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Abstract

To investigate the statuses of the relationships between exercise, dietary habits, sleep, and serum biomarkers, such as reactive oxygen metabolites (ROM)
and biological antioxidant potentials (BAP), we conducted a questionnaire survey and collected urine and blood samples from high school students and
university athletes. Using the ROM and BAP values, the Oxidative stress-Antioxidant capacity Ratio (OAR) which reflects the antioxidant capability was
calculated. Although differences among the subgroups, such as gender, schools, and exercise habits etc., were observed, the levels of both ROM and BAP
were low, reflecting good psychosomatic statuses. The significant positive association between these two markers was indicated. The univariate analysis
indicated that the ROM value was significantly inversely associated with the consumption of “pork’, ‘chicken’, and ‘beef’, while the OAR correlations to
these three foods were significantly positive. The multivariate analysis revealed that ‘female” as compared with ‘male” had a significantly increased ROM
level, whereas ‘soybean’ (P < 0.001) decreased it. Similarly, the BAP levels of ‘female’ and ‘soybean” were significant decreased. In addition, in terms of
OAR, ‘soybean’ was significantly increased, while ‘female” was significantly decreased. The present findings should be considered in the future through
carefully designed epidemiological studies. In particular, comparisons between the present results and those obtained from another population sample,
such as elderly citizens, should be considered.
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Introduction potentials (BAP) in blood. The main component of ROM is
) ) o o ) hydroperoxide [15, 16], which causes cell death and tissue damage
As accumulating evidence has indicated, oxidative stress is caused . . . . .
. ) o [17, 18]. In spite of its oxidant power, the hydroperoxide level in
by an imbalance between oxidants and antioxidants [1]. Increased . . . .
o ] . . ] blood can be determined accurately, and it is comparatively stable in
oxidative stress plays an important role in the progression of chronic . . )
. . . . . comparison with the parent free radicals [19]. The BAP test measures
diseases, and aging. As reported in previous studies [2, 3], strong .
. Sy . the capacity of blood to convert an Fe3+ reagent to Fe2+ [20, 21].
links have been found between oxidative stress and various factors, i ) )
These tests are conducted using the Free Radical Analytical System 4

(FRAS4; Diacron, Grosseto, Italy) [15, 16, 22]. Although the amount
of time required to test both ROM and BAP is remarkably shorter
(approximately 15 min/sample), as compared with other serum

such as cigarette smoking, alcohol drinking, and aging. Therefore,
measuring oxidative stress levels may be useful not only for the
prediction of chronic disease propensity, but also for early health

promotion and administration. Particularly, from the viewpoint of
oxidative markers, these ROM and BAP tests are reportedly sensitive

[20]. Several studies about the ROM and BAP tests for adults [15-20]
have been conducted.

health promotion, studies using biomarkers for children and infants
should be performed, to accumulate beneficial evidence for individual
and group health promotion. In infants, measuring oxidative stress

or antioxidant capacity was conducted not only in unhealthy subjects
with diabetes [4-6], hypercholesterolemia [7], atopic dermatitis [8],
and Helicobacter pylori infection [9], but also in healthy subjects [10-
14]. However, almost all of these findings [4-13] were based on small
groups. Investigations using biomarkers based on epidemiological
concepts among larger groups of infants are required.

The BAP and ROM tests have been developed for measuring
reactive oxygen metabolites (ROM) and biological antioxidant

Ageing Sci Ment Health Stud, Volume 3(3): 1-8, 2019

However, as far as we know, little is also known about the levels
of ROM and BAP in youths or adolescents, or about related factors.
Therefore, further investigations using ROM and BAP are necessary
for a comparatively large sample of infants, to consider whether these
two markers reflect the actual statuses of the oxidative stress level and
the antioxidant capacity, or how these are influenced by related factors.
Consequently, we collected blood from healthy young students and
asked them to complete a questionnaire survey, to consider the actual
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statuses of oxidative stress and antioxidant capacity by means of
measuring the ROM and BAP values, and related factors. Essentially,
the purposes of the present study are to consider (1) the levels of ROM
and BAP among adolescents and youths, (2) the differences in the
ROM and BAP levels among subgroups with different characteristics,
and (3) the relationships of ROM and BAP with various related factors.

Material and Methods

Ethical procedure, blood collection and questionnaire
survey

In this study, 329 high school students (193 males and 136 females)
and 41 university students (33 males and 8 females) participated (total
370 subjects). The university students are members of a track and field
athletics club, and they train in either sprint or jump events almost
daily. Incidentally, the present university students include candidates
for the next Olympic Games. The 329 high school students were
classified according to whether or not the students participate in an
extra-curricular sports activity, and we decided on the following three
subgroups: ordinary high school students group (OS: 50 males and 63
females), high school athletes group (HA: 143 males and 73 females),
and university athletes group (UA: 33 males and 8 females) (Tablel).

The study protocol was approved by the Ethics Committee of
the Faculty of Education and Culture, University of Miyazaki (No.
001), along with the Declaration of Helsinki (Edinburgh, October
2000). The participants provided written informed consent before
the study. All subjects were in good health status at the time of blood
collection. Venous blood samples (approximately 7cc) were collected
from participants through venipuncture of the median cubital vein,
by an experienced physician and registered nurses. At the same time,
each individual’s information on school, age, sex, height, weight (for
BMI), and lifestyle was obtained from the questionnaire. With regard
to lifestyle items, self-estimations of exercise and dietary habits were
expressed on a three point scale as follows: “not or rarely”, “moderately”,
“almost regularly”.

Measurements of ROM and BAP

To estimate the levels of both oxidative stress and antioxidant
capacity, the ROM and BAP tests using the FRAS4 were conducted.
In general, a venous blood sample from the fingertip is utilized for
the ROM and BAP tests by using FRAS4. However, a blood sample
from the fingertip is exposed to the outside air, and although the two
tests using FRAS4 are cheap and reportedly accurate [23], we were
concerned that the effect of the oxidation of blood samples may
lead to some bias. Therefore, we used a fresh serum sample, without
exposure to the outside air, for the ROM and BAP tests. We obtained
fresh serum samples by centrifuging the blood at 3,000 r.p.m. for
10 minutes, immediately (within 10 minutes) after the blood was
collected. The obtained serum samples were stored at —20°C until
assayed. In addition, these serum samples were analyzed within 3 days
after drawing the blood, to ensure the freshness of the serum.

According to the manufacturer’s recommendations, a 10uL
serum sample and 1 mL of solution buffer (R2 reagent of kit, pH 4.8)
were mixed in a cuvette, and 10uL of the chromogenic substrate (R1
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reagent) was added to the cuvette. After mixing and centrifugation
for 60 seconds, the cuvette was incubated in a thermostatic block for
5 minutes at 37°C. The absorbance at 505 nm was then recorded. The
measurement values are represented by Carratelli units (U.CARR),
where 1 U.CARR corresponds to 0.8 mg/L H,O,. To determine the
BAP levels, 50uL of the R2 reagent (ferric chloride) was added to
the cuvette containing the R1 reagent (thiocyanate derivative), and
the absorbance was measured to obtain the reagent blank value. A
10uL portion of the serum sample was then added to the cuvette.
After an incubation for 5 minutes at 37°C, the absorbance at 505
nm was recorded. The BAP levels were expressed as pumol/L. The
manufacturer’s (Diacron) standards stated that the desirable range
of ROM levels is 250-300 U.CARR [15, 22], and that sufficient BAP
levels are higher than 2,200 pmol/L [20, 21].

Statistics

Fundamentally, the statistical analyses in present study were
conducted for each sex and each group, and were compared between
male and female or among subgroups, respectively. The mean values
and standard deviations of ROM and BAP were calculated. Moreover,
we determined the Oxidative stress- Antioxidant capacity ratio (OAR),
using the ROM and BAP values, in order to clarify each characteristic
of the subgroups. Regarding this OAR analysis, Sharma et al. [24]
reported that the composite reactive oxygen species (ROS)-total
antioxidant capacity (TAC) score is a novel measure of oxidative stress
and is superior to ROS or TAC alone, in discriminating between fertile
and infertile men. In ruminant medicine, the information on oxidative
stress is more accurate when using combined ROM and BAP data
than when using them separately [25, 26]. The OAR was calculated
as follows: BAP / ROM / divided by the geometrical mean of BAP /
ROM. Since the total mean of the OAR value corresponds to 1.0, the
OAR value for each group may be interpreted as follows: values higher
than 1.0 indicate high antioxidant ability, whereas those less than 1.0
show low antioxidant ability.

Theheight,bodyweight, BMI, and sleep duration werealso analyzed
as continuous variables. Therefore, the gender or subgroup differences
for these variables were detected by a t-test or a one-way analysis of
variance (ANOVA). In addition to the ANOVA analysis, multiple
comparisons among the subgroups were conducted with Scheffe’s test.
The following 16 items were analyzed as categorical variables: ‘aerobic
exercise, ‘anaerobic exercise, ‘strength training, ‘soybean intake]
‘potato intake, ‘seaweed intake, ‘bean curd intake; ‘fruit intake; ‘pork
intake; ‘chicken intake, ‘beef intake] ‘light-colored vegetable intake]
‘green or yellow colored vegetable intake, ‘salty confectionery intake,
‘chocolate-like sweets intake, and ‘soft drink intake’ Since comparative
analyses for these 16 items require nonparametric tests, the subgroup
differences were extracted by a Kruskal-Wallis test. The relationships
between ROM, BAP, and OAR with related factors were analyzed
with partial correlation coefficients, except for the effects of gender
difference. Moreover, a multiple regression analysis with a stepwise
procedure was conducted to reveal the significant factors for ROM,
BAP, and OAR, as dependent variables. Since the distributions of
these three markers were skewed, the log-transformed values of ROM,
BAP, and OAR, which showed normal distributions, were used in the
stepwise multiple regression analysis. All data were analyzed using the
SPSS software, version 14.0 (SPSS Japan Inc., Tokyo, Japan).



Kazuyoshi Tamae (2019) The Associations of Reactive Oxygen Metabolites and Biological Antioxidant Potentials with Related Factors in Healthy

Results

The profiles, physical characteristics, and sleeping durations
in each group are outlined in Table 1. As the statistical results, the
ANOVA test indicated that the height, weight, and BMI values of the
male subjects were higher in UA than in HS and HA (P < 0.05~0.01).
According to the t-test, the BMI values in HA and UA were higher in
males than in females (P < 0.01 and P < 0.05). In addition, the sleeping
durations in HA were greater in males than in females (P < 0.001).

The ROM (U.CARR) level for the total subjects was 249.28 +
51.46. A 4.61-fold interindividual variation was found (min = 99, max
= 456). Similarly, the BAP level (umol/L) was 2,478.36 + 276.59, with

Youth

a 1.92-fold interindividual variation (min = 1,684, max = 3,231). The
OAR level was 1.00 + 0.23 (min = 0.48, max = 2.61, interindividual
variation = 5.44-fold). The mean values (SD) of ROM, BAP, and OAR
by gender or groups are shown in Table 1. The ANOVA test revealed
that the ROM levels in male subjects were significantly different across
the three groups (P < 0.01). Similarly, the BAP levels in both male and
female subjects were significantly different among the three groups
(P < 0.001 and P < 0.05). For the OAR results, the male value was
significant higher than the female value (P < 0.001). Additionally, a
significant positive association was observed between the ROM level
and the BAP level in the entire sample (P < 0.05).

Table 1. Subjects’ characteristics, reactive oxygen metabolites (ROS), biological antioxidant potentials (BAP), and oxidative stress-antioxidant capacity ratio

(OAR) among HS group, HA group, and UA group.

Items HS HA UA F
(n=113) (n=216) (n=41)
Gender ( n=%/0) male (m) 50 (44.2) 143 (66.2) 33 (80.5) -
female (f)
63 (55.8) 73 (33.8) 8(19.5)
Age (mean=SD ) 16.70 + 0.92 16.22+0.72 20.20 + 1.36 -
Height (cm=SD) m 163.55 +24.81 166.53 + 18.5 175.62 +0.60 4.27 *
f 153.09 +20.13 155.92 + 14.26 163.56 + 5.49 1.40
Weight (kg=SD) m 58.35+8.71 61.02 £11.29 66.44 +4.94 6.41 **
f 49.93 +4.99 50.19 £ 6.36 54.51+1.38 2.09
BMI (mean=SD) m 19.74 £ 4.89 21.23+3.84 21.54+1.28 3.09 *
f 20.23 £2.01 20.15+1.81 20.43 £1.37 0.08
t -0.07 2.62%* 2.05%
Sleeping time (min*SD) m 365.76 + 55.81 375.30 +59.12 393.79 + 64.71 2.18
f 347.45+84.17 344.12 +£55.61 395.63 +49.82 2.02
t 1.26 3.62%%* -0.08
m 24432 +£46.22 244.71 £48.14 211.12+36.49 7.4 **
f 266.97 + 57.08 265.26 + 52.47 234.38 +34.53 1.33
ROM (U.CARR)
t -2.28* —2.88%* -1.63
total 256.95 + 53.54 251.66 + 50.47 215.66 + 36.89 10.776 ***
m 2424.18 +£259.04 2582.18 £299.71 2306.42 £214.48 15.78 #%**
f 2426.76 +217.98 2464.41 +238.13 2203.88 + 183.58 4.80 *
BAP (. mol/L)
t -0.06 3.14%* 1.24
total 2425.62 +235.93 2542.37 +285.37 2286.41 +210.70 19.489 **%*
m 0.98+0.16 1.06 £0.26 1.09+0.21 2.466
OAR (Oxidative stress — f 0.92+0.21 0.93+0.19 0.93+0.19 0.078
Antioxidant capacity ratio) t 185 3Gk 1.91
total 0.95 +2.00 1.02+0.25 1.06 +0.21 4.852 **

Note 1: High school student group, high school athletes, and university athletes are shown as HS, HA, and UA, respectively.

Note 2: t-test was applied to detect gender difference in each group, showing t values and asterisk.

Note 3: ANOVA was applied to detect the subgroup difference in each gender, showing F values and asterisk.

Statistical significance levels are as follows : * P < 0.05 ** P <0.01 ***P <0.001
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(Table 2) shows the response patterns of the 16 categories of
lifestyle items in each group. The Kruskal-Wallis test revealed that the
frequencies of ‘anaerobic exercise] ‘aerobic exercise, ‘strength training),
‘soybean;, ‘potato, and ‘seaweed” were remarkable higher in the UA
group than in the other groups (P < 0.001 for all). Conversely, ‘pork’
andTight-colored vegetable’ were lower in the UA group as compared
with the other two groups (P < 0.05 and P < 0.01).

(Table 3) shows the associations between the three markers and
related factors. For the continuous and nominal variables, the items

Youth

significantly related to the ROM level were ‘age’(r = -0.21, P < 0.001),
‘height’(r = -0.23, P < 0.001), ‘gender’ (r = 0.18, P < 0.001), ‘school’
(r=-0.19, P < 0.001), and ‘subgroup’ (r = -0.14, P < 0.01). The items
related to the BAP level were ‘age’(r = -0.26, P < 0.001), ‘gender’ (r =
-0.11, P < 0.05), ‘school’'(r = -0.21, P < 0.001) and ‘extracurricular
sports activity’ (r = -0.10, P < 0.05). The OAR level was significantly
correlated to ‘height’(r = 0.17, P < 0.01), ‘weight’ (r = 0.11, P < 0.05),
‘gender’ (r = -0.23, P < 0.001), ‘subgroup’ (r = 0.13, P < 0.001), and
‘extracurricular sports activity’ (r = 0.12, P < 0.01).

Table 2. Distributions (%) of lifestyle factors in high school students (HSS), high school athletes (HSA), and university athletes (UA)

Factors & Items HS HA UA 2
(m=50,f=63) (m=143,f=73) (m=33,£=8)
Notor Moderate Almost Not or Moderate Almost Not or Moderate Almost
rarely regular rarely regular rarely regular
Anaerobic 547 447 06 186 744 70 76 688 236 2347 %k
ining
Daily exercise L
Acrobic training 536 437 26 278 639 83 82 707 211 1111
Strength training 586 414 00 22 718 00 78 654 268 36.59
Soybean 33 663 04 375 578 47 117 267 617 109.45 *++
Potato 306 688 07 351 576 73 213 400 387 54.76
Ete:]ki“y food Seaweed 331 606 63 282 650 68 282 36 282 1733 %5
Bean curd 33 572 94 304 600 96 268 577 155 125
Fruits 36 559 105 265 637 97 307 56.1 132 026
Pork 302 540 159 294 583 123 25 6038 67 392
Meat intake Chicken 281 531 188 321 584 95 293 612 95 248
Beef 342 592 66 306 572 12.1 2.1 59.5 124 0.84
Lightcolored 264 472 264 271 579 150 342 620 38 2191 #*
Vegewbleintake | o oryellow- 290 565 145 270 584 146 339 59.1 70 380
colored
Salty 288 585 127 25 58.1 94 341 585 73 112
confectionery
ia;’sg between |y colate ke 253 23 123 294 603 103 409 489 102 <001
sweets
343 576 8.1 296 548 157 241 65.1 108 0.60
Soft drinks

Note: Kruskal-Warris test was conducted in order to detect statistical differences among sub-groups, shown as X score and asterisks. .Statistical significance levels are as follows: * P < 0.05

** P<0.01 ***P<0.001

Additionally, to detect the authentic correlation between these
markers and the lifestyle factors, we collectively conducted a partial
correlations analysis for the entire sample, with the elimination of the
influences of gender and school differences Table 3. The ROM level
was significantly inversely correlated to ‘soybean’(r = -0.13, P < 0.05),
‘pork’(r = -0.11, P < 0.05), ‘chicken’ (r = -0.12, P < 0.05), and ‘beef’(r
=-0.13, P < 0.05), whereas the BAP level was not significantly related
to all lifestyle items. The OAR level was significant associated with
‘soybean’(r = 0.14, P < 0.05), ‘pork’ (r = 0.10, P < 0.05), ‘chicken’ (r =
0.13, P < 0.05), and ‘beef’(r = -0.12, P < 0.05).
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The results of the multiple regression analyses of BAP, ROM,
and OAR by the stepwise method are shown in (Table 4). Due to
the significant correlations between ‘BMI’ and ‘weight’ (r = 0.85, P
< 0.001), or ‘extracurricular sports activity’ and ‘subgroup’ (r = 0.86,
P < 0.001), the‘weight'and ‘subgroup’ items were not included in the
analysis, in order to avoid collinearity. Accordingly, the following 23
items were used the in analysis as the independent variables: ‘age,
‘height, ‘BMI; ‘sleep duration, ‘gender (male = 0, female = 1)} ‘school
(high school = 0, university = 1); ‘extracurricular sports activity (not
attend = 0, attend = 1)} as well as the 16 lifestyle items. As the results,
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the ROM level of ‘gender’ (P < 0.001) was significantly increased,
whereas ‘soybean’ (P < 0.001) decreased it. These two independent

(P < 0.001) had significantly decreased BAP levels, with only 3%
variance explained. Finally, the OAR value of ‘soybean’ (P < 0.01) was
factors obtained from the multiple regression analysis explain 11% significantly increased, while that of ‘gender’ (P < 0.01) was significant

of the entire variation. Similarly, ‘gender’ (P < 0.01) and ‘soybean’ decreased, explaining 10% of the total variance.

Table 3 Associations of BAP, ROM, and OAR with related factors.

Factors and Items ROM BAP OAR
Demographic, physique, sleeping time factors
continuous variables @
Age —0.2] *** —0.26 *** 0.06
Height —0.23 #** -0.04 0.17 **
Weight -0.07 0.07 0.11 *
BMI 0.09 —0.05 —0.09
Sleeping time (in weekday) —0.05 0.07 0.08
Nominal variables ¥
Gender (male=0, female=1) 0.18 #%** —0.11* —0.23 ***
School (High school=0, University=1) —0.19 *** —0.21 *** 0.07
Subgroup (HS=0, HA=1, UA=2) —0.14 ** —-0.01 0.13 **
Extracurricular sports activity (no=0, yes=1) -0.07 0.10 * 0.12 **
Life style factors ©
Daily exercise
Anaerobic training -0.07 0.05 0.08
Aerobic training —0.10 —0.04 0.04
Strength training —0.10 —0.08 0.04
Healthy foods intake
Soybean —0.13 * 0.03 0.14 **
Potato —0.05 0.01 0.02
Seaweed —0.05 —0.01 0.04
Bean curd —-0.03 —0.03 0.02
Fruits -0.01 0.00 0.00
Meat intake
Pork —0.11 * —-0.01 0.10 *
Chicken —0.12 * —-0.02 0.13 *
Beef -0.13 * -0.01 0.12 *
Vegetable intake
Light-colored 0.01 0.05 0.00
Green or yellow-colored 0.00 -0.02 -0.02
Eating between meals
Salty confectionery 0.01 0.01 0.02
Chocolate-like sweets 0.01 —0.01 —0.03
Soft drinks -0.01 0.07 0.18

a) Pearson’s correlation coefficient was applied.

b) Spearman’s correlation coefficient was applied.

¢) Partial correlation coefficient without the influences of gender and school, were applied.

Statistical significance levels are as follows: * P<0.05 ** P<0.01 *** P<0.001
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Table 4. Stepwise multiple regression of log BAP, log ROM, and log OAR, against related factors

Dependent » Independent P Partial r © SE Standardized R? Adjusted R?
coefficients
Log ROM
Gender 0.09 0.02 0.24 ***
0.111 0.106
Soybean —-0.06 0.01 —0.2] ***
Log BAP
Gender -0.03 0.01 —0.15 **
0.031 0.026
Soybean —-0.02 0.01 -0.10 *
Log OAR
Gender —0.12 0.02 —0.30 ***
0.120 0.115
Soybean 0.04 0.01 0.15 **

a) Log transformed BAP, ROM, OAR
b) Gender (male=0, female=1)
¢) Partial  indicates partial regression coefficient.

Statistical significance levels are as follows : * P<0.05 ** P<0.01 ***P<0.001

Discussion

Levels of ROM, BAP, and OAR

We obtained fine ROM and BAP results that reflected the good
status without gender or subgroup distinction among the present
subjects. The ROM level in present subjects was remarkably lower
than those in senior subjects [27-31], hemodialyzed patients [1],
chronic obstructive pulmonary disease (COPD) patients [32, 33],
asthma patients [34], periodontitis patients [35, 36], atherosclerosis
patients [37], and obstructive sleep apnea patients [38]. Meanwhile,
the present BAP level for all present subjects was slightly higher than
those of healthy adults [32, 39]. As stated by Olinski [40], oxidative
stress and oxidative DNA damage are probably contributing factors in
aging. Specifically, the ROM level was positively associated with age
[19, 39], whereas the BAP level was inversely correlated with age [19].
These previous findings support our present results, which indicated
lower levels of both ROM and BAP.

A significant positive correlation between ROM and BAP was
observed. This result is consistant with that in healthy middle-aged
subjects [31]. As described by Halliwell [41], the production of
reactive species in healthy aerobes is generally balanced with the
antioxidant defense systems. The antioxidant level may change in
proportion to the oxidative stress status. Therefore, our findings may
be supported by Halliwell’s conclusions [41]. Based on the proportional
association of ROM with BAP, the obtained OAR level may indicate
that the antioxidant capacity was higher in males than in females,
or in exercised subjects than in non-exercised subjects. For healthy
adolescents or youth, the OAR level may be considered as a useful
marker for investigating the actual association between oxidative
stress, antioxidant capacity, and related factors, such as lifestyle.

Factors related to ROM, BAP, and OAR levels

The distributions of the various exercise statuses and the dietary
intake were analyzed for the present subjects (Table 2). The frequencies
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of 3 items, composed of daily exercise, the consumption of 3 or more
healthy foods, and the vegetable intake were remarkably higher in
the UA group than in the HA or OA groups, irrespective of gender.
These results are considered to be meaningful information, reflecting
the characteristics of each subgroup. The Pearson’s and Spearman’s
correlation analyses indicated that the ROM, BAP, and OAR levels
were significantly associated with several demographic and physical
factors. The characteristics of these results were explained as follows:
daily exercising subjects or male subjects have lower values of ROM
and BAP, and higher values of OAR.

With regard to the influences of exercise on ROM, the level
reportedly demonstrated a reverse correlation with the handgrip
strength [28]. Additionally, the ROM values in the present university
subjects containing Olympic candidates were lower, and equivalent to
those of elite woman volleyball athletes in Serbia [42]. Various studies
have observed an adaptation in the body’s antioxidant defense system
as a result of aerobic exercise [43,44] and anaerobic exercise [45,46].
Therefore, the ROM, BAP, and OAR levels among healthy youth, such
as the present subjects, may be associated with substantial aerobic/
anaerobic abilities, rather than exercise frequencies as mere practice.
On the other hand, a significant association between the ROM level
and high-sensitivity C-reactive protein, as an inflammatory marker,
was reported [47]. Therefore, the ROM level may increase due to
muscle injury from exercise. Acute exercise can stimulate an increase
in reactive oxygen/nitrogen species (RONS) and subsequent oxidative
stress [48]. The ROM level in elite athletes fluctuated between before
and after the training period [42]. Moreover, other oxidative stress
markers, such as malondialdehyde (MDA) and lipidhydroperoxides
(LOOP), were reported as independent variables to the ROM level as
a dependent variable [42]. Considering these previous findings, the
validity or reliability of our findings should be confirmed according to
an appropriately designed study that can reveal the type, duration, and
intensity of exercise, as well as the associations with other oxidative
stress markers.
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The partial correlation analysis revealed that the ROM level was
inversely and significantly correlated with the consumption of ‘soybean,
‘pork; ‘chicken; and ‘beef’. Conversely, the OAR level was significantly
and positively associated with those 4 variables. Among them, the
‘pork; ‘chicken, and ‘beef consumption levels were significantly related
to ROM and OAR, which was unexpected. For instance, the ROM
level in people who generally have a high calorie dietary intake (meat,
butter, oil, etc.) and scarcely consume vegetable or fruits, was striking
higher than that in another people with a healthier dietary intake [28,
49]. However, the oxidative stress level was reportedly correlated with
imidazole dipeptides, anserine and carnosine, found in various meats,
as an antioxidant [50]. These are widely distributed in vertebrate
organisms and are particularly abundant in skeletal muscle [50], and
especially in chicken breast. However, their concentrations reportedly
vary widely with species and muscle types, and are found in greater
concentrations in muscle high in white fibers, with chicken white
muscle fibers containing over five-fold more anserine and carnosine
than the red fibers [51].

Therefore, the validity and reliability of the present results must be
confirmed, using an improved questionnaire to investigate the types,
parts, and preparation methods of the consumed meats.

As for ‘soybean, the stepwise multiple regression analysis also
revealed that increases of ROM and OAR, and a decrease of BAP
were predicted, due to the increased amount of ‘soybeanconsumed.
As reported by Wijeratne et al. [52], the effects of the soy isoflavones
genistein and daidzein on antioxidant enzymes were dependent
upon the compound and its concentration. In addition, DNA
damage is significantly inversely correlated to the plasma isoflavone
concentrations, among healthy young subjects [53]. Similarly, for
young subjects, the positive effects of soy protein consumption on
the plasma total antioxidant status were observed [54]. Based on
these previous findings, we should confirm the validity and reliability
of the present BAP results, using other blood antioxidant markers,
simultaneously. Similarly, the difference of ‘gender’ was significantly
related to the ROM, BAP, and OAR levels, not only in part of the
univariate analyses, but also in the multivariate analysis. These results
were in inverse proportion to previous findings [48, 55-57], which
indicated significant lower levels of MDA in women than in men.
These results may be due in part to the higher estrogen concentration
[48], which is known to possess antioxidant properties. As one of
the reasons, we could consider the fact that the present subjects were
very healthy adolescents or youths. In the future, to reveal the gender
differences between ROM, BAP, and OAR, we will conduct the same
type of investigation with samples from adolescent-aged subjects and
middle-aged and elderly subjects.

In premenopausal females, the measurements of oxidative stress
were considered to potentially fluctuate during the menstrual cycle.
As stated by Wactawski-Wende et al. [58], the human menstrual cycle
includes cycle-related changes in estrogen and other endogenous
hormone concentrations that may impact oxidative stress levels.
Therefore, we should consider the influences of the menstrual cycle
on the oxidative ROM, BAP, and OAR levels.
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Future issues

Lastly, we must describe that the current study suffers from
several possible problems and limitations. First, the interpretation
of the present results is limited because of the questionnaire design.
For instance, Table 2 indicated high “moderate” quantities for almost
all of the foods/meals. The answer frame consisted of a three-point
scale for our lifestyle factors items , allowing some ambiguity in the
interpretation of these results. In the future, in order to explain the
present findings, a questionnaire using a five- or more anchor point
scale may be required. Second, the height and weight data were not
based on measurements on the blood sampling day. Particularly, the
weight data were obtained according to self-measurement at home
on the morning of the blood collection. Therefore, their values may
have some uncertainly, and may not necessarily provide completely
accurate data for the BMI. Third, factors that may influence the serum
marker data, such as the time of venous blood collection or the elapsed
time after a meal or exercise, were not investigated in detail. From the
limitations and problems described above, the present findings should
be extended through a more precisely designed epidemiological study.
In particular, a comparison between the present results and those
obtained with another population sample, such as elderly subjects,
should be considered.
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