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ABSTRACT

The aim of this study was to investigate influence of body build on body composition, energy metabolic state and insulin concentration
of blood. 29 male athletes and 36 male non-athletic students were recruited for the study. Anthropometry including chest depth and
breadth, fat mass, fat free mass, trlccp skinfold thickness were measured. Fasting glucose, lactate, triglyceride, free fatty acid, and insulin
concentration in serum were measured Body build was assessed using metric index, which calculated by regression equations of Mohr and
Greil. The athletic and non-athletic students were allocated to 3 body build, that is leptomorph, mesomorph, and pyknomorph. Resting
metabolic rate was calculated. Respiratory quotient was determined through ratio of measured VO, and VCO,. Most non-athletes have a
leptomorphic body build, in contrast to athletes mesomorphic type. The body build type influenced body composition differently between
non-athletic group and athletic group. Weight, body mass index, body fat mass and fat mass proportion (%), and fat-free mass increased
from leptomorph to pyknormorph in non-athletic group. Pyknormorphic athletes have a significant higher body mass index, fat mass, fat
free mass than other body build type. Serum glucose, triglyceride, lactate, insulin showed significant differences only in non-athletic group
between leptomorph and mesomorph: RMR increased significantly from leptomorph to mesomorph in non-athletes. There was no
significant difference of RQ among 3 body build types in both athletes and non-athletes. This study gives a coherent data on body build
and body composition for athletes and non-athletes students. The influence of body builds on energy metabolic status of serum was

different between athletes and non-athletes.
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INTRODUCTION

In order to decrease the risk of chronic cardiovascular
disease due to overnutrition, indices of weight relative to
height are extensively used in clinical and epidemiological
practice as indicator for obesity and guides for ideal body
weight. Broca index, height-weight table and their nor-
mogram, and body mass index are especially used in clin-
ical and epidemiological nutritional assessments. But these
indices do not consider the effects of body build variabil-
ity, resulting in the problem of under- or overevaluation
of body weight. Therefore, studies investigating the asso-
ciation of obesity with cardiovascular disease showed con-
flicting results.'® The inconsistency of findings may have
been due to the in ability to identify correctly those obe-
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se people who are at particularly high risk for developing
consequential diseases.” Various anthropometric paramet-
er being relevant for nutritional status showed clearly an
association with body build type.® Therefore, in addition
to descriptors of body composition and fat distribution,
the influences of body build on chronic disease were con-
sidered in studies.”'® Investigations into the relationship
between disease and physique showed an association of la-
teral body build and cardiovascular disease as compared
to linear body build.”™

The first inclusion of body -build in nutritional assess-
ment was Metropolitan height-weight table."” However,
the method used to allocate people into three different fr-
ame size was not described in the Metropolitan table.” This
shortcoming continuously presents a major conceptual pr-
oblem in the determination of frame size. Few investigati-
ons involving the assessment of frame size actually de-
fined this problem. According to Himes and Frisancho,"
as descriptor of body build or frame size, the following
definition can be used: Body build is more a concept than a
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specific measurement. It encompasses bone, joint and sk-
eletal breadths and depths that are representative of the
supportive structure as a whole. '

Most studies have thercfore selected skeletal measure-
ments, like bone breadth, length, and depths as measures
of body build. Skeletal dimensions are considered to be
important estimators of fat-free mass, as the skeleton is a
chief component of fat free mass and is also a good pred-
ictor of muscle mass. The bony dimensions, used in deter-
mining body build, includes an regression equation of sum
of bitrochantric and biacrominal breadths on height' and
regression equations of height, bony chest breadth and
depth™® named as metric index, bony chest breadth,'® an
index of height divided by wrist circumferences,” the sum
of a series of bone breadths, lengths, and depths.'”

As a classifier of body build type into linear and lateral
body builds, the Metric index, which was defined first by
Strmgren and further developed by Conrad® has prov-
ed to be practical especially for bony dimension.® It was
also proven to be associated with nutritional status. Deter-
mining Metric index is relatively easy; it is regression equa-
tions composed with only 3 body measurements of heig-
ht, chest breadth (transversal thorax diameter), and chest
depth (sagitaler thorax diameter) which are easily measur-
able. It is applicable not only to adults, but also to children.”

Investigation on energy metabolic state or risk of car-
diovascular disease and relative fatness for adults, includ-
ing influences of body build type in respect to bony di-
mension, is non-existent among Korean subjects. As a in-
dicator of body build, Korean studies used mostly not
the bony dimension in nutritional assessment, but the re-
lative fatness to height.”» As a result, influences of body
build on relative fatness is not in itself investigated am-
ong Korean subjects.

Recently, it is reported that obesity among young peo-
ple has increased and the risk factor of cardiovascular di-
sease is rising in young adult. As relative fatness is known
to be associated with body build,”" the energy metabo-
lic state in young people could be different among differ-
ent body builds. Athletes are known to have generally dif-
ferent body builds and compositions at the same relative
weight as compared to normal adults with no vigorous ex-
ercise. Therefore the effect of body build on energy meta-
bolic state could be different between athletes and non-
athletic adults.

This study is a preparation for future studies on the re-
lationship between body build type and nutritional state
or risk factors for cardiovascular discase in Korean people.
The influences of body build, as determined by metric in-

dex values, on energy metabolism of young male adults
and elite judo athletes were stressed.

The purpose of the present study were as follows: 1)
to investigate the relationship between body build predict-
ed by Metric index and body composition in athletic and
non-athletic groups, 2) to investigate the influence of bo-
dy build on insulin concentration, a chief hormone regul-
ating energy metabolism, and on carbohydrate and fat me-
tabolic state in blood, 3) to investigate the effect of body
build on respiratory quotient as metabolic indicators of car-
bohydrate and fat oxidation proportion in non-athletes and
athletes.

SUBJECTS AND METHODS

1. Subjects

The recruited subjects in this study were 30 male judo
athletes and 36 nonathletic healthy college students aged
19 to 28 years. The athletic group was composed of elite
judo athletes who trained regularly for longer than 6 hou-
rs per day, 6 times per week.

2. Measurement of anthropometric variables and
repiratory quotient

Anthropometric measurements were performed with the
subjects wearing light underwear using instruments under
permanent precision control by a trained interviewer. Bo-
dy weight was measured with an scale accurate to 100 g:
height was measured to the nearest 0.1 cm using a flexib-
le anthropometer. Chest breadth and chest depth were
measured with a large spreading caliper to the nearest mil-
limeter in the stationary phase between inspiration and ex-
piration. With the subjects standing in natural position,
chest breadth measurement was performed on the sixth rip
in the midaxillary line. Chest depth was measured in the
same position with the tips of the caliper at the forth cost-
sternal junction and the spinous process of the vertebra
in the same horizontal plane. Tricep skinfold thickness was
measured using a Lange caliper to the nearest millimeter
according to the instructions of the anthropometric man-
ual.®® Body composition parameters including body fat ma-
ss and proportion (%) were measured using an instrument
based on bioelectrical impedence (Tanita, TBF 105, Japan).

Metric index was used as a measure of body build, des-
cribing the relation of body height as a descriptor for vert-
ical growth tendency to dimensions of the skeletal chest
as a descriptor for the horizontal growth tendency. Me-
tric index was calculated according to the regression for-
mula by Greil'® using height, chest breadth, and chest wid-
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th. Body build types were assessed according to Greil'® us-
ing Metric index values. Body build type can be allocated
into pyknomorph, mesomorph, and leptomorph. The allo-
cation of subjects into 3 different body build types were
described in detail in study of Johnson and Scholz.® Rest-
ing metabolic rate was calculated according to Harris and
Benedict® using weight, height, and age. Respiratory qu-
otient was measured in resting fasting state using gas an-
alyser (Quinton 4300, USA).

3. Blood analysis

Fasting blood was taken from anticubital veins of sub-
jects. Serum samples, obtained bv centrifugation at 2000
rpm for 10 minutes, was frozen at — 32%C until further an-
alysis. Serum glucose, triglyceride, and lactate were measur-
ed using a commercial kit (DT 60, Johnson and Johnson
Co., USA). Serum free fatty acids was analyzed with a kit
(Wako Co., Japan) using a spectrophotometer. Serum in-
sulin was analyzed by an enzyme-linked two site immu-

noassay.”

4. Statistical analysis

Data was expressed as the mean with standard deviati-
on. Statistically significant mean differences between non-
athletic and athletic group were evaluated primarily by St-
udents t-test. All data analysis between different body bu-
ilds was conducted separately in non-athletes and athletes
using a generalized linear model (GLM) and compared us-
ing the least square difference method. Statistical analysis
was basically performed by using the Statisticial Analysis
System.?®

RESULTS AND DISCUSSION

This study investigated the relation between body build
using metric index and body composition and energy me-
tabolism indicators. Difference in these variables between
non-athletes and athletes was primarily analyzed.

The general characteristics of study participants are des-
cribed in Table 1. Body mass index of the subjects on av-
erage lay in the normal range, but showed a broad- distri-
bution from a lean type to grade 1 obesity.”” Metric in-
dex ranged from close to -2, depicting a leptomorphic
or tall and slim body build, to values close to 1.5, dep-
icting a pyknomorphic or short and thick body shape.

1. Comparison between non-athletes and athletes
Comparison of anthropometric variables between non-
athletes and athletes is described in Table 2. There were

Table 1. General characteristics of subjects (n = 65)(Mean + SD)

Variables Subjects Range
Height (cm) 1743 £ 7.0 155.0-196.0
Weight (kg) 753 + 16.0 50.0-130.8
Age (years) 223 + 20 19-28
BMI (kg/m?) 247 = 4.7 18.1-43.2
Metric index 0.712 + 0.697 -2.14-15

Table 2. Comparison of anthropometric variables between non-athletes
and athletes(Mean + SD)

. Non-athletes Athletes o
Variables (n = 36) (h = 29) Significance
Height (cm) 1753 + 62 1733 + 7.8 NS
Weight (kg) 69.8 =+ 131 822 £ 169 *x
BMI (kg/m’) 226 *= 33 273 + 48 **
Fat free mass (kg) 555 + 7.3 69.0 =+ 10.4 ok
Fat mass (kg) 143 + 6.7 132 + 7.7 NS
Fat mass (%) 196 =+ 54 153 + 55 *
TSF (mm) 9.7 + 34 96 + 6.2 NS
Chest depth (cm) 182 + 26 212 + 270 il
Chest breadth (cm) 279 + 2.7 303 £+ 3.20 **
Metric index -1.086 = 0.61 -0.246 + 0.49 i

*: significant at p < 0.05, **: p < 0.01, ***: p < 0.001
NS: not significant, TSF: tricep skinfold thickness

no differences in height and tricep skinfold thickness be-
tween non-athletes and athletes. Athletes had significantly
higher values of body weight, body mass index, fat-free
mass than did non-athletes. But fat mass and body fat per-
centage of athletes were lower than in non-athletes. The
athletic group was assessed to be in grade 1 obesity?” by
BMI using as relative obesity indicator and is thicker than
non-athletes. But body fat mass proportion of athletes was
only 15%, showing an optimal level,”” as a result of a lo-
ng term physical training. In contrast, mean of non-athle-
tic group lied in optimal niveau by BMI, but showed by
body fat proportion slightly overfat niveau.”

Difference between Chest depth and breadth in athlet-
es were higher than in to non-athletes. Non-athletes had
a mean Metric index of — 1.086, indicating a tendency to-
wards a leptomorphic type, but athletes had a mean Me-
tri¢ index of — 0.246, indicating a mesomorphic type.
 Fasting glucose, triglyceride, free fatty acid, lactate con-
centrations in serum, and fasting insulin concentration of
athletes and non-athletes are listed in Table 3. Average se-
rum glucose and triglyceride concentrations in both gro-
up were in the normal range. Athletes had significantly hi-
gher serum glucose. Athletes have in general a lower in-
sulin content as compared to non-athletes. Insulin release
from pancreas is well known to be regulated mainly by bl-
ood glucose concentration. In contrast to the difference
of glucose concentration between both groups, the insul-
in concentration was, although not significant, slightly lo-
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Table 3. Comparison of fasting serum glucose, triglyceride, free fatty ac-
id, lactate and insulin concentrations between non-athletes and athletes

Table 4. Resting metabolic rate (RMR) and Respiratory quotient (R.Q) of
athletes and non-athletes

(Mean+£SD) . Groups

Variables Non-athletes Athletes Significance Variables Non-athletes Athletes Significance
Glucose {mg/dl) 85.1 + 148 986 + 156 Rk RMR (Cal/day) 1550 £ 35 1672 + 171 NS
Triglyceride (mg/dl) 86.5 X+ 37.1 938 = 569 NS R.Q 0.75 + 0.12 0.75 + 0.08 NS

Free fatty acid (uEq/ly 457.1 + 257.2 316.1 =+ 184.2 * **: significant at p < 0.01, NS: not significant

Lactate (mMol/l) 318+ 128 221 £ 0.64 i

Insulin (pU/ml) 109 = 78 104 *+ 117 NS Table 5. Distribution of body build and metric index in athletes and

*: significant at p < 0.05, ***: p < 0.01
NS: not significant .

wer in the athletes than non-athletes. It was reported that
physical training can decrease glucokinase and hexokinase
activity and lower activity of the sympathetic nerve system,
resulting in a low blood insulin state.® Therefore, a higher
level of glucose in athletes of this study can attribute to
lower insulin level due to long-term training,

The triglyceride content showed no difference between
both groups and was in the normal range. Athletes had
significant lower concentrations of lactate and free fatty
acid than to non-athletes. Lactate concentration in blood
and muscle is known to reflect anacrobic metabolism and
muscle fatigue status. Such lower level of fasting secrum
lactate seemed rather to reflect lower glycolysis. Physical
training and exercise is known to improve cardiovascular
function and increase the actvity of hormone-sensitive
lipase. Furthermore, insulin is well known to inhibit hor-
mone-sensitive lipase and restrict release of free fatty acid
from adipose tissue. The lower concentration of insulin in
athletes seems to cause a fast release of free fatty acid as
an energy source in tissues like muscle for physical train-
ing. As a result, release of free fatty acid is increased by
exercise, so a higher level of serum free fatty acid was ob-
served in other study. However, the uptake of free fatty
acid into various tissues is proportional to its blood con-
centration.?” Free fatty acid is well documented to be us-
ed as the main energy source in endurance exercise. The
higher uptake of free fatty acids into muscle than the re-
lease from the adipose tissue in athletes or preferential use
of free fatty acid than glucose as a energy source could re-
sult in a reduced level of free fatty acids in athletes in this
study. +

Resting metabolic rate (= RMR) and respiratory quoti-
ent (= RQ) of both groups are compared in Table 4.
Athletes had a higher resting metabolic rate, indicating a
higher basal metabolic rate than non-athletes. It is well
known that basal metabolic rate is dependent on the ac-
tive cell mass, such as muscle mass and skeletal mass. In
this study, the resting metabolic rate was not measured,
but calculated using body weight and age. Hence, the hi-

non-athletes n (%)
Build Groups
Total Non-athletes  Athletes e
Leptomorph 33 (53.8) 31 86.1) 2 (6.9)
Mesomorph 27 (41.5) 4 (11.1) 23 (79.3) 38.459**
Pyknomorph 5(7.7) 1(2.8) 4 (13.8)

#+: significant at p < 0.001

gher values for resting metabolic rate of athletes seemed
to reflect not only higher fat-free mass, but also body we-
ight of athletes. Respiratory quotient showed no significa-
nt difference between the non-athletic and athletic groups.
Mean of respiratory quotient of both groups are, respec-
tively, ca. 0.75, indicating a high proportion of fat oxida-
tion compared to general RQ value of 0.85.%” Because in
this study the RQ was measured in fasting state, free fatty
acids may have been used as the main energy source rath-
er than glucose in both study subject groups, resulting in
a low RQ value.

2. Distribution of body build in non-athletes and
athletes

The study subjects were allocated to 3 different body
build using metric index. The body shape distribution of
non-athletes and athletes is shown in Table 5. The lep-
tomorphic body shape, indicating generally a tall and slim
body build, was shown in 86% of the non-athletes. In con-
trast, 79% of athletes showed a mesomorphic body shape,
mainly indicating a mid-type between a tall and slim, and
a short and thick body shape. The pyknomorphic non-athle-
te category included only one person.

3. Influences of body build in non-athletes and

athletes

To examine influences of body build on body composi-
tion and energy metabolic status of non-athletes and ath-
letes, all anthropometric variables, serum energy metabol-
ic substrate, RMR, and RQ were categorized by body bu-
ild type separately in non-athletes and athletes.

Means of height, weight, tricep skinfold thickness (TSF),
chest depth, breadth and metric index in different body
builds of non-athletes and athletes are listed in Table 6.
Height, weight, TSF, chest depth, and chest breadth of
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non-athletes showed difference, increasing from leptomor-
phic to pyknomorphic type. Athletes have, in contrast to
non-athletes, a highest height in leptomorphic body build
compared to other body builds, but did not showed any
form of dependence on the body build. Weight, TSF, and
chest depth of non-athletes increased significantly from le-
ptomorphic to pyknomorphic type, so athletes of pykno-
morphic shape have also highest values of anthropometric
variables except height as compared to other body build
types. Chest depth and Metric index increased from lep-
tomorph to pyknomorph in the athletes and non-athletes.
Body mass index, fat-free mass, fat mass, and body fat
proportion (%) in different body builds are shown in Fig.
1. These anthropometric variables in non-athletes increas-
ed significantly from leptomorph to pyknormorph. Chest
depth and breadth were used in this study as components
for determination of body build. Chest breadth is report-
ed to be a good estimator of frame size.*” The pattern of
body composition by body build types correspond exactly
to that of chest size variables, indicating an association of
body build with body composition. An positive associati-
on of body bony diameters including chest size or body
build with body fatness in people without vigorous physi-
cal activity was also reported in other studies.®'®? In ath-
letes, anthropometric variables including BMI and body
composition, were larger in pyknormorph as compared to
leptomorph and mesomorph body builds. The smallest bo-
dy fat percentage as like chest breadth is found in meso-
morph. From this outcome, there seems to be a deep re-
lationship between body fat accumulation and chest br-

cadth in judo athletes.

Serum concentration of fasting glucose, triglyceride, fr-
ec fatty acid and lactate, and insulin are listed in Table 7.
Insulin concentration in non-athletes showed significant
differences among different body build types. Leptomor-
phs showed, however, lower values than other body build
types. Leptomorphic athletes also showed, lower values than
other body build types, but this difference was not statisti-
cally significant. It is well known that after weight reduc-
tion, the insulin sensitivity for blood glucose is increased,
while the insulin requirement is reduced. It is also report-
ed that body fat mass and blood insulin concentraton are
positively associated.®® Hence, it could be supposed to be
a lower insulin secretion from pancreas in body build ty-
pes with lower fat accumulation in both groups compar-
ed to the other body builds. The insulin concentration in
athletes was lower than in non-athletes in all the body bu-
ild groups. This was probably because of high glucose up-
take into the muscle® and of a lower release of insulin from
pancreas as a result of low sensitivity of insulin to blood
glucose® from long-term physical training.

The serum glucose concentration of non-athletes show-
ed no significant difference according to body build. The
leptomorph have, however, rather lower glucose level. This
pattern should be associated with lower fat accumulation,
resulting in a lower level of insulin concentration in this
body build.® The lactate, triglyceride and free fatty acid
content in serum showed, in contrast, the highest values
in non-athletic mesomorph than in other body builds.
However, the mean values of these metabolic parameters

Table 6. Comparison of anthropometic variables among different body builds of non-athletes and athletes (Mean + SD)
Variables Body build
|eptomorph esomorph Pyknomorph

Height (cm)

Non-athletes 1743 + 5.8° 1805 + 6.5° 1850 + 0.0°
Athletes 1840 + 17.0° 1720 + 7.0° 175.0 + 4.1°
Weight(kg)

Non-atheltes 66.3 + 8.3° 86.8 + 17.6° 1076 + 0.0°
Athletes 76.5 £ 5.5° 77.5 + 12.1° 1108 =+ 16.1°
TSF(mm)

Non-athletes 9.2 + 3.1° 114 + 45° 165 = 0.0°
Athletes 65 + 2.1° 8.1 + 3.5° 19.1 + 10.8°
Metric index

Non-athletes -1.25 = 046° -0.13 £ 024 0.26 £ 0.00°
Athletes -0.8 = 0.0° -0.36 + 0.24° 070 + 057°
Chest depth{cm)

Non-athletes 174 + 2.0° 226 + 1.0° 238 + 00°
Athletes 19.7 + 1.5° 206 = 2.3° 248 + 1.7°
Chest breadth(cm)

Non-athletes 272 + 2.0° 319 = 1.4 349 + 0.0°
Athletes 312 4+ 3.6% 296 + 3.0° 339 + 2.1°

With a given row, values with different superscripts are significantly different, p < 0.05
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Fig. 1. Comparison of anthropometric variables in different body builds of non-atheletes and atheletes. A : Body mass index (kg/m.), B : Fat-free mass
(kg), C : Fat mass (kg), D : Body fat mass (%). Different alphabets indicates significant difference (p < 0.05).

in all the subgroups were in normal range. Such pattern
of metabolic parameters in dependence on the body bu-
ild of non-athletes is same as that of insulin than of body
fat mass. Insulin stimulate lipogenesis and inhibit lipolysis
in adipose tissue, and stimulate consumption of glucose in
the various tissues. Therefore, the release of free fatty ac-
id from the adipose tissue would be lower in mesomorph.
The highest free fatty acid level in mesomorphic non-ath-
letes seems to be caused by a decreased uptake into tissu-
es and a greater oxidation rate. Also, the high serum lac-
tate content in mesomorphic non-athletes, reflecting high
glycolysis rate in tissues like muscle, could be attribute to
the stimulating effects of insulin on glucose oxidation. The
above change of energy substrate and metabolite would
indicate that carbohydrate was for energy supply in the fa-
sting state more preferentially consumed than fat in meso-
morph than other body builds.

A different influence of body builds on carbohydrate
metabolic status was found between non-athletic and ath-

letic groups. Glucose concentration of athletes decreased
slightly from leptomorphs to pyknomorphs, showing an
opposite pattern to that of non-athletes, although the diff-
erence in glucose content among different body builds was
not significant. Tt could be attributed to the relatively hi-
gh insulin concentration in mesomorphs and pyknomor-
ph. Lactate concentration was, although not significant,
also slightly higher in mesomorph and pyknomorphs than
leptomorphs, reflecting a high rate of glycolysis in both
build types. As the pattern according to body builds cor-
responded to that of insulin concentration, high insulin
content seems to cause higher anaerobic oxidation rates
than other energy oxidative pathways in the same way as
like its effects on the fasting glucose level.

Serum triglyceride and free fatty acid content of athlet-
es did not show any significant difference in dependence
on body build type. The leptomorphs and mesomorphs
showed very low fasting levels of triglyceride, probably as
a result of low fat mass in the body from physical train-
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Table 7. Comparison of fasting serum glucose, triglyceride, free fatty acid, lactate and insulin concentration among different body builds of athletes

and non-athletes (Mean * SD)
Variables Body builds
Leptomorph Mesomorph Pyknomorph

Glucose(mg/dl)

Non-athletes 839 + 14.0° 883 + 18.2° 110 + 00°
Athletes 106.5 + 12.0° 100.3 + 13.3° 850 + 22.7°
Triglyceride (mg/dh

Non-athletes 822 + 30.1° 1273 + 82.1° 920 + o00®
Athletes 540 + 5.6° 925 + 604° 1210 = 425°
Free fatty acid(uEg/l)

Non-athletes 444.2 + 267.0° 548.8 + 222.5° 4650 = 0.0
Athletes 318.0 + 158.4° 310.2 + 201.4° 3465 + 117.5°
Lactate(mMol/l)

Non-athletes 297 +  049° 480 = 3.24° 290 = 00®
Athletes 1.75 +  0.49° 228 + 0.66° 2.08 + 0.65°
Insulin(uU/ml)

Non-athletes 912+ 3.95° 213 + 187" 207 +  00°
Athletes 515 £ 1.34° 109 + 12.9° 103 £ 7.0°
Different superscripts in the same row indicates significant differences (p < 0.05) between groups by LSD (least squares difference) comparison test
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§ 20000
S
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3 1500t
1000}
500
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Fig. 2. Comparison of anthropometric variables in different body builds of non-atheletes and atheletes. A : Respiratory quotient, B : Resting metabolic

rate (Cal/day). Different alphabets indicates significant difference (p < 0.05).

ing. Higher fatty acid concentrations were shown in pyk-
nomorph possessing excessive fat mass than in other bo-
dy builds. Furthermore, fasting insulin concentration is hi-
gher in this build type. As in non-athletes, the high level
of free fatty acids in pyknomorph would, therefore, result
from excessive reduction of free fatty acid oxidation rath-
er than by its release from adipose tissue by the stimulati-
on of insulin.

RMR and RQ in different body builds are shown in
Fig. 2. Resting metabolic rate of non-athletes increased
from leptomorphic to pyknomorphic type, as a result of
high body weight and fat-free mass. In athletes, the RMR
was shown to be significantly higher in pyknomorphic ty-
pe than in leptomorphic type. This seems to reflect the
larger fat-free mass and body weight in pyknomorphic ty-

pe than in other body builds.

Mean of RQ in non-athletes was higher in mesomor-
phs than in other body builds. Considering the lactate and
free fatty acid pattern, it is supposed to be not only an in-
crease of whole carbohydrate oxidation rate, but also a
higher rate glycolysis than of fat oxidation. This pattern
of RQ in dependence on the body build agrees with that
of serum insulin. Therefore, this would be due to the hi-
gh insulin concentration. In athletes, pyknomorph have,
although not significant, higher RQ than the leptomor-
phs, reflecting an increased carbohydrate oxidation and re-
duced fat oxidation proportion in pyknormorph. This pat-
tern agrees also with that of body fat%, triglyceride, and
free fatty acid content being opposite to that of serum glu-
cose. The anaerobic carbohydrate oxidation, glycolysis ra-
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te did not show any difference between mesomorph and
pyknomorph in athletes as like insulin. A

As previously mentioned, the fat mass and fat percen-
tage in pyknomorphic athletes increased. Also, it was sh-
own in other study, that people with high fat mass or
BMI have in general higher RQ value as compared to
one with ideal body weight as a result of low proportion
of fat oxidation,” As shown in the pattern of RQ, The
pyknormorphic athletes would have rather lower lipolytic
efficiency than other body builds, for which high efficien-
cy is essential for endurance exercise. The mesomorphic
athletes, having the higher insulin level without excess fat
mass, showed lower RQ than pyknormorph. Considering
this, the highest oxidation proportion of carbohydrate as
energy source of pyknomorph in athletes was probably due
to synergic effects of the body fat excess and increased in-
sulin level. The high RQ, indicating relatively low lipo-
lysis agreed to the increase of lactate, triglyceride and free
fatty acid concentrations. In non-athletes, not the body fat
excess, but the higher concentration of insulin in meso-
morph seemed to cause not only the increase of anaero-
bic but also aerobic proportion of carbohydrate oxidation
than fat, resulting in the high free fatty acid and lactate
content.

From that above mentioned, it was shown that body
build influence not only body composition, but also insu-
lin which is the chief hormone regulating energy metabo-
lism. As a result, body build type influence carbohydrate
and fat metabolic state in blood, carbohydrate and fat ox-
idation proportion of body in a interrelated way. This
study is the first one to investigate effects of body build
on energy metabolic indicator using easily measurable bo-
ny anthropometry.

CONCLUSION

In this study, the relation of body build and metabolic
state variables such as body composition, carbohydrate, and
fat metabolism indicators in blood, resting metabolic rate,
and RQ was investigated in non-athletes and athletes, us-
ing Metric index as a criterion of body build.

Most athletes have mesomorphic body build, in contr-
ast to non-athletic students who have leptomorphic body
build. The fat-free mass, fat mass, and fat percentage in
non-athletes were increased from leptomorph to pykno-
morphs. In the athletic group, only pyknomorphs have
higher anthropometric values than other body build types.

Higher concentration of lactate, triglyceride, and free
farty acids in serum were observed in mesomorphic non-

athletes. In athletes, no significant difference of such ener-
gy substrate and metabolite according to the body builds
was observed. However, fasting glucose concentration in
serum showed a decreasing tendency in pyknomorph. La-
ctate, triglyceride, and free fatty acids concentrations sh-
owed, in contrast, an increasing tendency in this build,
and, as a result agreed to the pattern of serum insulin.

RMR in different body builds increased significandy from
leptomorph to pyknormorph in non-athletes and athletes,
as a result of change of body mass and fat-free mass in de-
pendence or the body build types. RQ of fasting state
were highest in mesomorphic non-athletes and in pyknor-
morphic athletes, indicating an increased use of carbohy-
drate rather than fat as chief energy source. The high RQ
of athletic pyknormorph indicate, that in state of no di-
etary energy supply, lipolytic ethciency would be lower in
pyvknomorphs than in other body builds, and despite ex-
cessive fat reserves, energy supply from body fat would be
restricted. Such effects may influence the performance of
endurance sportler.

From the results of this study, it can be concluded that
body build type is associated, not only with body com-
position, but also with insulin concentration, thus influ-
encing carbohydrate and fat metabolism of both athletes
and non-athletes. As a result, a change of energy oxidati-
on ratio between carbohydrate and fat would occur. Th-
erefore, the variation in body builds of individuals should
be considered in investigation on the relationship betw-
een nutritional state and disease or exercise.

Literature cited

1) Dustan HP. Hypertention and obesity. Primary Care 18: 495-507, 1991

2) Bjoerntorp P. Visceral Obesity: A “Civilization Syndrome™. Obes Res 1:
206-222, 1993

3) Young TK, Gelskey DE. Is noncentral obesity metabolically begin? Im-
plications for prevention from a public health survey. JAMA 274: 1939-
1941, 1995

4) Cassano PA, Segal MR, Vokonas PS, Weiss ST. Body fat distribution,
blood pressure, and hypertention. A prospective cohort study of men
in the Normative Aging Study. Ann Epidem 1: 33-48, 1990

5) Moehr H. Body height and weight in dependence on body build type.
Z Arztl Forthild 64(12): 609-614, 1990

6) Johnson D, Scholz C. Anthropometrical Method for investigation and
evaluation of nutritional state. J Humboldt Uni Berlin 38: 218-226, 1989

7) Robinson SC, Brucer M. Hypertension, body build and obesity. Am J
Med Sci 199: 819-829, 1940

8) Weinsier RL, Norris DJ, Birch R, Bernstein RS, Wang ], Yang M-U, Pi-
erson RN, Van Itallie TB. The relative contribution of body fat and fat
pattern to blood pressure level. Hypertension 7: 578-585, 1985



Ok Hee Lee et al 101

9) Carter JE, Heath BH. Health, behavioral variables and occupational ch-
oice. In: Somatotyping-development and applications. Cambridge Un-
iversity Press: Cambridge, 1990

10) Kroke A, Bergman M, Klipstein-Grobusch K, Boeing H. Obesity, body
fat distribution, and body build: Their relation to blood pressure and
previous of Hypertension, submitted in Int J Obes, 1999

11) Metropolitan Life Insurance Company. New standards for men and wo-
men. Stat Bull Metrop Insur Co 40: 1-9, 1959

12) Katch VL, Freedson PS, Katch FI, Smith L. Body frame size: Validity
of self apprasial. Am J Clin Nutr 36: 676-679, 1982

13) Himmes JH, Frisancho RA. Estimatir;g frame size. In Anthropometric

- standardization reference mannual ed. by Lohman TG, Roche AF, Mar-
torell R, pp.121-124. Champaign I : I—iuman Kinetics, 1988

14) Katch VL, Freedson PS. Body-size and shape: Derivation of the "HAT"
frame size model. Am J Clin Nutr 36 669-675, 1982

15) Greil H. The body build in adulthood -GDR-representative anthropo-
logical Cross-sectional study 1982/1984, Berlin Humboldt University
Math-Nat Dissertation, 1988

16) Frisancho R, Flegal P. Elbow breadth as a measure of frame size for US
males and females. Am J Clin Nutr 37: 311-314, 1983

17) Metropolitan Life Insurance Company. Metropolitan height and weig-
ht tables. Stat Bull Metrop Insur Co 64: 1-9, 1983

18) Peters DM, Eston R. Prediction and measurement of frame size in yo-
ung adult males. J Sports Science 11: 9-15, 1993

19) Stroemgren E. On anthropometric indjces to differentiate body build ty-
pes. Z Neurol Psychiat 159: 75-81, 1937

20) Conrad K. The constitution types. 2. Vol., Berlin Heidelberg, 1963

21) Ryu HK. A survey of adolescent' concern and perception about body
image-at Miryang city-. Kor J Comm Nutr 2: 197-205, 1997

22) Lee BS, Sim Y], Lee SJ. Graphical analysis of BMI, Broca and Rohrer
indices in terms of anthropometric levels. Kor J Nutr 30: 195-200, 1997

23) Lohman TG, Roche AF, Martorell R. Anthropometric standardization
reference manual. T Human Kinetics Books Publ. Co, Champaign, pp.
90, 1988

24) Harris JA, Bendict FG. A biometric study of basal metabolism in man.
Publication 279. Washington D.C, Cambrige Institution of Washington,
1919

25) Anderson JL, Dumin JVGA. Enzyme immunoassay for intact human
insulin in serum or plasma. Clin Chem 39: 578-582, 1993

26) SAS Institute. Inc. SAS/STAT Users guide, Release 6.03 ed. Carz NC:
SAS Institute, Inc, USA, 1988

27) Lee RD, Nieman DC. Nutritionél assessment, Mosby, 1996

28) Zawalich W. Influence of physical training on insulin release and glu-

. cose utilization by islet cells and liver glucokinase activity in the rat.

Am J Physiol, pp.243-464, 1982

29) Lee KI. The effects of gradual maximal exercise on hormon changes and
energy metabolism responses. Kwonguk University Dissertation, 1993

30) Mun §J. Nutrition and Health, Shinkwang Publ Co., 1998

31) Garn SM, Pesick SD, Hawthorne VM. The bony chest breadth as a fr-
ame size standard in nutritional assessment. Am J Clin Nutr 37: 315-
318, 1983

32) Fehily AM, Butland BK, Yamell JWG. Body fatness and frame size: the
caerphilly study. Europ J Clin Nutr 44: 107-117, 1990

33) Rosenfalck AM, Almdal T, Gotfredsen A, Hilsted J. Body composition
in normal subjects: Relation to lipid and glucose variables. Int J Obes
20: 1006-1013, 1996

34) Winder W. Effect of endurance training on liver C-AMP response to
prolonged submaximal exercise. Am J Physiol 53: 240-330, 1981

35) Heath GW. Effects of exercise and lack of exercise on glucose toleran-
ce and insulin sensitivity. J App! Physiol 55: 512-517, 1983

36) Lee GY, Lee Y]. Advanced Nutrition, Shinkwang Publ. Co., 1988



