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ABSTRACT

We conducted a longitudinal study to examine changes in the respiratory exchange ratio (RER) during progressively
increasing body exertion in children and adolescents of female sex. In this analysis we only included 23 examinees for
which we had all yearly measurements from examinee’s age 9 years until 18 years of age. The data were analyzed accord-
ing to the chronological and biological age. According to both criteria, the highest RER values were recorded at moments
of maximum exertion and they did not increase with age. We found the highest RER values were in the year of the men-
arche. We interpret these results as related to the effect of estrogen. The beginning of sexual development involves a
gradual increase in estrogen plasma concentrations. At one point serum levels of estrogen reach a level high enough to
allow for maximum RER values, i.e. causing the optimum anaerobic capacity of the examinee. This threshold estrogen

value varies between individuals.
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Introduction

Respiratory exchange ratio (RER) is a ratio determined
by dividing the amount of produced (exhaled) carbon di-
oxide and consumed (inhaled) oxygen. The same value
measured at the cellular level represents the respiratory
quotient (RQ). By determination of RER values, it is pos-
sible to estimate which of the main energy substrates is
being utilized while performing certain task, i.e. physical
activity.

Furthermore, RER values change depending on the
type of energy substrate being metabolized, and they usu-
ally vary from 0.7 (indicating fat as the energy substrate
which is predominantly utilized) to 1.0 (indicating carbo-
hydrates as the energy substrate predominantly utilized).
Unlike fat and carbohydrates, proteins play a minor role
in energy metabolism, and their respective RER value is
usually around 0.8.

Respiratory quotients for fat and proteins are lower
than respiratory quotient for carbohydrates, largely due
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to the fact that major part of oxygen entering the meta-
bolic processes together with fat and proteins is being used
for binding with excess hydrogen atom, present in the mol-
ecules of those compounds. Thus, there is relatively less
carbon dioxide produced compared to the amount of oxy-
gen utilized. In persons with a normal, balanced diet, the
mean RER value is 0.825'.

Currently, there is lack of published studies that eval-
uate the changes of RER in children and adolescents dur-
ing a longer period of physical activity. Furthermore, the
results from the majority of research studies carried out
are rather contradictory. Martinez and Haymes examined
RER values in young girls (8 to 10 years) comparing them
with women (20 to 32 years). They concluded, because the
RER values were lower in girls, that girls rely more than
women on fat utilization during 30-min run on treadmill
run at 70% VO, max after a 12-hour fast. Some other
studies conducted on boys and adult males also have re-
ported lower RER values in boys than in adults during
submaximal exercises. On the other hand, Rowland and
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Rimany or Macek and his co-workers did not find lower
RER values in children compared with adults®®.

Despite the fact that RER have some limitations when
used to establish substrate utilisation’ it is extensively
used to describe substrate oxidation in children. Based on
different studies published to date it is the general consen-
sus that the lower values of RER observed in children
indicates that the children utilize more fat for energy at a
given exercise intensity®1°.

Thus, the aim of this study was to determine the respi-
ratory exchange ratio (RER) changes during progressive
exercise on the treadmill stress test in girls of nine to
eighteen years old. RER values will be analyzed sepa-
rately for each chronologic and biologic age and differ-
ences with respect to RER between these age groups will
be sought.

Materials and Methods

The present study used a sample of subjects from the
population of healthy school children from Zagreb. The
sample comprised 50 girls who were 8 years old at the time
of enrolment into the study. The group of children was
then followed up from the time they were 8 to 18 years and
represented a chronologically homogenous group of girls.
This was achieved due to the fact that the measurements
were scheduled each year on the subjects’ birthday or very
close to that date. However, at the end of the study the
final sample consisted of 23 girls. Their biological age was
determined by the age of menarche. The subjects under-
went standardized progressive exercise test on a treadmill
during which RER was measured. The test took place be-
tween 10.00 and 13.00. Before it the girls were allowed to
eat their usual breakfast, at least two hours before the
exercise. The girls were asked not to perform any strenu-
ous exercise 36 hours before the testing.

The measurements were divided into several stages: at
rest, walking on the straight surface, four different levels
of exercise workload (depending on the slope and speed on
a treadmill) and after a 10-minute recovery period.

Initially, each test consisted of walking for four min-
utes on the straight surface, at the speed level of 1.6 km/h.
This phase was followed by a 3 minute warming up period
on a treadmill with 10% slope and at a speed level of 4.8
km/h. After completing the warming up period, the sub-
jects were instructed to move to the next phase, which was
the first level of exercise workload and consisted of run-
ning at a speed level of 8 km/h at the slope of 12%. The
second level of exercise workload that followed next was at
a speed level of 9.6 km/h and at a slope of 14%, the third
consisted of a speed level of 12.8 km/h at a slope of 16%,
while the fourth level included a speed level of 12.8 km/h
and the slope of 18%.

The subjects were exposed to each of the four exercise
levels for two minutes. During the three-minute warming-
up phase and the four workload levels (2 minutes each),
the consumed oxygen (VO,), exhaled carbon dioxide
(VCO,) and respiratory exchange rate were recorded at

576

30-second intervals. We have chosen intervals of two min-
utes because it is well documented that the achievement
in steady state may occur more quickly in children com-
pared with adults!’.

The data obtained were analyzed by the standard sta-
tistical procedures in order to evaluate their basic charac-
teristics: arithmetic mean, standard deviation and range
between the minimal and maximal value. In addition, dif-
ferences between the obtained RER values relative to
chronologic age were analyzed by means of one-sided
analysis of variance (ANOVA) with repeated measures
(dependent variables), while for the biological age analysis
of independent samples was used.

Results

During each annual measurement, which lasted 11
minutes in total provided the subject completed all phases
of the stress test, respiratory exchange ratio (RER) was
recorded every 30 seconds. By using this design, a total of
22 RER values were obtained during each annual mea-

TABLE 1
DIFFERENCES IN RER FOR VARIOUS PHASES WITHIN ONE
ANNUAL MEASUREMENT, IN 10 CONSECUTIVE FOLLOW-UP
YEARS, RELATIVE TO SUBJECT’S CHRONOLOGICAL AGE

F p

M1 6.71 0.0001
M 2 5.96 0.0001
M 3 6.10 0.0001
M 4 5.81 0.0001
M5 7.82 0.0001
M 6 6.15 0.0001
M7 8.16 0.0001
M 8 5.29 0.0001
M9 4.35 0.0001
M 10 4.03 0.0001
M 11 3.97 0.0001
M 12 8.65 0.0001
M 13 13.30 0.0001
M 14 14.49 0.0001
M 15 12.57 0.0001
M 16 17.14 0.0001
M 17 14.11 0.0001
M 18 12.40 0.0001
M 19 8.58 0.0001
M 20 3.90 0.001
M 21 3.56 0.01

M 1-M 21 — phases within one annual measurement
F — F-ratio, p — statistical significance
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Fig. 1. Changes in RER relative to exercise workload (serial number of measurements, 1-22) and to subject’s chronological age (linear
plots 1-10). Linear plot designated as 1 represents the lowest chronological age (9 years), while the linear plot designated as 10
represents the highest chronological age (18 years).

surement. The results are presented both in figures and
tables.

From the linear plots provided in the figures below, it
can be seen that RER values initially declined mildly,
reaching the lowest point in the phase 11 that corresponds
to the second level of workload (5.5 minutes after the start
of the test), i.e. the speed of 9.6 km/h and the slope of 14%.
Following that point, RER values increased and reached
the maximal value at the peak of exercise workload, i.e. in
the last stage of measurement (Table 1, Figure 1).

From the shape of the linear plots provided, it can be
concluded that RER values increased relative to an in-
crease in the workload level to which subjects were ex-
posed, however this increase was irrespective of the sub-
ject’s chronological age.

Furthermore, by using a one-sided analysis of vari-
ance, a statistically significant difference was found be-
tween all phases of each individual measurement, regard-
less of the exercise workload. However, these differences
were greater as the workload increased.

Figure 2 displays the relationship between mean val-
ues of RER for each given biological age and a phase of
measurement. Similar to observed RER changes relative
to chronological age, we observed a similar pattern in re-
lation to biological age, with the initial discrete decline of
RER values that occur with increased workload. The RER
values declined until approximately half way through
each measurement, and again started to rise from that
point onwards, with a rising trend that lasted until the
end of the test, i.e. until subjects reached maximal work-
load level. Interestingly, the RER value was the highest

in the year of menarche (designated as year 0). Further-
more, the lowest RER value was recorded in subjects who
had earlier onset of menarche.

Table 2 shows statistically significant differences
across different age groups relative to biological age. The
level of statistical significance was higher at the higher
workload level.

The present longitudinal research showed that the
maximal RER values were recorded at the maximal work-
load level, which was the expected outcome. Notably, this
rising trend observed in RER values during the 11-minute
measurement was not constant. In the earlier phases of
each measurement, i.e. at the lower workload level, the
finding of the initial decline in RER values can be ex-
plained by adjustment of subjects to experimental condi-
tions under which the measurements were taken. The
described mild decline in RER values was recorded during
the first 5.5 minutes of the measurement (point 11 in the
figures), which corresponds to the second level of exercise
workload in which the subjects ran at the speed of 9.6
km/h and slope of 14%. Following this decline, the RER
values started to increase proportionally with the increase
in the level of exercise workload, and finally, at the point
of peak exercise, the RER values exceed 1 for each chron-
ological age. This finding can be attributed to lactic buffer-
ing and to shifting to anaerobic metabolism, which pro-
duces excess carbon dioxide as a by-product of bicarbonate
system.

Furthermore, the lower RER values obtained at the
beginning of each measurement can be explained by the
lower workload level and subsequent utilization of fat as
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TABLE 2
DIFFERENCES IN RER FOR VARIOUS PHASES WITHIN ONE
ANNUAL MEASUREMENT, IN 10 CONSECUTIVE FOLLOW-UP
YEARS, RELATIVE TO SUBJECT’S BIOLOGICAL AGE

F p
M1 3.91 0.0001
M2 2.22 0.022
M3 2.25 0.02
M4 1.99 0.042
M5 1.49 0.151
M6 1.79 0.07
M7 1.81 0.068
M8 0.95 0.487
M9 2.69 0.006
M 10 2.48 0.01
M 11 1.72 0.086
M 12 2.11 0.031
M 13 2.48 0.01
M 14 3.50 0.0001
M15 2.39 0.014
M 16 1.83 0.065
M 17 3.55 0.0001
M 18 7.88 0.0001
M19 11.27 0.0001
M 20 18.47 0.0001
M 21 10.71 0.0001

M 1-M 21 — phases within one annual measurement
F — F-ratio, p — statistical significance

the main energy substrate in the initial phases of the test.
As the workload level increased, a corresponding increase
in RER values was observed, in line with the metabolic
shift to carbohydrates as the main energy substrate.

The above described changes in the mean RER values
occur in each individual chronological age, however, an
age-dependent increase in RER values was not observed.
Namely, the highest RER value observed did not corre-
spond to the highest chronological age. Interestingly, the
highest RER value recorded during the study was in the
fifth year of follow-up evaluation, which corresponds to the
chronological age of 13 years.

In accordance with the previous findings, data analysis
with one-sided ANOVA with repeated measures showed a
statistically significant difference was found across all
phases of individual measurements, regardless of chrono-
logical age (Table 1). This difference, however, increased
with the increase in exercise workload level.

Similarly to analysis of chronological age, the pro-
cessed and analyzed results relative to biological, 1i.e.
physiological age of each subject demonstrate that for each
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age group the highest recorded RER value occurred at the
maximal exercise level.

Same as in previous analysis, the rising trend in RER
values was not constant; and followed a mild decline in
mean RER values at the beginning of serial measure-
ments. A subsequent constant increase started 5.5 min-
utes after the beginning of the measurements and contin-
ued to rise proportionally with the increase in the level of
workload.

The initial decline, same as in analysis related to
chronological age, can be explained by the adjustment
time needed by subjects to adjust to experimental condi-
tions in which measurements were taken. At the peak
exercise level, RER values exceeded the value of 1 for each
biological age, due to reasons explained earlier.

Figure 2 clearly demonstrates that the highest mean
RER values were recorded in the year of menarche, where-
as the lowest recorded values occurred in subjects of high-
est biological age, i.e. those subjects who had the earliest
onset of menarche.

Discussion and Conclusions

In agreement with the previous findings and as ex-
pected, the obtained results demonstrated that increasing
the exercise workload, energy metabolism shifted from
predominant utilization of fat to a more significant utiliza-
tion of carbohydrates. In particular, this shift became
obvious in the year of menarche, with the maximal RER
values recorded in that period. Thus, maximal utilization
of carbohydrates as energy substrate occurred in the year
of menarche, and increased proportionately with the in-
crease in the level of workload.

In line with previous knowledge, the first occurrence
of menstruation — menarche, is a relatively late stage of
sexual maturation of a child and it usually occurs 2.3
years after the start of breast development, which accord-
ing to Tanner indicates the beginning of sexual matura-
tion. Typically, menarche occurs after the rapid growth
spurt has been completed, i.e. 1 to 1.5 years following the
peak velocity of growth.

According to Jenner et al.'?, who are cited in Borer’s
book »Advanced exercise endocrinology«'®, serum estra-
diol level starts to increase rapidly in the Tanner stage 2
of sexual maturation in girls. According to Tanner clas-
sification’, the onset of menarche corresponds to transi-
tion between the Tanner stage 4 and Tanner stage 5, i.e.
to the complete sexual maturity as judged by the breast
development. Serum estradiol level increases from 37
pmol/l in Tanner stage 2 to approximately 220 pmol/l in
Tanner stage 5 of sexual maturation'?, leading to a conclu-
sion that this is the threshold concentration that needs to
be achieved for menarche to occur. Serum estrogen levels
in sexually mature women vary and usually are in the
range of 10 to 400 pg/ml or 37 to1,468 pmol/l, depending
on the phase of the menstrual cycle?®. It should be noted,
however, that estrogen effect depends not only on the se-
rum concentration of this hormone, but also on other fac-
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Fig. 2. Changes in RER relative to exercise workload (serial number of measurements, 1-22) and to subject’s biological age (linear
plots designated 5-6).

tors, such as the concentration of globulin to which estro-
gen binds, receptors and serum levels of other hormones.

In addition, it can be concluded that highest mean RER
value achieved occurred after the estrogen level reached
a certain level, a level that correlates well with the onset
of menarche. This threshold concentration of serum estro-
gen varies considerably between individuals, but accord-
ing to Jenner'2, its mean value is 220 pmol/l.

Apart from its effect on sexual organs, estrogen has an
effect on other organs and physiological processes as well.
It is well established that estrogens increase osteoblast
activity in bones and that exposure to estrogen also causes
epiphyseal and diaphyseal fusion of long bones. Likewise,
estrogens contribute to mild elevation of total capacity of
body metabolism and lead to a specific body composition,
with larger amounts of fat deposited into subcutaneous
tissues, resulting in the characteristic female body shape.

Significant amounts of sexual hormones, thus also es-
trogen, stimulate the secretion of growth hormone and
thereby indirectly influence the growth process. According
to Prader', there is a possibility of estrogens exerting
anabolic effects, but only in conjunction with the growth
hormone. Spadano et al.'” found that resting metabolic
rate is elevated at the time of menarche compared to 4
years after menarche and the authors suggested that this
finding is positively correlated with the increased effect of
growth hormone.

There are also findings in of elevated blood glucose
level and impaired glucose metabolism caused by estro-
gens in susceptible patients. Some of the effects of proges-
terone on central nervous system lead to increased sensi-
tivity of respiratory center to carbon dioxide.

Each of the above mentioned estrogen effects could be
the cause and explanation of the results of this research.
Osteoblast activity in bones, elevation of total energy ex-
penditure, indirect effect on growth through stimulating
secretion of growth hormone and possible anabolic effect
can all lead to maximal RER values. Progesterone effect,
evident in increased sensitivity of the respiratory centre
to carbon dioxide, could lead to higher intensity of respira-
tion, increased carbon dioxide release, which in turn leads
to elevated RER values.

A question that remains to be partially unanswered is
what caused the RER values to be maximal in the year of
menarche, while in the years that precede and follow men-
arche, the increase in RER values does not correspond to
age. As mentioned earlier, menarche is a relatively late
event in pubertal development and its onset occurs after
the growth spurt has been finished. Increased production
and secretion of estrogen and progesterone is being regis-
tered during a longer time interval and it is not limited
only to the year of menarche!®.

According to Guyton!, increased secretion of estrogen
occurs in puberty, with cyclic changes occurring during
menstrual cycles, and further increase in secretion of es-
trogen is recorded during first few years of reproductive
like. After that phase, gradual decline in secretion of es-
trogen occurs and eventually its cessation, i.e. menopause.
Lee et al.?° report on progressive increase in LH, FSH and
estradiol levels during puberty and peaking at the time of
menarche. After menarche, LH and FSH levels maintain
at the levels seen in mature women, whereas estradiol
concentration during luteal phase of menstrual cycle is
slightly lower than expected.
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Physical exercise of moderate to high intensity, to
which a person is exposed during a limited time interval,
is closely linked with the increased concentration of sexu-
al hormones in plasma. In adult women, increase in plas-
ma estrogen concentration is directly proportional to the
intensity of physical stress and is more pronounced in lu-
teal phase than in follicular phase of menstrual cycle.
Increase in progesterone concentration is recorded only in
luteal phase?!.

Increase in plasma concentration of sexual hormones
related to physical stress can be explained by stress caused
by haemoconcentration, slower degradation of hormones
by the liver due to decreased hepatic perfusion, secretion
of hormones from adrenal cortex and increased secretion
of gonadal hormones due to catecholamine effect. Compar-
ing the results of this research with those of other authors
in the scientific literature, we observed a number of regu-
lar changes.

With the sexual maturation and under the influence of
gonadotropins which increasingly start to be secreted at
the beginning of puberty, estrogen plasma levels starts to
rise. It was observed that estrogen levels as seen in the
year of menarche increase anaerobic capacity of the sub-
ject i.e. make the subject more capable of enduring physi-
cal stress. Exposure of such a subject to physical stress of
moderate to high intensity leads to increase in estrogen
plasma concentration and to all positive estrogen effects
on tissues and organs.

Within this context, it should be noted that an in-
creased level of LDL (low density lipoproteins) and lower
concentration of HDL (high density lipoproteins) can be
explained by lower concentration of estrogen in meno-
pause. Hormone replacement therapy with estrogen re-
sults with an increase in total HDL?*2.

It can be concluded from this analysis that a better
toleration of physical stress enables subjects to engage in
physical activity of higher intensity. As an increase in es-
trogen level is directly proportional to the intensity of the
physical stress, an increase in estrogen level will be great-
er, and thereby its positive effects.

Vihko and Apter? found in a research of 200 female
subjects that subjects with the early onset of menarche
maintain their higher levels of estradiol into the adult age
(followed up until the age of 25 years) when compared to
others. Likewise, it was found that subjects with the ear-
lier onset of menarche also had higher levels of FSH and
estradiol before the onset of menarche. Similar conclusions
were made by Apter and Vihko?* in his research carried
out on 84 subjects.

Based on results of Vihko and Apter, as well as on re-
sults of the present research, a hypothesis can be made
that in competitive sport in younger age groups better
results are achieved by sportswomen with an earlier onset
of menarche. Age groups are formed according to chrono-
logical age leading to a diverse biological ages seen in one
such age group. This leads to a certain advantage of chil-
dren with older biological age, due to described positive
estrogen effect.
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Conversely, based on the plethora of published studies,
it can be concluded with a high degree of certainty that
estradiol lowers, i.e. inhibits gluconeogenesis and glicoge-
nolysis, while at the same time shifting metabolic process
to increased utilization of lipids. This is caused by either
a direct estrogen effect on enzyme activity?>2?°or indirect-
ly, through effects of cortisol, growth hormone, catechol-
amines, glucagon and insulin?"?%, Tarnopolsky et al.?®
came to a conclusion that women who are under physical
stress at 75% VO, oxidize significantly more lipids and
less carbohydrates and protein in comparison to men.
Bunt? cites an increase of both resting and labor metabo-
lism caused by estradiol.

Wilmore et al.?! studied the RER changes during phys-
ical stress in eumenorrhoeic and amenorrhoeic female
runners. Measurements were taken during bicycle ergom-
eter test and treadmill tests at three different intensities
of exercise. During measurements at the treadmill at all
three exercise levels, slightly higher RER values (of 0.02)
were obtained in amenorrhoeic subjects. At bicycle ergom-
eter test similar results were obtained, with RER values
in eumenorrhoeic women being slightly higher only at the
maximal exercise level. Interestingly, the results of the
above mentioned studies are opposite to the results of the
present research. A possible explanation lies within the
fact that the above studies are carried out in adult women,
whereas this study was carried out in pediatric popula-
tion, including adolescents.

Besides positive changes in terms of increased levels
of sexual hormones that develop after physical exercise
and last for a shorter period of time, a delay of onset of
menarche from one to several years was observed in girls
who are actively engaged in sport activities. In particular,
this is observed in ballet dancers, female athletes and fe-
male gymnasts. According to Frisch et al.?? found that
each year of training before the anticipated onset of men-
arche delays its onset for 5 months.

There are at least four different mechanisms reported
as possible causes of development of primary amenorrhoea
in sportswomen: specific energy depletion, changes in the
stored body fat content, increased level of inadequate
sexual hormones and increased level of stress hormones.
Most likely, there is a combined effect of all these factors.
A young sportswoman with amenorrhoea who also has
eating disorder and osteoporosis is said to suffer from
sportswomen triad syndrome.

However, there are completely opposite views on this
issue. The fact that sports with the most prominent delay
of menarche (dancing, gymnastics, running) require a
specific physical constitution of sportswomen may lead to
a conclusion that the observed delay of menarche could be
result of screening by the trainer®. Some authors®* argue
that physically predisposed girls, who better meet the
needs of a certain sport, are selected from the group of
young sportswomen. These girls often had gentle constitu-
tion and usually were sportswomen of lower biological age.

In comparison to the most relevant and most cited re-
search that investigated RER changes in females®®, the
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present study had one significant change. Subjects of this
research were exposed to progressive physical exercise. In
Rowland’s research®, measurements were carried out at
the constant intensity of physical exercise of 63% VO,
while the research from Martinez and Haymes? was con-
ducted at two directions, also with the constant intensity
of physical exercise: relative (70% VO, ) and absolute
(7.2 km/h). Likewise, the maximal duration of each indi-
vidual measurement in this research was 11 minutes,
while at Martinez’ and Rowland’s research it was 30 and
40 minutes, respectively.

This was a longitudinal research, i.e. the same cohort
of female subjects were followed up during a period of 10
years, whereas in the previous two studies single mea-
surements were undertaken in two different age groups,
and the results later compared.

This research enrolled 23 female subjects who were
followed up from the age of 9 to 18 years. In the research
conducted by Martinez et al. there were two groups of 10
subjects with the mean age of 9.1 and 24.4 years. Rowland
and Rimany® and Bonen et al.?” conducted their research
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PROMJENE OMJERA RESPIRACIJSKE IZMJENE KOD DJECE: LONGITUDINALNA STUDIJA

SAZETAK

Cilj ovog istrazivanja bio je utvrditi kretanje omjera respiracijske izmjene (RER) tijekom progresivnog optereéenja na
pokretnom sagu kod djevojcica u dobi od devet do osamnaest godina. RER se analizirao za svaku kronolosku i biolosku
dob te su se analizirale razlike izmedu pojedinih dobnih kategorija. Istrazivanje je provedeno na uzorku izabranom iz
populacije skolske djece grada Zagreba. Skupina od 50 djevojcica prvi puta je testirana kada su imale 9 godina i pra¢ene
su do svoje navrsene 18. godine, a u konaéni uzorak uzete su u obzir samo one ispitanice koje su redovito, svake godine
pristupile mjerenju. Iz objektivnih ili subjektivnih razloga (bolest, promjena mjesta stanovanja) broj ispitanica je sman-
jen tako da u konacnoj obradi uzorak iznosio 23 ispitanice. Kako bi sve ispitanice bile izjednacene u odnosu na kronolosku
dob, kao dan mjerenja uziman je rodendan djeteta te su mjerenja izvodena tijekom citave skolske godine 1 ponavljana
svake godine na dan s$to blizi rodendanu ispitanice. Biolosku dob utvrdena je datumom pojave menarhe. Sve ispitanice
podvrgnute su progresivnom maksimalnom testu opterecenja na pokretnom sagu. Pomoc¢u aparature Ergopneumotest
kontinuirano je odredivan primitak kisika te oslobadanje ugljicnog dioksida na osnovu ¢ega je izracunata vrijednost
RER. Dobiveni rezultati obradeni su standardnim statistickim postupcima kako bi se utvrdile njihove osnovne deskrip-
tivne karakteristike. Razlike izmedu dobivenih vrijednosti RER u odnosu na kronolosku dob analizirane su metodom
jednosmjerne analize varijance za ponovljena mjerenja (zavisne podatke), dok je kod bioloske dobi primijenjena analiza
za nezavisne uzorke. Dva glavna i najvaznija zakljucka proizasla iz analize 1 pregleda dobivenih rezultata sadasnjeg
istrazivanja su kako slijedi: 1) najvisa dobivena srednja RER vrijednost je zabiljezena na maksimalnim razinama
opterecenja, nevezano za dob ispitanica; ii) najvisa dobivena srednja RER vrijednost je zapazena u godini menarhe. RER
vrijednost, zabiljezena tijekom hodanja ili trcanja na pokretnoj traci, nije bila ovisna niti o kronoloskoj niti o bioloskoj
dobi. Najnize RER vrijednosti su, za sve dobi, zabiljezene izmedu 40 1 60% aerobnog kapaciteta ispitanica $to je u sug-
lasnosti s rezultatima prijasnjih istrazivanja koja su pokazala da su najvise stope oksidacije masti izmedu 40 1 50%
maksimalnog VO2 u netreniranih Zena.
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