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Background: As many studies revealed that oxidative stress due to the imbalance of reactive oxygen species (ROS) and
antioxidant capacity is related with pathologic processes such as cardiovascular diseases, diabetes, as well as aging and
obesity, the relationship between lifestyle and oxidative stress has recently gained much medical attention. However, little
information exists on the effects of lifestyle on ROS in Korea. In this study, we investigated the effects of lifestyle on free
oxygen radical levels in men and women in Korea.

Methods: A total of 138 adults participated in this study from September 2007 to June 2010 at a health promotion center
and department of family medicine. Information on the lifestyle of each participant was obtained by questionnaire.
Biochemical markers and a free oxygen radical test (FORT) were also measured.

Results: The average age was 47.28 + 10.85 years and 79.7% were male. High sensitivity C-reactive protein (hs-CRP; r =
0.418, P = 0.012), triglycerides (r = —0.243, P = 0.008), hemoglobin (r = —0.445, P < 0.001), total protein (r = 0.210, P = 0.036),
creatinine (r = —0.294, P = 0.001), fruit intake per day (P = 0.047), and smoking (P = 0.003) were related to the FORT levels
in univariate analysis. Multiple linear regression analysis showed that hs-CRP (P = 0.039) was an independent predictor of
serum FORT values. This statistical model can explain 78% of the variance in FORT values.

Conclusion: This result suggests that hs-CRP showed a statistically significant positive association with FORT values.
Further studies on the relationship between lifestyle and antioxidant capacity as well as ROS seem to be warranted to
evaluate the overall effect of oxidative stress.
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Reactive oxygen species are formed as a result of the

metabolism of oxygen within cells for energy generation in the
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an imbalance occurs in the form of surplus of reactive oxygen
or shortage of antioxidants, this is referred as oxidative stress.
Oxidative stress is significantly associated with arteriosclerosis,
cancer, cardiovascular diseases, diabetes, inflammatory diseases,
obesity, and aging.l's)

Meanwhile, various lifestyle patterns, nutritional factors,
environmental factors, and genetic factors are reported to be
associated with occurrence of oxidative stress due to excess free
radicals and reduced antioxidant capacity.” According to studies
of antioxidant capacity conducted on healthy adults as subjects,
males and the elderly had a negative correlation with antioxidant
capacity. Abstinence from smoking, intake of vitamins and
minerals, routine exercise, and fruit intake were reported to have
a positive correlation with overall antioxidant capacity. Moreover,
mental stress, alcohol consumption, and excessive exposure to
the ultraviolet (UV) rays were reported to be associated with
reduction of antioxidant capacity.”

Many studies assessed oxidative stress using the free oxygen
radical test (FORT) values in patients with type 2 diabetes,
cardiovascular diseases such as myocardial infarction, cancer, and
others, and presented research results on their relationships.*"”

However, domestic studies on the effects of various
lifestyle patterns on reactive oxygen species (ROS) have been
inadequately conducted and study subjects were limited to certain
populations. In addition, a number of studies used methods other
than the FORT for assessment of oxidative stress. Therefore, this
study examined the effects of lifestyle, eating habits, disease, and
other factors on the FORT values in the Korean adult population.

METHODS

This study was implemented in accordance with ethical and
safety guidelines upon the approval of the institutional review
board in The Catholic University of Korea St. Vincent’s Hospital
(VC11 RISI0102).

1. Study Population

A total of 138 adults participated in this study from
September 2007 to June 2010 at a health promotion center and
department of family medicine located in Gyeonggi province.

Among 141 consenting participants, those who responded
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to questionnaires with insufficient answers or missing FORT

evaluations were excluded from the sample.

2. Methods

1) Lifestyle investigation

The research used self-report questionnaires to assess lifestyle,
eating habits, and disease history of participants. Sufficient
explanation of the purpose of the study and proper guidelines
for answering the questionnaire were provided a priori. The
questionnaires were self-administered and data collected with
the consent of participants. The survey included items on alcohol
history, smoking history, amount of exercise, living environment,
sun exposure, vitamin intake, eating habits, diabetes, high blood
pressure, cardiovascular disease, apoplexy history, allergic diseases
(i.e., asthma, allergic rhinitis, allergic dermatitis, and atopic
dermatitis), number of times contracting a cold per year, and
others. We conducted the analysis dividing between endogenous
and exogenous factors. Endogenous factors include age,
gender, amount of exercise, allergic diseases, history of diabetes,
high blood pressure, cardiovascular diseases, and apoplexy.
Exogenous factors include smoking history, alcohol history,
living environment, sun exposure, vitamin intake, eating habits,
and number of times contracting a cold per year. Regarding the
amount of exercise, groups were divided into a regularly exercising
group with one or more times a week, an irregularly exercising
group with less than once a week, and a group exercising not at
all. Regarding eating habits, the number of fruit and vegetable
servings consumed each day, and grilled meat and fast food intake
per week were taken into consideration. Meanwhile, history
of diabetes, high blood pressure, cardiovascular diseases, and
apoplexy were divided into cases without any diseases, cases with
disease, and cases with family history but without any diseases
currently.m) Moreover, the Korean version of Brief Encounter
Psychosocial Instrument (BEPSI) was used for evaluation of
the study population’s stress level. The BEPSI was developed by
Yim et al.") and its reliability is confirmed with Cronbach’s alpha
of 0.71. The survey asks patients to report their own degree of
stress by choosing from answers ranging from degree 1, “always”
to degree 5, “never” in all of the five questions. According to the
average score of the stress measure, patients were later categorized

into 3 groups: mild, moderate, and severe.
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2) Biochemical analysis

After more than 8 hours of fasting, blood samples were
collected to examine the total amount of cholesterol, triglycerides,
high-density lipoproteins, low-density lipoproteins, albumin,
total protein, uric acid, high sensitivity C-reactive protein (hs-
CRP), glycated hemoglobin, aspartate transaminase, alanine
transaminase, gamma-glutamyl transpeptidase, blood urea
nitrogen, creatinine, lipoprotein A, thyroid-stimulating hormone,
the total number of white blood cells, and blood pigments.

3) Assessment of reactive oxygen species

The FORT was evaluated by assessing hydrogen peroxide
(H,0,) levels within the blood using the blood samples obtained
from peripheral blood vessels of the tip of a finger using the
FORT test (Callegari, Parma, Italy) reagent. This test is based
on the principle that when Alkoxyl radicals and peroxyl radicals
formed during oxidation and de-oxidation of peroxide and
hydrogen peroxide by Fe2+ (ferrous iron) and Fe3+ (ferric iron),
are combined with CrNH,, develop differing degrees of colors.
Thus, by using the color comparison method, one can compare
and measure the concentration of free oxygen radicals. The free
radical analysis system (free oxygen radicals monitor [FORM]
Plus; Callegari) was used in the assessment. Analysis results were
presented with FORT units and 1 FORT unit is equal to 0.26
mg/L H,0,. Although only the measure of hydrogen peroxide is
observable using FORM, because the FORT reagent is packed
in a disposable container using freeze dried storage, it is simpler
to compare to conventional ROS test methods. Moreover, it
also shortens the total examination time taken, since except for
blood collection procedure, all the processes, inclusive of the
first and second assessment phases and the output of results,
are automated. In addition, it is also possible to conduct a wide-
range (160—600 FORT units) of tests with a high reproduction
rate. Since the test requires a small volume of blood sample
(20 pL), it reduces the fears that could be felt by patients and
thus can be conveniently performed. Since reliability, validity,
and reproduction of FORT are proven, the test has been
widely used in the analysis of free radicals of oxygen produced
in the body.g’lo’“’ls'm In particular, the study by Palmieri and
Sblendorio”'” showed that intra-assay coefficient of variation and
inter-assay coefficient of variation of FORT were 3.7% and 6.2%,

respectively.
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3. Statistical Analysis

Collected data were analyzed by using the SPSS ver. 12.0
(SPSS Inc., Chicago, IL, USA). Analysis of variance and t-test
were performed to examine the relationships of ROS with
lifestyle, eating habits, and the presence of disease. Pearson’s
correlation analysis was performed to identify the relationship
biochemical markers and free oxygen radical levels. Finally,
multiple linear regression analysis was performed to analyze the
effects of various independent variables on the FORT. P-values

less than 0.05 were regarded as statistically significant.

RESULTS

1. Relationships between Endogenous Factors

and the Free Oxygen Radical Test Values

A total of 138 subjects participated in the study and their
average age was 47.28 + 10.85 years. The subjects comprised 110
males (79.7%) and 28 females (20.3%). There was no significant
difference when the FORT values were compared over age,
amount of exercise, presence of allergic diseases, and history
of diabetes, high blood pressure, cardiovascular disease, and
apoplexy. Moreover, no significant correlation was found when
the FORT values were compared depending on the degree of
stress using BEPSI-Korean, the Korean version (Table 1).

2. Relationships between Exogenous Factors

and the Free Oxygen Radical Test Values

The FORT values in present smoking group, past smoking
group, and non-smoking group were 271.49 + 53.64 FORT
units, 296.48 + 78.85 FORT units, and 326.78 + 79.59 FORT
units, respectively, depending on the smoking habits, showing a
statistically significant high value in the non-smoking group (P
=0.003). The FORT values were 306.67 + 76.08 FORT units
in the group eating fruit no more than once a day; and 27841 +
68.25 FORT units in the group eating fruit more than twice a day
depending on the fruit intake per day. A statistically significant
high FORT value was shown in the group eating fruit no more
than once a day (P = 0.047). Furthermore, no significance
was found when the FORT values were compared with other
exogenous factors including alcohol consumption per week,

living environment, sun exposure, vitamin intake, the vegetable
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Table 1. Relationship between endogenous factors of the study population and levels of reactive oxygen species measured by the free

oxygen radicals test (FORT).

Endogenous factors No. of subjects FORT P-value
Age (y) 0.598*
<35 15 319.67 £ 84.83
35—49 62 297.31+74.17
>49 61 300.93 £ 76.89
Sex <0.001'
Male 110 287.28 £ 69.64
Female 28 356.57 £77.32
Exercise 0.252*
Often 60 291.08 £77.78
Sometimes 38 301.84 +71.40
None 38 316.87 £72.46
Stress* 0.431*
Mild 81 299.06 £70.76
Moderate 28 309.89 + 83.55
Severe 24 283.25+72.36
Allergy 0.884"
No 97 29741 +76.57
Yes 35 299.57 +69.67
Diabetes 0.992*
No 105 299.12 +72.67
Yes 8 299.50+109.89
No, but family history (+) 18 296.78 +77.08
Hypertension or heart diseases or stroke history 0.405*
No 78 291.91+77.42
Yes 37 305.24 £73.82
No, but family history (+) 19 314.79+61.96

Values are presented as number or mean + SD.

*P-value was obtained by one-way analysis of variance. 'P-value was obtained by t-test. “The degree of stress was assessed by Brief

Encounter Psychosocial Instrument score.

intake per day, grilled meant and fast food intake per week, and
number of times contracting a cold per year (Table 2).

3. Relationships between Biochemical Markers
and the Free Oxygen Radical Test Values
The FORT values exhibited negative correlations with

hemoglobin (P < 0.001), creatinine (P = 0.001), and triglycerides
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(P =0.008), according to analysis on the relationships between
biochemical markers and the FORT values. In contrast, positive
correlations were shown with total protein (P = 0.036) and hs-
CRP (P =0.012). There was no statistically significant relationship
between the FORT values and other biochemical markers (Table
3). Profound positive relationships were shown between hs-CRP
and the FORT values in a scatter diagram (Figure 1).
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Table 2. Relationship between exogenous factors of the study population and levels of reactive oxygen species measured by the free oxygen
radical test (FORT).

Exogenous factors No. of subjects FORT P-value
Smoking 0.003*
Smoker 35 271.49 +53.64
Ex-smoker 52 296.48 +78.85
Non-smoker 51 326.78 +79.59
Alcohol (no. of intakes/wk) 0.341*
0 41 312.44 +£74.55
<1 25 309.32 £ 83.50
>1 72 292.25+74.58
Environment 0.666*
Clean 28 293.75+68.79
Slightly contaminated 75 297.03£69.11
Contaminated 32 309.56 +92.97
Sunlight (duration of exposures, h/wk) 0.099*
<2 62 317.56 £ 76.15
2-5 43 285.88 £ 63.52
>5 30 282.53 £81.24
Vitamin (week intake frequency) 0.560"
Regularly 34 292.82+75.28
Never 102 301.50 £74.78
Fruit (no. of intakes/d) 0.047"
<1 101 306.67 £76.08
>2 34 278.41 +68.25
Vegetables (no. of intakes/d) 0.532"
<1 61 294.97 £66.34
>2 73 302.95 £ 78.94
Meat (no. of intakes/wk) 0.903"
<1 88 299.91£72.54
>2 48 298.27 £79.35
Fast food (no. of intakes/wk) 0.623"
<1 126 300.22 +73.43
>2 10 288.10+93.32
Cold (year frequency) 0.922"
<2 104 29791 +73.58
>3 27 296.33 £79.71

Values are presented as number or mean + SD.
*P-value was obtained by one-way analysis of variance. "P-value was obtained by t-test.
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Table 3. Relationship between biological data of the study

population and reactive oxygen species levels measured by the free

oxygen radical test.
Mean + SD r P-value
WBC (10° cells/L) 6.45+1.88 —0.090 0.320
Hemoglobin (g/dL) 14.86 + 1.40 —0.445 <0.001
Total protein (g/dL) 7.34+£0.47 0.210 0.036
Albumin (g/dL) 4.92+3.74 0.033 0.746
HbAlc (%) 6.21+1.31 —0.180 0.435
AST (IU/L) 24.85+12.05 —0.096 0.295
ALT (IU/L) 30.29+26.15 —0.136 0.134
v-GTP (U/L) 43.87+52.58 —0.115 0.227
BUN (mg/dL) 15.44 +4.23 —0.045 0.643
Creatinine (mg/dL) 0.90 £ 0.20 —0.294 0.001
Uric acid (mg/dL) 5.65+1.61 —0.130 0.175
Total cholesterol (mg/dL) 201.77+35.92 —0.128 0.156
Triglyceride (mg/dL) 133.85+80.12 —0.243 0.008
HDL cholesterol (mg/dL)  44.96 +10.23 0.153 0.100
LDL cholesterol (mg/dL)  123.70+37.79 —0.008 0.951
hs-CRP (mg/dL) 0.17+0.23 0.418 0.012
Lipoprotein A (mg/dL) 14.05+12.80 0.346 0.174
TSH (uIU/mL) 1.67 +1.88 —0.052 0.583

P-values were obtained by Pearson’s correlation analysis.

WBC: white blood cell count, HbAlc: hemoglobin Alc, AST:
aspartate transaminase, ALT: alanine transaminase, y-GTP:
gamma-glutamyl transpeptidase, BUN: blood urea nitrogen, HDL:
high-density lipoprotein, LDL: low-density lipoprotein, hs-CRP:
high sensitivity C-reactive protein, TSH: thyroid-stimulating
hormone.

4. Analysis of the Effects of Various
Independent Variables on the Free Oxygen
Radical Test Values
Multiple linear regression analysis was conducted to assess

the effects of significant variables on the FORT values in

univariate analysis including age. The analysis showed that hs-

CRP was an independent predictor of FORT values. R*-value

was 0.78 (Table 4).

Korean ] Fam Med

Yun-Ah Lee, et al: Lifestyle Effects on the Levels of Free Oxygen Radicals

Table 4. Determinants of the free oxygen radical test value by

multiple linear regression.
Coefficient B SE P-value
Age 0.499 2.933 0.868
Smoking 8.705 28.669 0.767
Fruit —65.639 38.009 0.112
hs-CRP 105.363 44.997 0.039
Triglyceride —0.331 0.233 0.183
Hemoglobin —26.342 20.636 0.228
Total protein 32.209 33.576 0.358
Creatinine —124.510 148.570 0.420
R 0.78 - -
hs-CRP: high sensitivity C-reactive protein.
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Figure 1. Analysis of the correlation between free oxygen radical
test (FORT) values and high sensitivity C-reactive protein (hs-CRP).

DISCUSSION

This study examined the effects of FORT values on various
lifestyles, eating habits, the presence of disease, and other factors.
First, no significant difference was present when the FORT values
were compared with endogenous factors such as age, amount
of exercise, degree of stress, the presence of allergic diseases, or
others. In addition, no significant difference was shown when
the FORT values were compared with exogenous factors such as
weekly alcohol consumption, living environment, sun exposure,
vitamin intake, daily number of servings of vegetables, weekly

grilled meat and fast food consumption, and number of times
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contracting a cold per year. Moller et al.¥ reported that alcohol
consumption, smoking, emotional stress, exposure to UV rays,
air pollution, and other factors may cause an increase in oxidative
stress. Lesgards et al” also found that antioxidant capacity had a
negative correlation with increasing age in the case of males in the
study on the effects of various lifestyles of adults on antioxidant
capacity. The study also showed that antioxidant capacity had
a positive correlation with intake of vitamins and minerals,
and routine exercise. When the FORT values were compared
depending on smoking habits, the values were statistically
significantly high (P = 0.003) in the non-smoking group. Unlike

23 . .
) an inverse correlation was found between

earlier studies,”
smoking and ROS. However, smoking had no relationship to free
radical values in the analysis of effects of various independent
variables on the FORT values. Lorgis et al” presented similar
results in their study, reporting that no significant difference
was found when the FORT values were compared depending
on smoking habits. However, there are many studies showing
diverse results on the effects of smoking on ROS including the
study of Lesgards et al.” which exhibited a positive correlation
between non-smoking and antioxidant capacity. Since tobacco
smoke contains massive amounts of ROS and oxidizing agents
besides from nicotine, the mechanism of atherosclerosis is
oxidative deformation of low-density lipoprotein cholesterol
within the plasma due to free oxygen radicals and other products
formed during smoking.w However, as stated above, study results
on the relationship between smoking and oxidative stress are
inconsistent. Therefore, additional studies are needed to test the
relationship under controlled environments.

When the FORT values were compared depending on fruit
intake per day, the FORT value was statistically and significantly
high (P = 0.047) in the group eating fruit no more than once
a day. Since the study was not conducted on the relationship
between eating habits and ROS, direct comparison was not
available. However, a positive correlation was found between
antioxidant capacity and fruit intake in the study of Lesgards et
al.” Furthermore, a study by Cao et al.”* showed similar results
to this study, that is, an increase in fruit and vegetable intake was
effective in boosting blood antioxidant capacity. Fruit intake
was shown to have statistically significant correlation with the

FORT values in the analysis of the effects of various independent
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variables on the FORT values. Although a declining tendency
in the FORT values was observed as fruit intake increased, such
results are assumed to be similar to those of previous studies.
Additional studies with a greater sample population should be
performed in the future.

The FORT values exhibited negative correlations with
hemoglobin (P < 0.001), creatinine (P = 0.001), and triglycerides
(P =0.008) in terms of biochemical markers. On the other hand,
they showed positive correlations with total protein (P = 0.036)
and high sensitivity C-reactive protein (P = 0.012). However, only
hs-CRP was actually related to the FORT value in the analysis of
the effects of various independent variables on the FORT values.
The result is thought to be practically due to influences of various
other variables. hs-CRP is an inflammatory marker which has
been assessed in numerous studies and has been used especially
as a potential marker of the risk of cardiovascular diseases.'”*®
Lorgis et al.” conducted a study on 66 patients with acute
myocardial infarction to investigate the relationships among the
FORT values as the evaluation tool of oxidative stress, and clinical
and biochemical markers. According to multiple linear regression
analysis, the study reported that the independent predictable
factor of FORT values were, in case of hs-CRP, (P = 0.023),
and left ventricular ejection fraction <40% (P < 0.001), and in
case of diabetes (P = 0.039). Abramson et al.'”’ reported that a
profound positive correlation was shown between the FORT
values and hs-CRP in a study conducted on 126 adults without
any coronary heart disease to identify the relationship between
hs-CRP and oxidative stress marker. In addition, Garelnabi et al®
also identified a positive correlation between the FORT values
and hs-CRP. In this study, utilization of hs-CRP as an oxidative
stress predictable factor could be taken into consideration since
a profound positive correlation was exhibited between the
FORT values and hs-CRP. There was no significant difference
shown when the FORT values were compared depending on the
history of diabetes, high blood pressure, cardiovascular disease,
and apoplexy. However, the FORT values were high in type 2
diabetes compare to the control group, and free oxygen radicals
defence was shown to be low in the study of Pavlatou et al.”
ROS and antioxidant capacity are crucial in the occurrence and
assessment of oxidative stress. Moreover, the imbalance of ROS

and antioxidant capacity could induce oxidative damage and it is

Korean ] Fam Med



shown to be profoundly interrelated to the mechanism of various
diseases including type 2 diabetes and others.

This study has some limitations. First, although the study was
able to assess the relationships between various lifestyle patterns
with the FORT values, this study was not able to identify a precise
causal relationship. Since the study was conducted as a sectional
investigation, chronological relationships among variables were
unable to be identified. Second, since the study population
was composed of 110 males (79.7%) and 28 females (20.3%),
accurate data comparison between genders was difficult due to
a relatively higher number of male subjects. In addition, the total
number of subjects was insufficient. Third, since contractions
of diseases were investigated based on the self administrated
questionnaires, the actual diagnosis and treatments of diseases
could be different. Fourth, although the FORT values could
vary according to the influences of various eating habits and
genetic and environmental factors, this study solely investigated
the relationship between the FORT values and certain eating
habits and environmental factors. Fifth, the BEPSI, the valid
analysis method, was applied for the stress assessment of subjects.
Although no significant difference was shown in the FORT values
over the degrees of stress measured using the BEPSI, additional
studies are necessary to further investigate whether or not FORT
values reflect stress levels and are actually associated with the
degree of stress. Finally, this study measured the FORT values
by assessing hydrogen peroxide levels in the blood. Since the
research did not evaluate antioxidant capacity, there is a limitation
in assessing accurate overall oxidative stress levels.

Expanding on the findings of previous studies, since there
is a possibility of higher oxidative stress in the case of people
with high levels of hs-CRP, this study is significant in providing
evidence for the necessity and importance of ROS examination.
Moreover, sufficient fruit intake is thought to be helpful in
reducing free oxygen radicals. Additional large-scale studies are
thought to be essential to further investigate the relationship
between ROS and lifestyle, eating habits, and presence of
disease. Furthermore, oxidative stress needs to be assessed more
accurately by conducting studies on oxidation capacity at the

same time, as well as free oxygen radicals.
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