dhood; however, as puberty approaches sex difference become more pronounced. The
A3 TX¥erences are usually explained by higher muscle mass and physical activity levels in

>
Sys compared to girls (Krahenbuhl et al., 1985). Relative V O, max (ml/kg/min)

t\
Ql"nains constant for boys during growth, but decreases in females. The decrease is
X" gely associated with an increase in fat mass (Rowland, 1990).

Ethnic differences are also evident in V O, max. African American adolescent
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females show lower relative V O, max than non-Black American females (Pivarnik et al.,
1995). The difference was explained by the higher body weight of the Black teenagers.
The ethnic difference also persists after V O, max is regressed on fat-free mass,
indicating that a lower muscle mass and higher bone mass in African Americans may
explain part of the difference in V O, max.

Maturation status also influences V O, max. The more mature individual is taller
and heavier compared to the less mature. After controlling for chronological age, most of
the variation in absolute V O, max is explained by height and weight (Cunningham et al .,
1984 . Early maturing boys have higher absolute V O, max values, largely due to greater

heart znd muscle mass volumes and higher hemoglobin concentrations than late maturers,
the Qi Ference disappears in late adolescence. The differences remain significant after
dju st jing for body weight.
In. girls, the difference in absolute V O, max is smaller between early and late
Maturers and also disappears in late adolescence. When adjusted for body weight, no
dit}\erences in V O, max are observed in girls of contrasting maturity status (Malina et al.,
1 997). Relative V O, max is higher in late maturers of both sexes due to their lower body
< ight (Malina and Bouchard, 1991),
Genetic effects on cardiovascular fitness are expressed by the interaction of the
= l\‘Qnotypes associated with cardiac, vascular, and respiratory functions. Genetic
b TBluyences appear to be lower for submaximal exercise capacity (< 10%) than for
ahb R|ximal exercise capacity (< 25%, Bouchard and Pérusse, 1994).
For testing large populations such as school children, a walk/run for either time or

¥ S tance has been used to indirectly assess aerobic power. Validity correlation
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coefficients of the distance run compared to V O; max vary from 0.70 to 0.82 in school
age chii ldren (Docherty, 1996). Although the walk/run test has been structured to require
maximal effort, it is difficult to elicit maximal effort in children (Pate and Shephard,
1989).

Brazilian studies on health-related fitness have used the walk/run for time, 9 and
12 minutes, with children and adolescents, respectively (Barbanti, 1982; Guedes. 1994;
Queiroz, 1992; Silva, 1992). One exception is the longitudinal study of Nahas et al.
(1992), which used a walk/run for 1000 meters.

Cardiorespiratory fitness is also affected by regular physical activity. However, it
appearrs that most adolescents do not engage in exercise of sufficient intensity for
€Xtended periods of time to allow for significant changes in cardiovascular fitness over

that ©>pected with normal growth and maturation. Due to this low workload, or perhaps
0 the poor validity of physical activity instruments in this age, the relationship between
habitual physical activity and cardiovascular fitness is only low to moderate. Physical
actiVity explains about 3% of the variance in V O, max in adolescents (Morrow and
Fl—eedson, 1994), and exercise training ordinarily results in increases in V O; max

¢ I('“Elhenbuhl etal, 1985).

Low cardiorespiratory fitness is a risk factor for inactivity and mortality.
<=nnison et al. (1988) found that boys in the lowest quintile of the 600 yard (548.6 m)
r\k‘lh were almost twice as likely to be physically inactive in young adulthood than
Bhh <dividuals in the other quintiles; those in the other quintiles did not differ among
“h <=mselves. Analyses of the run test results in elementary school (10-11 years) and high

S
< ool (15-18 years) boys yielded the same trend.
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Blair et al. (1989) related physical fitness (measured by a maximal treadmill
exercise test) to risk for all-cause and cause-specific mortality in adults. Both males and
females in the lowest quintile of physical fitness had a higher risk for mortality due to all
causes, cardiovascular disease and cancer than those in the other four quintiles. Those in

the other quintiles did not differ in risk.
Body composition

Body composition is the only component of health-related fitness that is directly
related to health in youth. This componem is assessed by skinfolds, stature, and weight.
Skin €14 values are used alone or in combination. The commonly used skinfolds are the

icep S, subscapular, suprailiac, and medial calf. The sum of the triceps and calf, and the
SUM © £ the subscapular and triceps skinfolds are also used. The medial calf and triceps
skinfo1ds are used in children age 6 t0 9 years, and the subscapular and triceps skinfolds
Are \ased in children 10 to 18 years. Other skinfolds and sums of skinfolds can also be
“Sedq ip the assessment of body composition.
Health-related physical fitness is ordinarily estimated relative to population based
Dercentiles or criterion-referenced standards. The best method of classification has yet to
= defined. Percentile norms for skinfolds are available from the National Children and
Suth Fitness Studies I and II (NCYFS, Ross et al., 1987; Saftrit, 1995). Criterion-
I‘Qi‘\erenced standards were developed for the recent version of the AAHPERD health-
=1 Ated physical fitness battery, Physical Best (AAHPERD, 1989). Percentiles for
< X nfolds in Brazilian children are only available for non-nationally representative
= r“"lples (Barbanti, 1982, 1983; Boéhme and Freitas, 1989, Goldberg et al., 1986: Guedes.

23



“



1994; Silva, 1992; Queiroz, 1992). On average, skinfolds are lower in Brazilian than in
American children, especially at the higher percentiles.

Height and weight are used to calculate the BMI, weight/stature’. Age and sex-
specific BMI criterion-referenced standards are recommended for the Physical Best.
NHANES percentiles are also used, and cut-off points for the risk for obesity and obesity
have been defined as the 85th and the 95th percentiles, respectively (Himes and Dietz,
1994). The criteria for risk for obesity and obesity can also be applied to the triceps

skinfold using NHANES norms (Must et al., 1991b).

Coronary heart disease risk factors

Although hyperlipidemia, hypertension, cigarette smoking, overweight/obesity,
and p hysical inactivity are the major cardiovascular risk factors, the present study will

°nly  assess non-invasive risk factors for CHD. Therefore, blood lipids will not be

COnsidered in this review.

U= arette smoking

Cigarette smoking is correlated with CHD and there is a dose-response
= liitionship between smoking and CHD. The relative risk of CHD mortality is 1.5 in
= R Okers versus non smokers. Smoking interacts with other risk factors for CHD; other
QQI"lfounding variables such as obesity, dietary habits and activity level, may influence the
R " K between smoking and CHD. The thrombogenic and atherogenic effects of smoking

a‘ .
e the major mechanisms for CHD in smokers (Hays et al., 1996). When smoking
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cessation occurs there is a quick decrease in the thrombolytic effects and the progression
of the atherosclerotic process is slowed.

Smok ing prevalence has decreased since late 1960s for males and late 1970s for
females. However, the reductions have been less significant in women, teenagers. and
individuals in lower income and education groups (Townsend et al., 1994). Black
individuals initiate smoking later than Whites. Although Black adults are more likely to
be smokers than Whites. they are more likely to be light smokers (< 20 cigarettes, Rogers
etal, 1995)

Smok ing that begins in adolescence is predictive of smoking during adulthood
(=0.83, Elster, 1994). Data from the Youth Risk Behavior Surveillance (YRBS) in 1995
(CDC, 199 &) show that 34.8% of high school students (Sth to 12th grades) currently
smoke (> 1 cigarette/day in the last 30 days). White and Hispanic individuals are more
proneto be smokers than Black students in both sexes. Almost one-half of these students
(16.1% O f the total sample) smoked > 20 cigarettes per day. Compared with data from

| the YRBS jp 1993 (30.5% for > 1 cigarette/day and 13.8% for > 20 cigarettes/day), the
prevalence of smoking has increased, especially for Black teenagers (Kann et al., 1995).
The Bogalusa Heart Study' shows gimilar racial differences in cigarette smoking,

although a decrease in cigarette use among adolescents was recently observed (Greenlund

et al, 1996)

1
Bogalusq Louisiana, is a bi-racial community-based mixed longitudinal study of the
<arly natura| history of cardiovascular disease that started in 1976.

25



Blood Pressux-e and Hypertension

Blood poressure (BP) varies with age. As individuals grow older, BP values tend to
increase. Systolic blood pressure (SBP) increases rapidly in the first week of postnatal
life, and slower up to the second month of life. From 2 to 12 months it remains stable,
and thereafter SBP shows a steady increase until late adolescence. The increase in SBP
seems to only occur with a simultaneous increase in body weight and height‘(Brandéo et
al., 1989).

Diast olic blood pressure (DBP) shows a different pattern. It increases in the first
week of post ratal life, decreases through the second or third months, and then starts to
slowly increa se for the rest of the first year, remaining lower than the first week values.
Small change's are noticed up to 6 years and then DBP increases are parallel to SBP
(Sinaiko, 1995)

Using, the data from NHES Cycles II and III, Szklo (1979) showed that from 6 to
12 years SBP was higher in girls. At 12 years there was a crossover and boys presented
higher values from then on. No consistent patterns were observed for DBP. A similar
trend was shown in the Fels Longitudinal Study (Malina and Roche, 1983). This
phenomenon suggests an effect of sexual maturation, as girls enter puberty at earlier ages.

In adulthood, increases in BP are sex-specific. There is a steeper increase in males
during early adulthood which continues into middle age. In females, the steeper increase
occurs in the mjddle-age years. The rate of increase, however, varies among individuals
(Ward, 1995)

Blood pressure is also influenced by race, where Black individuals show higher

“alues. Althoygh the difference may not always be significant, it is observed in early
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childhood and continues throughout the lifespan. Alpert and Fox (1993), using meta-
analysis found that significant race effects on BP were present in boys from birth to 12
years for DBP and in girls from birth to 18 years for SBP and 19-25 years for DBP.
Kozinetz (199 1) showed that Black girls 7 to 18 years had higher BP values (both SBP
and DBP), however, only in the 10-12 years group the differences were significant. The
difference persisted after controlling for body weight, height and sexual maturation.

Data from the Fels Longitudinal Study show that BP status during childhood
tracks into aculthood (13 to 40 years of age), with correlation coefficients ranging from
0.39t00.24 for SBP and from 0.37 to 0.20 for DBP. Although the correlations are low,
the tracking s hows that adolescents with high normal DBP had a higher relative risk of
adult hyperteenision, 1.9 for males and 2.6 for females (Beckett et al., 1992).

BP is affected by body weight, where heavier individuals show, on average,
higher values . The rate of increase of BP during growth seems to be faster in obese
individuals. I_aw and Shiell (1996), in a meta-analytic review, found that BP is inversely
related to birth weight in pre-adolescent children and adults, positively related in

neonates, and inconsistent in adolescents. They also reported that the magnitude of this
relationship increases with age. Adolescent-onset adult overweight increases the
prevalence of hypertension by 8.5 times compared to a lean cohort (Srinivasan et al.,
1996).
Both SBP and DBP aggregate in families. Genetic and cultural transmissible
effects contribute to the phenotypic variance. Familial aggregation studies show that
genetic factors account for 60-70% of the variation in BP, while environmental factors

explain the Temaining variation (Ward, 1995). Brandao et al. (1992) studied the familial
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aggregation of” blood pressure in a Brazilian sample of adolescents 10 to 15 years. It was
estimated that 82% and 64% of the phenotypic variance of SBP and DBP, respectively, is
explained by < enetic factors.

BP is tmaintained by the integration of functions of the cardiovascular system and
vasoactive hormones. Failure in the integration of these ﬁ.mctibns results in hypertension.
Similarities o r differences in patterns across families and populations may occur because
of different pressure-maintaining mechanisms (James and Baker, 1995). In children, the
common hou sehold appears to have an important influence in BP. As expected, natural
siblings have higher correlation coefficients than adopted children, but coefficients are
greater betwesen siblings than between parent and natural child and parent and adopted
child. In adult siblings, the correlation coefficients remain constant even when the adults
were exposed to different environmental factors (Ward, 1995). It seems that once
adulthood is reached, environmental factors are less influential than genetic factors.

Elevated BP or hypertension is defined as persistently high arterial BP that may
have no known cause (essential, idiopathic, or primary) or may be associated with other
diseases (secondary, Novak, 1995). Truly hypertensive patients tend to have high BP
throughout the day (T. Pickering, 1995). Hypertension is also defined as “an upward
resetting of the set point of blood pressure” (G. Pickering, 1995). These definitions imply
a cut-off point between normal and high BP. However, definitions are arbitrary,
especially because the data relating BP to mortality are largely from clinical settings (T.
Pickering, 1995)

Readi ngs in the clinical setting may be higher than normal due to anxiety (also

known as white coat hypertension). It yields the possibility of biased interpretations.



Ambulatory measures tend to give a better estimate of the true BP than clinical
measurement, and it may be also due to a greater number of readings (the phenomenon of
regression toww ard the mean). It is important to ensure that the subject is comfortable,
rested, quiet amd at ease, so that the measurement is more likely to be repeatable.
Hypertension 1s to be confirmed by multiple measures at least in 2 subsequent visits one
or several weeks apart.

The measurement of BP for diagnosis of hypertension has been standardized by
the Joint Nat 1 onal Committee on Detection, Evaluation, and Treatment of High Blood
Pressure (N €C-V, 1993). During the measurement the arm should be supported and kept
at the heart le vel, an appropriate cuff size and a recently calibrated sphygmomanometer
should be usexd, and the two or more readings should be within 5 mm Hg, taken at least 2
minutes apart . No caffeine intake or cigarette smoking should occur at least 30 minutes
before the measure, and the individual should rest for 5 minutes prior to the measure. In
adults and chiildren, DBP is recorded based on the Sth Korotkoff sound (DS, National
High Blood Pressure Education Program, 1996). The average of two measures is used in

classifying children. The classification of hypertension for children differs from that for
adults, in which percentile values are used instead of cut-off values. High normal BP is a
SBP and/or DBP > 90th percentile for age, and hypertension when BP is > 95th
percentile (Table 4, Task Force on Blood Pressure Control in Children, 1987).

The prevalence of hypertension increases with age, is greater for Blacks than
“Whites, and it s greater for less educated individuals independent of race (CDC, 1994.
Soreletal, 1991 1992). Individuals in low SES and low education groups have a higher

Porevalence of hypertension than those in higher groups. In early adulthood and early
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middle age, hy pertension is more prevalent in males than in females, but at older ages the
situation is rev ersed.

The prevalence of hypertension in children and adolescents is low, ranging from
0.26% to 1.9%o . In children, a major cause for hypertension is renal disease while in
adolescents it 1s diagnosed as early mild hypertension (Sinaiko, 1995). Mild
hypertension in adolescence provokes similar cardiac ventricular and hemodynamic
changes observed in hypertensive adults (National High Blood Pressure Education
Program, 1996). For Brazilian children 10 to 15 years, the prevalence of hypertension
(>95th percentile) is 2.7% (Brandio et al., 1992).

Dress1 er et al. (1986) investigated the extent to which the effect of ethnicity on BP
may be modi£ied by the presence (or absence) of psychosocial resources. Psychological
resources were measured using an index that combines measures of social support
(number of exctended kin in the community and perceived support available in
problematic Situations), and a scale of active coping (active, defensive or passive attitude

in given stressful situations).

Régal‘dles‘s of ethnicity, individuals with high psychological resources had lower

SBP and DBP than those with low resources, but the difference was more pronounced in

mixed-Blacks and Blacks. In an éthnically unequal society, a person in a disadvantaged
Sthnic status may be at a higher psychosocial stress due to ethnicity, and those individuals
"Vith high resources cope better with this stress. Lifestyle stress, as a resultant of the
1 ndividual’s attempt to maintain a higher status style of life which is discordant with
His/her true place in the social class hierarchy, offers a higher risk for diastolic

Fypertension i developing societies (Dressler et al., 1987).



Dressler et al. (in press) also investigated the effects of socioeconomic variables
and skin colo T on blood pressure among Brazilian adults. SES was measured by cultural
consonance 11 lifestyle, defined as the degree to which individuals adhere to a cultural
model of app roprate lifestyle, and calculated by the number of the important items
owned. They found that darker-skinned Brazilians have higher blood pressure only if
they have low cultural consonance in lifestyle, which shows a significant interaction

effect between cultural consonance and skin color in relation to blood pressure.

Overweigh ¢ and obesity

Major changes in dietary patterns have occurred over the last century in the now
developed countries. Popkin (1993) identified five patterns of dietary change: collecting
food, famine, receding famine, degenerative disease, and behavioral change. From the
collecting food pattern to the degenerative disease pattern, the main observed changes in

consumption are an increase in fat content (from low to high total fat and cholesterol),
decrease in fiber and polyunsaturated fatty acids, and increase in sugar and refined
carbohydrates. These changes are partially responsible for the increase in overweight and
obesity in the population of developed countries, a public health concern. A concomitant
decrease in physical activity also contributes to the increase in overweight and obesity
(Popkin, 1994

As the underdeveloped countries become more industrialized, the changes in diet
pattern and increase in the prevalence of overweight and obesity are observed. Some
segments of” the population are moving towards the behavioral modification pattern,

where reduction in the consumption of fat and refined sugars and increase in fibers and
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complex sugars are emphasized. In both developed and developing countries, well
educated and 1more affluent segments of the population are more likely to make dietary
changes.

Body fat depots are dependent on the balance between energy expenditure and
energy intake. An excess of energy intake, or a decrease in energy expenditure, or both.
results in increase in fat depots. The response to dietary caloric content is also influenced
in part by genetics. Gene-diet interaction appears to determine changes in body fat as
well as the pattern of distribution of these changes (Bouchard and Pérusse, 1994).
Hormonal ch anges during sexual maturation also contribute to the increase in fat depots,
especially in  females (Malina and Bouchard, 1991).

There are several methods to estimate body composition. Most of the methods are
based on the two component model, where body mass is divided into fat-free mass and
fat mass. The gold standard method is densitometry or underwater weighing.
Anthropometric studies of body composition include lengths, body weight, breadths,
circumferences, and skinfold thicknesses. Skinfold thicknesses, which measure

subcutaneous adipose tissue, are the most commonly used for assessing body
composition due to the high correlation with peréentage body fat and to the relative
simplicity of the method. Several skinfold sites are used and the values are either applied
to0 an equation to predict body density (and percentage of body fat) or used in comparison
to reference data (individual skinfolds or sum of skinfolds). The NCHS reference data for
the triceps sk infold are presented in sex and age specific percentiles, allowing for

classification of overweight and obesity by the 85th and 95th percentiles, respectively

(Must et al 1991b).



Overwweight is also defined by the BMI. The BMI is dependent on body weight
and independ ent of height. The correlation between the BMI and percentage body fat
ranges from .40 to 0.60 (Roche, 1996). For adolescents, sex- and age-specific reference
data have been reported and values >85th percentile are classified as at risk for
overweight and those > 95th percentiles as overweight (Himes and Dietz, 1994). The
BMI should be carefully used in adolescent males due to potential risk for
misclassification of muscular individuals as overweight.

Overweight not only contributes to a decrease in life expectancy, but is also a risk
factor for CHD, hypertension, diabetes, cardiovascular disease and chronic respiratory
disorders (P AHO, 1994b). The increase in the risk for disease occurs in young as well as
in older ind 1 widuals. Must (1996) reviewed the consequences of obesity in early age.
Some of the short-term consequences are respiratory disorders, orthopedic problems,
stigmatization and self-image problems, and cardiovascular risk (abnormal glucose
tolerance, hy pertension, and lipid profile abnormalities). The long term effect of obesity

1s that young subjects in the upper end of the normal distribution have a higher
probability for maintaining their condition from childhood into adulthood (Kannel et al .
1995). Persistent obesity contributes in turn to the excess all-cause and CHD mortality,
especially among males.

The Bogalusa Heart Study includes mixed-longitudinal observations of pre-school
and school children, and of young adults. Data on individuals who participated in
different Surveys allow the study of tracking of overweight and obesity. The association
between adolescent and adult overweight was investigated in 783 individuals 13 to 17

years in 1976.1977 and who were also examined in 1988-1991 (Srinivasan et al.. 1996).
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T he individuals were classified as overweight or lean according to age-, race-, and sex-
s pecific BMI percentiles of the Bogalusa population (BMI > 75th percentile and BMI
==25th and < 50th percentiles, respectively). Fifty-eight percent of the overweight
& dolescents remained overweight as adults, 41% of the lean adolescents remained lean.
~vhile 10% became overweight. The predictive value of overweight was highest for Black
females (62%) and lowest for Black males (52%).
Prediction of obesity in adulthood from childhood measures was studied by
XX olland-Cachera et al. (1989). The BMI and four skinfolds (biceps, triceps, subscapular,
=2 md suprailiac) were collected every 6 months from 1 to 17 years. The subjects were
rxreasured again between 18 and 25 years of age. Correlation analyses compared measures
£ every year from | to 16 years and the adult measure. For all comparisons, correlation
< O efficients for the BMI were higher than those for skinfolds, thus leading to the
< o nclusion that BMI in childhood is more predictive than skinfolds for the prediction of
adult values.
Tracking of overweight was investigated from early adolescence to young
adu 1thood in the Amsterdam Growth Study which longitudinally evaluated children 13 to
16 ~-ears and thenat 21 and 27 years (Twisk et al., 1995). Eighty four males and 98
fern ajes were used in this analysis. Body fat was estimated by the sum of 4 skinfolds:
bic%ps. triceps, subscapular, and suprailiac. Interperiod correlation coefficients for age 13
to Suabsequent ages were calculated. The coefficients ranged from 0.87 to 0.22 for males
from 141027 years, and from 0.89 to 0.51 for females.
The predictive value of the childhood BMI for overweight at age 35 years

NCreases with age. The predictive value is moderate for ages < 13 years, good at 13



Y ears, and excellent at 18 years (Guo et al., 1994). Individuals at either the 75th or 95th
P ercentiles of the BMI have higher risk for overweight at age 35 years than those at 50th
Percentile. The odds ratio for overweight in individuals 8-18 years at the 75th percentile
<f BMI is more than double the odds ratio for individuals at the 50th percentile. There
~~as no sex difference in this sample. The odds ratio doubles at 1 year of life for those at
 he 95th percentile and continues to increase during childhood and adolescence. Larger
~~alues are observed in females (Guo et al., 1994). In summary, these studies show that
<> verweight at a younger age is a risk for overweight in adulthood.
Using the data from the Bogalusa Heart Study, Webber et al. (1995) showed
< thnic differences in BMI, triceps and subscapular skinfolds. They found no systematic
<t hnic difference in the median BMI values. for males up to 20 years of age. After 20
- €ars, values for the median and upper percentiles were higher for White males. The BMI
~“a lues were consistently higher for Black females at most ages and at all percentiles.
The triceps skinfold tended to be thicker in White males, as well as the
sub scapular skinfold (only at young adult ages). For girls, the triceps skinfold was greater
In Whites until 22 years of age, when skinfolds in Black women increased abruptly. For
the subscapular skinfold, no differences were observed in early childhood between White
and Black females; however, beginning in adolescence Black girls showed a steeper
INCrease in the skinfold values.
There is an ethnic variation in the prevalence of obesity and this variation is
dep endent on the criteria used to define overweight and obesity. The most used criteria
are: triceps skinfold (T), BMI, and both triceps and BMI (T+BMI), which also includes

the criteria triceps only (Ton,) and BMI only. Using data from several studies, Malina



( 1993a) reported a higher prevalence of obesity by the T criterion than for the BMI in
<zirls. By the BMI criterion, more White and Mexican American older girls (12-17 years)
~were classified as obese, as well as when T+ BMI were used. More Blacks and Asians
girls were defined as obese by the T,y criterion. For younger girls (6-12 years), the T
criterion classified more White as obese, while for the BMI criterion more Black girls
~were obese. For T+ BMI and T, criteria, the prevalences were similar among the ethnic
=roups.

White younger boys showed a higher prevalence of obesity for the T criteria and
£ or both triceps and BMI. By the BMI criterion, American Indians, followed by White

B> oys had the highest prevalences. In older boys, low prevalences and no major

1 ifferences among ethnic groups were observed for the T criterion, except for the Indian

b oys who also showed high prevalence for T+ BMI.

Malina and Katzmarzyk (in press) analyzed the validity of the BMI as an
1 dicator of the risk of overweight and overweight in adolescents by comparing the
cla sisifications of individuals using the following criteria: triceps skinfold, percentage of
bodyy fat, and BMI. They found that BMI has a high specificity (correctly assign
ind i viduals at no risk or not overweight); however, the sensitivities (correctly assigning
Subj ects at risk or overweight) were low and variable among ethnic groups, increasing the
Cha nces for misclassification. Nevertheless, they concluded that BMI is an acceptable and

Valid indicator, and should be used as a screening tool for individuals at risk of

OV e rweight or overweight.



¥ at distribution

Fat distribution has become an important issue in epidemiology of degenerative
diseases. A central distribution of body fat is related to higher levels of lipids, BP,
1 msulin, and other metabolic indicators, and is predictive of ischemic heart disease. Fat
dlistribution is a better predictor of CHD than BMI (Larsson, 1988). Central obesity was
found to be predictive of ischemic heart disease independent of BMI, cigarette smoking,
=a nd age. The association between central obesity and CHD was similar between Black
z=a nd White men while it was stronger among White females (Freedman et al., 1995).
« Dbesity and regional fat distribution have heritability values ranging from 5% to 25%,
~~hile the cultural transmission effect. is about 30% (Bouchard and Pérusse, 1994).
Although computed tomography has a higher reproducibility, fat distribution is
< ommonly based on a ratio of trunk (central) and extremity (peripheral) skinfold
thicknesses and/or the ratio of waist-to-hip circumferences, due to lower cost and easy
mMeasurement in field studies. Higher ratio values indicate more central fat distribution.
Seidell (1996) stated that it is still premature to define cut-off points of fat
distribution to classify high and low risk individuals, mainly because of different

M et hods, cut-off points and small sample sizes that have been used in research.

For the ratio of trunk and extremity skinfolds, sex differences are small during
chi 1 dhood. The ratio of upper to lower trunk skinfolds declines with age in both sexes
durj mng infancy and during childhood (Malina and Bouchard, 1988). Sex differences
incl‘ease during adolescence, when males show higher values than females, thus showing
3 Zreater fat accumulation in the trunk in males. In both sexes, Blacks and Mexican

Am €ricans have a more central distribution of fat than White Americans. Data on
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waist-hip ratio also show that males have higher ratios than female adults (Malina,
1996a). In adolescent groups, Asian girls have more fat (TER) in the trunk than Mexican.
White and Black American girls, especially Whites and Blacks. Black boys and girls tend
to have higher TER values than Whites from childhood through adulthood. Fat
distribution using WHR as an indicator does not consistently show ethnic variation in
either boys or girls (Malina et al., 1995a).

Hammer et al. (1991) studied the impact of sexual maturation on fat distribution
among 10-15 year old females of different ethnicity (White, Asian and Mexican
American). In all ethnic groups, increase in sexual maturation stages was related to an
increase in hip and waist circumferences and a decrease in the waist to hip ratio.
However, significant effects were only found for hip circumference and WHR.

van Lenthe et al. (1996a) studied the influence of timing of maturation on fat
distribution in boys and girls aged 13 to 27 years. Early, normal and late maturation was
determined by skeletal age, peak height velocity (PHV, boys) and age at menarche (girls).
They found no difference in fat distribution between early and late maturers based on
skeletal age and PHV. Early menarcheal girls tended to have more centrally distributed
fat compared to late menarcheal girls.

Sexual maturation influences the relationship of central fat distribution and
cardiovascular risk factors. For sexually immature adolescents (based on a combination
of stages of breast/genital and pubic hair), the relationship was not significant but it
increased later in maturation. It is suggested that the relationship between fat distribution
and CHD risk increases with age and becomes significant from late adolescence on

(Sangi and Mueller, 1991). -



The tracking of fat distribution was investigated by van Lenthe et al. (1996b)
using data from the Amsterdam Growth and Health Study subjects aged 13 to 29 years.
Interage correlation and generalized estimating equations (GEE) were used in the
analyses. The correlation coefficients for TER varied from 0.43 to 0.53 for males and
from 0.53 to 0.58 for females, depending on the combination of skinfolds
(subscapular(SS)/triceps(T), SS/SS+T, SS+suprailiac/biceps+T+SS+suprailiac). The
GEE coefficients varied form 0.56 to 0.67 in boys and from 0.57 to 0.70 in girls.

Katzmarzyk et al. (in press) also investigated the tracking of fat distribution in 7-
69 year old individuals. TER adjusted for overall fatness and waist circumference
adjusted for the BMI were the fat distribution indicators. Tracking was evaluated by both
interage correlation and permanence in the same quintile during the two surveys, which
were seven years apart. For TER.g;, correlation coefficients ranged from 0.23 to 0.63. The
tracking pattern of waist,qj was more variable than TER.g and varied from 0.21 to 0.77.
For both variables, interage correlation coefficients were consistently higher in females.

The tracking was higher in the extremes quintiles.

Television viewing

Television viewing has become a public health concern due to its relationship
with obesity, smoking, hostility, and aggression (Hoffman, 1996). The American
Academy of Pediatrics has recommended that children should spend no more than 2
hours a day of TV watching (American Academy of Pediatrics, 1986, cited by Gortmaker
et al., 1996); however, the reported average time of TV viewing in children and

adolescents is 3-4 hours (Stransburger, 1992, cited by Strong and Kelder, 1996). The link
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between TV watching and obesity is twofold: low physical activity levels are observed
during TV watching and the chance of consumption of food, especiaily nutritionally
weak foods, is increased. The relationship between TV watching and obesity appears to
become stronger with age.

Dietz et al. (1985) demonstrated a causal relationship between TV viewing and
obesity in children aged 6 to 11 years. Cross-sectional and longitudinal data from the
NHES (Cycles II and III) were used to investigate the causal relationship. Individuals
who daily watched TV for longer periods were more obese, indicating a dose-response
effect. This effect remained after controlling for the effects of past history of obesity and
SES characteristics of the family. Children with more TV viewing in cycle II were more
likely to be obese at cycle III.

Gortmaker et al. (1996) also suggested a dose-response relationship between
obesity and TV viewing hours among children 10-15 years. The odds of being
overweight were 4.6 times for those watching more than 5 hours a day compared with
children who watched O to 2 hours. The attributable risk for the effect of TV watching on
obesity was 62%. Sidney et al. (1996) found odds ratios for obesity ranging from 1.5 to
2.3 in young White and Black adults (23 to 35 years) of both sexes for individuals
watching TV more than 4 hours a day. Conversely, DuRant et al. (1994) found no
relationship between observed TV time and activity levels in children 3-4 years,

suggesting that the relationship starts after 4 years of age.

40



Physical activity

Due to the effects of regular exercise on the health of adults, the promotion of
physically active lifestyles has been emphasized in children and adolescents to foster
adherence to physical activity through the lifespan. The CDC/ACSM (Pate et al., 1995)
have issued a position statement emphasizing regular physical activity. The study of
physical activity habits is important to understand the determinants of exercise in children
and adults and to design programs supporting active lifestyles. Habitual physical activity
is influenced by both genetic (29%, due only to biologic transmissible variance) and by
environmental factors (71%, Pérusse et al., 1989).

There are a variety of methods for assessing physical activity in populations (Cale
and Almond, 1992; Hensley et al., 1993, LaPorte et al., 1985; Montoye and Taylor, 1984,
Saris, 1986). The methods are classiﬁed as direct and indirect (Paffenberger et al., 1993).
The direct methods include questionnaires, diary annotation, and mechanical and
electronic monitoring. Indirect methods consist of the assessment of diet, body
composition and, physiological fitness assessment; sports and recreational participation:;
and occupational classification.

Questionnaires are the method of choice in epidemiological studies of large
populations because they permit the investigator to collect different variables from one
source in a relatively quick, easy, and inexpensive manner (Baranowski, 1988).
Questionnaires are also unobtrusive and non-reactive, and generally do not require much
effort to complete (Hensley et al., 1993). However, questionnaires have limitations
related to validity and reliability; other potential problems include recall limitations and

subjectivity in response.
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One limitation of assessing physical activity through a questionnaire is that
physical activity is a behavior, a multidimensional experience. The assessment may
measure a single aspect of physical activity, isolating this aspect from the sociocultural
context in which the physical activity occurs. Children may relate physical activity to
exertion, competition, play, social interaction or skill development (Brustad, 1991):
therefore, they may perceive physical activity differently from how they are probed for
reporting the activity behavior. This difference between perception and report affects the
validity and reliability of self and interviewed administrated questionnaires.

The accuracy of physical activity reports immediately after a one-hour exercise
bout was investigated in 20 normal weight and 24 obese young subjects, 21.9 + 6.5 vears
(Klesges et al., 1990). Subjects were interviewed using the seven-day physical activity
recall questionnaire (7PAR) at three different occasions over a one week period. In one of
the interviews the subjects were asked to perform one hour of exercise. At the end of the
exercise, they self reported physical activity time in four categories that express intensity
levels: no movement, limb movement but stationary, slow trunk movement, and rapid
trunk movement (aerobic activity). Without being<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>