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Introduction 

During pregnancy, oxidative stress is enhanced by 

increased mitochondrial activity due to active energy 

metabolism in the placenta as well as increased active oxygen 

species production [1]. Oxidative stress is implicated in 

multiple pathological processes associated with human 

disorders, including those occurring during pregnancy [2]. 

Currently, the best method to measure oxidative stress in vivo 

is to detect changes in the levels of oxidation products of 

endogenous molecules such as DNA, proteins, or lipids [3]. 

The marker which is used to measure oxidative stress in vivo 

most commonly is an arachidonic acid oxidation product 

(F2isoprostanes) [4,5]. There is a variety of F2-isoprostanes, 

but the chemical species often used is 8-iso- prostaglandin F2α 

(8-iso-PGF2α). The excessive generation of 8-iso-PGF2α is 

merely nonenzymatic, and in particular reflect the increase of 

the chemical lipid peroxidation [6]. Because of various 

oxidation materials and an antioxidant material present in 

blood, 8-iso-PGF2α exhibits unsteadiness [7]. However, 

urinary sample is used as, in urine, it is relatively stable [8]. 

Hypertensive disorders of pregnancy (HDP) and depression 

are associated with elevated urinary lipid-derived 8-iso-PGF2α 

levels [9,10], 8-hydroxy-2′-deoxyguanosine (8-OHdG), a 

damage of DNA oxidation, has been used for this purpose in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

many epidemiological studies [11-16], because its chemical 

stability and urinary excretion make it easy to collect and 

manipulate specimens [17,18]. Whereas gestational diabetes 

mellitus (GDM) and depression are associated with elevated 

urinary DNA-derived 8-OHdG [19,20]. 

Acute aerobic exercise leads to oxidative stress, which 

can damage enzymes, protein receptors, lipid membranes, and 

DNA [21]. Regular moderate strength aerobic exercise 

enhances antioxidant levels and suppresses oxidative stress 

induced by a single bout of aerobic and resistance exercise 

[22-24]. 

Exercise during pregnancy reduces the risks of 

pregnancy-induced hypertensive disorders [25], gestational 

diabetes [26] and depression [27]. Previous studies have 

shown its benefits in pregnant women, including controlling 

weight [28], preventing lower extremity edema [29], 

decreasing blood pressure (BP) [30], reducing back pain [31], 

lowering blood loss during delivery [32], boosting self-

efficacy [33], alleviating postpartum fatigue and stress, and 

improving sleep quality [34]. The American College of Sports 

Medicine (ACSM) recommends aerobic exercise during 

pregnancy at a 3–4 days per week frequency, as exercise 

frequency is reportedly a birth weight determinant [35]. 

Further, aerobic exercise should last   15 min per day, with a 

gradual increase to a maximum of 30 min per day and a total 

Abstract 
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duration of moderate-intensity exercise of 120 min/week 

during pregnancy [35]. ACSM recommends exercise intensity 

of 40–60% VO2max to improve the health and physical 

strength of pregnant women and emphasizes the importance 

of combining aerobic and resistance exercises [36,37]. There 

have been few reports on pregnant women following a 

program combining moderate-intensity aerobic and resistance 

exercises, and no investigation has assessed oxidative stress. 

This study aimed to determine whether an exercise program 

for women in the second trimester may alleviate oxidative 

stress markers elevation. 

Material and Method 

Design and Setting 

We conducted a non-randomized controlled trial based 

on an exercise program with a trainer for 10 weeks beginning 

from the second trimester of pregnancy. This investigation 

was performed in an urban setting in Japan. This study was 

approved by the Institutional Review Board of Tokyo 

Metropolitan University, Arakawa campus (reference number: 

15066, 08 December 2015) and Teikyo University Ethics 

Committee (reference number: TUIC-COI16-0476, 17 August 

2016). Written informed consent was obtained from all 

participants. Data were collected between September 2017 

and September 2018. 

Participants and Sample Size 

Participants were recruited from two antenatal clinics 

with posters displayed at the hospital reception. The inclusion 

criteria were: (a) a low-risk singleton pregnancy (without a 

mental and physical health pregnancy complication) at (b) 20–

27 gestational weeks (GW) and (c) either having the intention 

to participate in maternity aerobics three times a week or no 

intention to attend maternity aerobics at all. The study purpose 

was explained to the potential participants by a study 

representative. After recruitment, participants willing to attend 

aerobics were assigned to the intervention group, and the non-

willing were assigned to the control group.  

The data were collected at the baseline appointment at 

20–27 GW and at a follow-up assessment after the 10 weeks 

intervention completion of ( 30 GW). We coded participants’ 

details to anonymous IDs linked to full names and addresses.  

Based on a previous study [38], the required sample size 

was calculated [39], and the required participant number in 

each group was estimated to be 90 (statistical power: 0.80, 

significance: 0.05, effect size: 0.6). Assuming a 15% 

withdrawal rate of participants, 110 participants were 

necessary for this study. The data collection flow chart is 

shown in Figure 1.  

 

 

Figure 1: Schematic representation of the recruitment procedure. 
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We obtained consent from 97 subjects. Thirteen subjects 

in the intervention group refused to participate because of 

relocation plans and were excluded from the study. Among 

the remaining 97 subjects, 52 and 45 individuals consented to 

participate in the intervention and control groups, 

respectively. By 10 weeks after the intervention 

commencement, seven intervention group subjects withdrew 

due to chorioamnionitis (n=3), urgent cesarean section due to 

breech presentation with unsuccessful abdominal version 

(n=1), and personal reasons (n=3), whereas two control group 

subjects withdrew from the study due to personal reasons.  

Exercise Program 

The exercise program, developed by the Japan 

Maternitybics Association (presently known as the Japan 

Maternity Fitness Association), consisted of 15 min warm-up, 

5 min slow training, 25 min moderate-intensity aerobic 

exercise at 40–60% VO2max, 10 min resistance exercise, and 5 

min cool-down [40]. The intervention group performed 

aerobic exercise thrice a week. A maternal aerobic exercise 

certified instructor demonstrated and supervised the entire 

aerobic exercise program choreographed to music.  

Before the beginning of the program, all patients 

underwent a midwife-led clinical review of BP, pulse, 

respiration rate, weight, and fetal heart sounds, an interview 

about their physical condition, and a review of the maternal 

and child health notebook. We consulted the nurse-midwife 

before each aerobic exercise session to confirm that 

abdominal measurements and fetal cardiac rates are within 

normal ranges. We measured BP at rest to confirm that the 

values were within an acceptable range (systolic BP140 

mmHg and diastolic BP 90 mmHg). The target heart rate 

(HR) calculation was performed using the Karvonen method 

as follows: 220 - age = maximal HR (maximal HR - resting 

HR) × exercise intensity 40%–60% + resting HR. If 

necessary, the midwife performed a similar check-up after the 

exercise program. 

Participants were asked to rate the Maternitybics 

Association perceived exertion using a scale of 7–19 [40]. For 

the determination of VO2max, participants were required to 

maintain an HR of 130–150 bpm while performing aerobic 

exercise at moderate intensity (perceived exertion score: 13–

15). During the exercise, HR was measured using a Polar FT1 

monitor (Polar Electro, Kempele, Finland). If a participant felt 

tired, she was instructed to stop exercising immediately. 

Control group participants received only standard pregnancy 

health assessments without exercise. 

Demographic and Clinical Characteristics 

Initial measurements were obtained for all participants at 

20–27 GW. We obtained the following baseline information: 

age, height, body weight, BP, GW, iodine supplement intake, 

smoking before and during pregnancy, passive smoking, and 

exercise habits before pregnancy. We classified the body mass 

index (BMI) as BMI <25 or 25  BMI＜30 according to the 

definition of the World Health Organization (WHO). Patients’ 

physical activity and psychological state at inclusion were 

also assessed. At the basement assessment, physical activity 

and the psychological state were assessed using the long 

Japanese version of the International Physical Activity 

Questionnaire (IPAQ) and the Japanese version of the General 

Health Questionnaire-28, respectively (GHQ-28) [41,42]. The 

WHO developed the IPAQ to compare physical activity levels 

internationally. The reliability and validity of the Japanese 

version of the IPAQ have been evaluated previously [41]. The 

GHQ-28 is a self-rated questionnaire to detect psychological 

well-being, and its use has been validated in women during 

pregnancy and the postpartum period [43]. 

Urinary 8-OHdG and Urinary 8-iso-PGF2α Analysis 

Total volume urine samples were collected from 

pregnant women at the baseline examination during the 

second trimester or after completion of a 10-week maternity 

aerobics program (2 h after the last session). Ten ml of urine 

samples were moved to an exclusive spitz, immediately stored 

at -100 C, and analyzed for up to 3 months. Urinary 8-OHdG 

and urinary 8-iso-PGF2α analysis was performed using 

enzyme-linked immunosorbent assay (ELISA) kits from 

Nikken Zail (Shizuoka, Japan). The analytical detection limits 

for urinary 8-OHdG and urinary 8-iso-PGF2α were 0.125 

ng/ml and 0.05 ng/ml, respectively. Creatinine (Cr) 

concentrations were determined in spot urine with a creatinine 

colorimetric assay kit, and urine samples were corrected for 

Cr levels. 

Maximum Oxygen Uptake 

Maximum oxygen uptake was measured using the 

maternal HR at the completion of slow training until prior to 

the resistance exercise. It correlated with the maximum HR 

and oxygen uptake (VO2max); therefore, the target HR was 

determined using the Karvonen formula (target HR = {(220 - 

age) - HR at rest} × exercise intensity + HR at rest) [44]. The 

maximum HR was estimated by subtracting the participant’s 

age from 220. Resting maternal HR before the start of the 

aerobic exercise program was used as resting HR. For 

exercise intensity, 60%, 50%, and 40% of VO2max were 

entered to calculate the respective target HR. VO2max was 

estimated by comparing the target HR and the maternal HR 

during moderate-intensity aerobic exercise. 

Data Analysis  

Continuous variables are presented as mean  standard 

deviation (SD). Fisher’s exact test and Mann-Whitney U test 

were used for discrete and continuous variables, respectively. 

We performed goodness of fit test (W test of Shapiro-Wilk) 

for the normality of urinary 8-OHdG and urinary 8-iso-PGF2α 

distribution and found that both values were normally 

distributed. To compare differences in urinary 8-iso-PGF2α 

and urinary 8-OHdG in the second and third trimester, we 

used paired t-test. Comparisons between the study and control 

groups in the second trimester and late pregnancy were 

performed using unpaired t-tests. We conducted a 

multivariable regression analysis with the urinary 8-OHdG or 
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urinary 8-iso-PGF2α as the dependent variables, belonging to 

the intervention or control group as the independent variable, 

and overweight, mental health status, passive smoking, iodine 

supplement intake, high-intensity physical activity, and 

previous exercise habits as covariates. Overweight, mental 

health status, passive smoking, iodine supplement intake, and 

previous exercise habits were selected since they had 

demonstrated an effect on oxidative stress in previous studies. 

High-intensity physical activity was selected because its 

levels differed between the groups (p<0.01). All results with 

p<0.05 were considered statistically significant. We 

performed data analyses using JMP for Windows version 

13.0. 

Results 

Baseline Characteristics  

Baseline characteristics are shown in Table 1. The 

intervention (n=45) and control (n=43) groups did not differ 

with respect to age, GW, BP, BMI, sleep, iodine intake, 

vitamin use, folic acid supplementation, exercise in the 

expectant mother, moderate-intensity physical activity or 

walking during work, moderate-level physical activity during 

domestic work, moderate-intensity physical activity or 

walking during recreation, exercise or outdoor activities, and 

means of transportation use, bicycles or walking for 

transportation. There was a significant difference between the 

intervention and control groups with regards to passive 

smoking (p=0.012), mental health status, exercise habits 

before pregnancy, and high-intensity physical activity 

(equivalent to carrying heavy baggage with disturbed 

breathing), during exercise and outdoor activities (p<0.01). 

 

Variable Intervention group (n=45) Control group (n = 43) p 

Age, (years, mean ± SD) (33.5 ± 3.8) (32.4 ± 3.9) 0.227 

Gestational weeks, (mean ± SD) (23.3 ± 2.6) (22.7 ± 2.3) 0.302 

Blood pressure 

Systolic, (mmHg, mean ± SD) 

Diastolic, (mmHg, mean ± SD) 

 

(104.7 ± 25.3) 

(57.2 ± 15.7) 

 

(101.9 ± 19.2) 

(53.6 ± 23.2) 

 

0.203 

0.429 

Weight 

BMI before pregnancy 25<30, n (%) 

BMI before pregnancy <25, n (%) 

Pregnancy weight gain (mean ± SD) 

 

0 (0%) 

45 (100%) 

(4.8 ± 2.1) 

 

3 (7.0%) 

40 (93.0%) 

(4.4 ± 2.2) 

 

0.112 

 

0.491 

Sleep duration (h, mean ± SD) （7.6 ± 1.1） （7.6 ± 1.2） 0.940 

Subjective insomnia 

Blank response, n (%) 

No, n (%) 

Yes, n (%) 

 

5 (11.1%) 

30 (66.7%) 

10 (22.2%) 

 

0 (0.0%) 

30 (69.7%) 

13 (30.3%) 

0.093 

Current smoking status 

First-hand smoker No, n (%) 45 (100%) 43 (100%) 
 

 
Yes, n (%) 0 (0%) 0 (0%) 

 

Passive smokerb No, n (%) 41 (91.2%) 29 (67.4%) 0.012  
Yes, n (%) 4 (8.8%) 14 (32.4%) 

Supplements 

Iodine  No, n (%) 42 (93.4%) 43 (100.0%) 0.241 

Yes, n (%) 3 (6.6%) 0 (0.0%) 

Vitamin Yes, n (%) 5 (11.1%) 4 (9.7%) 1.000 

Folic acid Yes, n (%) 22 (66.7%) 22 (51.2%) 1.000 

Exercise 

Exercise habits before pregnancyc No, n (%) 21 (46.7%) 36 (83.7%) <0.01  
Yes, n (%) 24 (53.3%) 7 (6.3%) 

Exercise during pregnancya No, n (%) 38 (84.5%) 39 (90.8%) 0.058  
Yes, n (%) 7 (15.5%) 4 (9.2%) 

 

Note: aExercise during pregnancy: bExercise during pregnancy of outside the exercise class 

Table 1: Demographic and clinical characteristics of the control and intervention groups. 

Changes in Urinary 8-OHdG Levels with Exercise  

There was no significant difference in the baseline 

urinary 8-OHdG levels between the groups (p=0.674) (Table 

3). The mean value of urinary 8-OHdG  SD in the 

intervention group at baseline and after 10 weeks was 8.3  

2.5 and 6.7  2.2, respectively. The mean value of the urinary 

8-OHdG level change from baseline to after 10 weeks  SD 

was -1.5  2.3, and the value was significantly lower at 10 

weeks after the start than at baseline (p<0.01). The mean 
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value  SD of urinary 8-OHdG of the control group at 

baseline and after 10 weeks was 7.8  2.6 and 8.0  2.7, 

respectively. The mean value  SD of the urinary 8-OHdG 

level change from baseline to after 10 weeks was 0.1  3.5, 

and there was no significant difference between the baseline 

value and that of after 10 weeks (p=0.791) (Table 3). 

The intervention and control groups had significant 

differences in urinary 8-OHdG level change (p<0.01), as 

determined by the Student’s t-test. A multivariable regression 

analysis confirmed that the exercise program decreased 

urinary 8-OHdG levels (p<0.05); however, passive smoking 

increased urinary 8-OHdG levels (Table 2).

 

  8-OHdG 

(ng/mgCr) 

8-iso-PGF2α 

(ng/mgCr) 

t p t p 

Intervention or control group -2.18 0.032 -2.71 0.008 

Being overweight1） -0.52 0.604 -1.26 0.211 

Mental health status2） -0.69 0.492 0.96 0.338 

Passive smoker3) 2.06 0.043 0.28 0.781 

Iodine supplements4) 1.02 0.310 1.18 0.243 

Exercise habits before the pregnancy5） -0.50 0.621 0.69 0.493 

High-intensity physical activity6) -1.23 0.223 -0.13 0.896 

1)BMI before pregnancy: greater than 25 = 0, smaller than 25 = 1. 
2)Without diagnosis = 0, with diagnosis of a psychological disorder = 1. 
3)Passive smoker: no = 0, yes=1. 
4)Iodine supplements: no = 0, yes=1. 
5)Exercise habits before the pregnancy: no = 0, yes = 1. 
6)Feel to have a custom to conduct high-intensity of physical activity: no = 0, yes = 1.  

Table 2: Multivariable analysis for the changes of 8-OHdG and 8-iso-PGF2α levels between the groups. 

Changes in Urinary 8-Iso-PGF2α Levels with Exercise  

The baseline urinary 8-iso-PGF2α levels did not differ 

between the intervention and control groups (p=0.696) (Table 

3). The mean  SD value of the urinary 8-iso-PGF2α level at 

baseline and after 10 weeks was 3.7  1.7 and 3.8  1.8, 

respectively. The mean  SD of the changes in urinary 8-iso-

PGF2α between baseline and after 10 weeks was 0.2  2.1,  

 

showing no significant difference between baseline and after 

10 weeks (p=0.763). Meanwhile, in the control group, the 

mean  SD value at baseline and after 10 weeks was 3.7  1.4 

and 5.3  1.5, respectively. The mean change in the value of 

urinary 8-iso-PGF2α after 10 weeks from baseline  SD was 

1.5  1.8, while the value was significantly higher after 10 

weeks compared to the baseline levels (p<0.01) (Table 3). 

 

 8-OHdG (ng/mgCr)  Intervention group p Control group p 

Baseline 8.3 ± 2.5 
 

7.8 ± 2.6 0.674 

After 10 weeks 6.7 ± 2.2 
 

8.0 ± 2.7 
 

Change from baseline to after 10 weeks −1.5 ± 2.3 <0.01 0.1 ± 3.5 0.791 

8-iso-PGF2α (ng/mgCr)  Intervention group p Control group p 

Baseline 3.7 ± 1.7  3.7 ± 1.4 0.696 

After 10 weeks 3.8 ± 1.8  5.3 ± 1.5  

Change from baseline to after 10 weeks 0.2 ± 2.1 0.763 1.5 ± 1.8 <0.01 

 

Table 3: Urine 8-OHdG and 8-iso-PGF2α level changes in the intervention and control groups. 

The intervention and control groups differed 

significantly in the changes regarding urinary 8-iso-PGF2α 

levels (p<0.01) from baseline to after 10 weeks of aerobic 

exercise, as determined by the Student’s t-test. We performed 

a multivariable regression analysis to account for the effect of 

any potential confounding factors. A multivariable regression 
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analysis confirmed that the changes in urinary 8-iso-PGF2α 

levels significantly differed between the groups (p<0.01), 

indicating that a moderate-intensity exercise program may 

alleviate oxidative stress markers (Table 2). 

Maximum Oxygen Uptake of The Intervention Group 

The mean target HR ( SD) required to attain 60%, 50%, 

and 40% VO2max was 150.6 ( 6.1) beats per minute (bpm), 

138.8 ( 5.7) bpm, and 132.7 ( 7.6) bpm, respectively. The 

mean HR of the test group ( SD) was 137.7 ( 9.8) bpm. 

Here, the intensity of the aerobic exercise performed 

corresponded to 40%–60% VO2max. 

Discussion 

Increased oxidative stress has been associated with 

physical and psychiatric disorders during pregnancy. We 

implemented a three-times-weekly fitness program combining 

a moderate-intensity aerobic and resistance exercise regime 

starting in the second trimester and running continuously for 

10 weeks to reduce oxidative stress in pregnant women. We 

measured the intervention effect by testing urinary 8-OHdG 

and urinary 8-iso-PGF2α levels. 8-OHdG level comes from 

the nucleic acid oxidation. It is related with the increased risk 

with of some retrograde and cancer diseases [45]. Urinary 8-

OHdG level is known to increase due to smoking, aging, or 

physical, chemical, or biological substances [46,47]. It is 

specific metabolites of a free radical and the cell membrane 

arachidonic acid by lipid peroxidation effects, and 8-iso-

PGF2α does not depend on the enzyme catalyst process [48]. 

As for the multiple investigations, the smokers are shown to 

have increased 8-iso-PGF2α with urine as compared with 

nonsmokers [49,50]. The subjects employed in this study have 

no smokers, so we conducted statistical analysis for BMI, 

passive smoking, BP, sleep, and exercise habit.  

A moderate-intensity aerobic program performed 

continuously for 10 weeks starting in the second trimester 

decreased urinary 8-OHdG levels and prevented urinary 8-iso-

PGF2α level increase at the end of the program compared to 

baseline. 

Minimum exercise intensity of 40% VO2max is necessary 

to improve physical function [51]. Less than 40% VO2max 

cannot expect the effect for the making of health [52]. 

Reactive oxygen species do not increase with exercise 

intensities of less than 70% VO2max [53]. According to ACSM, 

the smallest exercise intensity necessary for improvement of 

health, the physical strength is done more than 40 with a range 

less than 70% VO2max [54]. Performing a moderate-intensity 

exercise program including 30 sessions improves maximum 

oxygen uptake, thereby improving aerobic fitness [55]. 

Therefore, we attribute the oxidative stress decrease, 

measured by changes in urinary 8-OHdG and urinary 8-iso-

PGF2α, to the 30-session moderate-intensity aerobic exercise 

program at 40%–60% VO2max. Here, the exercise program 

consisted of moderate-intensity aerobic exercise combined 

with resistance exercise. Resistance exercise promotes muscle 

protein anabolism regardless of age [56]. The significant 

muscle protein synthesis increase by acute resistance exercise 

is maintained for at least 48 h [57]. Resistance exercises 

prevent muscle weakness, and programs that combine 

resistance exercise with moderate-intensity aerobic exercise 

three times a week can be safely continued throughout 

pregnancy. Many pregnant women tend to decrease the 

exercise time and intensity before pregnancy [58,59]. The 

results were not affected by being overweight, mental health 

status, iodine supplement intake, and high-intensity physical 

activity. However, 8-OHdG levels were increased by passive 

smoking, which is consistent with previous findings [60]. It is 

noted that after 10 weeks, 8-OHdG decreased in the 

intervention group whereas it unchanged in the control group. 

This trend was not seen for 8-iso-PGF2α which unchanged in 

the intervention group whereas increasing in the control 

group. This difference may have been associated with the 

difference of these markers in biological implications; 8-

OHdG is a marker for DNA oxidation, 8-iso-PGF2α is a 

marker for lipid oxidation. For the late pregnancy, a maternal 

energy source varies from glucose to lipids. As a result, free 

fatty acids in blood and phosphorus lipid concentrations 

increase [61]. We surmise that the observed feature of 8-iso-

PGF2α may suggest the possibility that, for the third trimester, 

an oxidation power derived from lipids is enhanced. 

The optimal type and intensity of exercise during the 

second and third trimesters of pregnancy are still being 

investigated [62]. As for our study, 30 moderate aerobic and 

resistance exercise sessions with an intensity of 40–60% 

VO2max alleviated the increase of 8-OHdG and 8-iso-PGF2α 

associated with GDM, HDP, and depression. 

There are several limitations to this study. First, even 

though we controlled for several factors, including obesity 

[63], mental health [64], passive smoking [65], iodine 

deficiency [66], and exercise habits [67], other factors may 

also affect oxidative stress and should be investigated. 

Second, even though we measured stress markers at two 

points, we did not assess long-term outcomes. Third, at the 

end of the program in the test group, oxidative stress was 

measured only 2 h after exercise. Future studies should 

measure the markers at multiple time points after the last 

exercise session. Fourth, the potential physiological 

significance of the findings on oxidative stress should be 

investigated, and the involved molecular pathways should be 

elucidated. Finally, participants were recruited from two 

medical centers in one city in Japan, and all were primiparous 

with singleton pregnancies. Future studies should incorporate 

multigravida to further our understanding of the effects of 

exercise on different pregnancy types. 

The combined aerobic and resistance exercise program 

of this study was comprised of: warming-up of 15 minutes, 

slow training of 5 minutes, resistance exercise of 10 minutes, 

aerobic exercise of 25 minutes, cooling down of 5 minutes. 

The warm-up was intended to raise the temperature of the 

muscle and articular flexibility, enlarging the movable range. 

The slow training was a resistance exercise to increase the 

muscular strength. Cooling down was an exercise intended to 

normalize maternal heart rate. The following five elements are 

considered necessary for health: cardiorespiratory function, 

body system, flexibility, muscular strength, muscular 

endurance [68]. This combined aerobic and resistance 
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exercise program is considered to enhance these five 

elements. 

 In summary, combined aerobic and resistance exercise, 

reaching 40–60% VO2max, three times a week for 10 weeks 

starting from the second trimester of pregnancy decreases 

DNA-derived urinary 8-OHdG and suppresses the lipid-

derived urinary 8-iso-PGF2α level increase in the third 

trimester, raising the possibility that it may reduce oxidative 

stress. Our findings may be useful for nurses and midwives 

who work with pregnant women and counsel them on lifestyle 

modifications. However, the results should be confirmed in 

further investigations.  

Acknowledgments 

This study was supported in part by the Japan Society for 

the Promotion of Science (JSPS KAKENHI) [Grant number: 

25463525 to CM]. The funder had no role in the study design; 

in the collection, analysis and interpretation of data; in the 

writing of the report; or in the decision to submit the article 

for publication. 

The authors would like to thank all the pregnant women 

who cooperated with this study. The authors would also like 

to thank Dr. Yasuhiro Tanaka and all staff involved with this 

study. Editorial support, in the form of medical writing, 

assembling tables and creating high-resolution images based 

on authors’ detailed directions, collating author comments, 

copyediting, fact checking, and referencing, was provided by 

Editage, Cactus Communications. 

Conflict of Interest 

 The authors declare that they have no conflict of 

interest. 

Authors’ contributions 

CM and KA designed the study. CM and KA collected 

the data. CM and KA analyzed the data. CM and KA prepared 

the manuscript. All authors approved the final version for 

submission. All authors meet the authorship criteria and are in 

agreement with the content of the manuscript. 

Ethics and consent 

This study was approved by the Institutional Review 

Board of Tokyo Metropolitan University, Arakawa campus 

(reference number: 15066, 08 December 2015) and Teikyo 

University Ethics Committee (reference number: TUIC-

COI16-0476, 17 August 2016). Written informed consent was 

obtained from all participants. 

References 

1. Myatt L, Cui X (2004) Oxidative stress in the placenta. 

Histochem Cell Biol 122(4): 369-382. 

2. Halliwell B, Gutteridge JM (1986) Oxygen free radicals 

and iron in relation to biology and medicine: some problems 

and concepts. Arch Biochem Biophys Oxford University 

Press, New York 246(2): 501-514. 

3. Kadiiska MB, Gladen BC, Baird DD, et al. (2005) 

Biomarkers of oxidative stress study II: are oxidation products 

of lipids, proteins, and DNA markers of CCl4 poisoning? Free 

Radic Biol Med 38(6): 698-710. 

4. Milne GL, Dai Q,Roberts LJ II (2015) The isoprostanes-25 

years later. Biochim Biophys Acta 1851(4): 433-445.  

5. Morrow JD, Hill KE,Burk RF, et al. (1990) A series of 

prostaglandin F2-like compounds are produced in vivo in 

humans by a non cyclooxygenase, free radical-catalyzed 

mechanism. Proc Natl Acad.Sci.USA 87(23): 9383–9387.  

6. Roberts LJ II.Morrow JD (1997) The generation and 

actions of isoprostanes. Biochim Biophys Acta 1345(2): 121-

135. 

7. Tokuko O, Yutaka T, Kenji K, et al. (2001) Analysis of the 

oxidative stress marker isoplus tongue. J Mass Spectrom.Soc 

Jpn 49: 103-106. 

8. Kazuo S (2017) Pro-oxidative stress evaluation biomarker. 

Food Style 21:80-84. 

9. Ferguson KK, Meeker JD, McElrath TF, et al. (2017) 

Repeated measures of inflammation and oxidative stress 

biomarkers in preeclamptic and normotensive pregnancies. 

Am J Obstet Gynec 216(5): 527. 

10. Venkatesh KK, Meeker JD, Cantonwine DE, et al.  (2019) 

Association of Antenatal Depression with Clinical Subtypes 

of Preterm Birth. Am J Perinatol 36(6): 567-573. 

11. Lin HJ, Chen ST, Wu HY, et al. (2015) Urinary 

biomarkers of oxidative and nitrosative stress and the risk for 

incident stroke: A nested case-control study from a 

community-based cohort. Int J Cardiol 183: 214-220. 

12. Xuan Y, Gào X, Holleczek B, et al. (2018) Prediction of 

myocardial infarction, stroke and cardiovascular mortality 

with urinary biomarkers of oxidative stress: Results from a 

large cohort study. Int J Cardiol 273: 223-229. 

13.  Di Minno A, Turnu L, Porro B, et al. (2017) 8-Hydroxy-

2-deoxyguanosine levels and heart failure: A systematic 

review and metaanalysis of the literature. Nutr Metab 

Cardiovasc Dis 27(3): 201-208. 

14.  Susa T, Kobayashi S, Tanaka T, et al. (2012) Urinary 8-

hydroxy-2'-deoxyguanosine as a novel biomarker for 

predicting cardiac events and evaluating the effectiveness of 

carvedilol treatment in patients with chronic systolic heart 

failure. Circ J 76(1): 117-126 . 

15. Nagayoshi Y, Kawano H, Hokamaki J, et al. (2005) 

Urinary 8-hydroxy-2'-deoxyguanosine levels increase after 

reperfusion in acute myocardial infarction and may predict 

subsequent cardiac events. Am J Cardiol 95(4): 514-517. 

16. Chen YC, Chen CM, Liu JL, et al. (2011) Oxidative 

markers in spontaneous intracerebral hemorrhage: leukocyte 

8-hydroxy-2′-deoxyguanosine as an independent predictor of 

the 30-day outcome. J Neurosurg 115(6): 1184-1190. 

17. Kroese LJ, Scheffer PG (2014) 8-hydroxy-2′-

deoxyguanosine and cardiovascular disease: A systematic 

review. Curr Atheroscler Rep 16(11): 452.  

18. Wu LL, Chiou CC, Chang PY, et al. (2004) Urinary 8-

OHdG: a marker of oxidative stress to DNA and a risk factor 

for cancer, atherosclerosis and diabetics. Clin Chim Acta 

339(1): 1-9. 

https://doi.org/10.61545/ABR-4-122
https://doi.org/10.1007/s00418-004-0677-x
https://doi.org/10.1007/s00418-004-0677-x
https://doi.org/10.1016/0003-9861(86)90305-x
https://doi.org/10.1016/0003-9861(86)90305-x
https://doi.org/10.1016/0003-9861(86)90305-x
https://doi.org/10.1016/0003-9861(86)90305-x
https://doi.org/10.1016/j.freeradbiomed.2004.09.017
https://doi.org/10.1016/j.freeradbiomed.2004.09.017
https://doi.org/10.1016/j.freeradbiomed.2004.09.017
https://doi.org/10.1016/j.freeradbiomed.2004.09.017
https://doi.org/10.1016/j.bbalip.2014.10.007
https://doi.org/10.1016/j.bbalip.2014.10.007
https://dx.doi.org/10.1073%2Fpnas.87.23.9383
https://dx.doi.org/10.1073%2Fpnas.87.23.9383
https://dx.doi.org/10.1073%2Fpnas.87.23.9383
https://dx.doi.org/10.1073%2Fpnas.87.23.9383
https://doi.org/10.1016/s0005-2760(96)00162-2
https://doi.org/10.1016/s0005-2760(96)00162-2
https://doi.org/10.1016/s0005-2760(96)00162-2
https://doi.org/10.1016/j.ajog.2016.12.174
https://doi.org/10.1016/j.ajog.2016.12.174
https://doi.org/10.1016/j.ajog.2016.12.174
https://doi.org/10.1016/j.ajog.2016.12.174
https://doi.org/10.1055/s-0038-1675646
https://doi.org/10.1055/s-0038-1675646
https://doi.org/10.1055/s-0038-1675646
https://doi.org/10.1016/j.ijcard.2015.01.043
https://doi.org/10.1016/j.ijcard.2015.01.043
https://doi.org/10.1016/j.ijcard.2015.01.043
https://doi.org/10.1016/j.ijcard.2015.01.043
https://doi.org/10.1016/j.ijcard.2018.08.002
https://doi.org/10.1016/j.ijcard.2018.08.002
https://doi.org/10.1016/j.ijcard.2018.08.002
https://doi.org/10.1016/j.ijcard.2018.08.002
https://doi.org/10.1016/j.numecd.2016.10.009
https://doi.org/10.1016/j.numecd.2016.10.009
https://doi.org/10.1016/j.numecd.2016.10.009
https://doi.org/10.1016/j.numecd.2016.10.009
https://doi.org/10.1253/circj.cj-11-0537
https://doi.org/10.1253/circj.cj-11-0537
https://doi.org/10.1253/circj.cj-11-0537
https://doi.org/10.1253/circj.cj-11-0537
https://doi.org/10.1253/circj.cj-11-0537
https://doi.org/10.1016/j.amjcard.2004.09.062
https://doi.org/10.1016/j.amjcard.2004.09.062
https://doi.org/10.1016/j.amjcard.2004.09.062
https://doi.org/10.1016/j.amjcard.2004.09.062
https://doi.org/10.3171/2011.7.jns11718
https://doi.org/10.3171/2011.7.jns11718
https://doi.org/10.3171/2011.7.jns11718
https://doi.org/10.3171/2011.7.jns11718
https://doi.org/10.1007/s11883-014-0452-y
https://doi.org/10.1007/s11883-014-0452-y
https://doi.org/10.1007/s11883-014-0452-y
https://doi.org/10.1016/j.cccn.2003.09.010
https://doi.org/10.1016/j.cccn.2003.09.010
https://doi.org/10.1016/j.cccn.2003.09.010
https://doi.org/10.1016/j.cccn.2003.09.010


Mochizuki C, Adachi K (2022) The Effect of Aerobic and Resistance Exercise on Oxidative Stress during Pregnancy: A 

Non-randomized Controlled Trial. Ann Biomed Res 4: 122. 

  DOI: 10.61545/ABR-4-122                                    Ann Biomed Res                                                          Vol 4(1): 1-9 
 

19. Qiu C, Hevner K, Abetew D, et al. (2011) Oxidative DNA 

damage in early pregnancy and risk of gestational diabetes 

mellitus: A pilot study. Clin Biochem 44(10-11): 804-808.  

20. Ahmadimanesh M, Abbaszadegan MR, Morshedi RD, et 

al. (2019) Effects of selective serotonin reuptake inhibitors on 

DNA damage in patients with depression. J Psychopharmacol 

33(11): 1364-1376. 

21. Leeuwenburgh C, Heinecke, JW (2001) Oxidative stress 

and antioxidants in exercise. Curr Med Chem 8(7): 829-838. 

22. Bloomer RJ (2008) Effect of exercise on oxidative stress 

biomarkers. Adv Clin Chem 46: 1-50. 

23. Qian G, Xue K, Tang L, et al. (2012) Mitigation of 

Oxidative Damage by Green Tea Polyphenols and Tai Chi 

Exercise in Postmenopausal Women with Osteopenia. PLoS 

One 7(10): e48090. 

24. Gargallo P, Colado JC, Juesas A, et al. (2018) The effect 

of moderate- versus high-intensity resistance training on 

systemic redox state and DNA damage in healthy older 

women. Biol Res Nurs 20(2): 205-217. 

25. Magro-Malosso ER, Saccone G, Di Tommaso M, et al. 

(2017) Exercise during pregnancy and risk of gestational 

hypertensive disorders: A systematic review and meta-

analysis. Acta Obst Gyn Scand 96(8): 921-931. 

26. Davenport MH, Ruchat SM, Poitras VJ, et al. (2018) 

Prenatal exercise for the prevention of gestational diabetes 

mellitus and hypertensive disorders of pregnancy: A 

systematic review and meta-analysis. Br J Sports Med 52(21): 

1367-1375. 

27. Nakamura A, van der Waerden J, Melchior M, et al. 

(2019) Physical activity during pregnancy and postpartum 

depression: Systematic review and meta-analysis. J Affect 

Disord 246: 29-41. 

28. Ruiz JR, Perales M, Pelaez M, et al. (2013) Supervised 

exercise-based intervention to prevent excessive gestational 

weight gain: A randomized controlled trial. Mayo Clin Proc 

88(12): 1388-1397.  

29. Ono K (2007) Ninshinchu no kasha fushu keigen e no 

mataniteli bikusu no yukousei [Efficacy of maternitybics for 

lowering gestational lower limb oedema]. Journal of 

Nursing/Health Science Research 7: 149-154. 

30. Daniel JA, Venkateswarlu K, Ezeugwu CC (2015) Effect 

of aerobic dance exercise on blood pressure of normotensive 

pregnant women diagnosed with gestational diabetes at 

federal medical centre, Owerri, South East Nigeria. Indian J 

Physiother Occup Ther 9: 124-128.  

31. Navas A, Artigues C, Leiva A, et al. (2018) Effectiveness 

and safety of moderate-intensity aerobic water exercise during 

pregnancy for reducing use of epidural analgesia during labor: 

protocol for a randomized clinical trial. BMC Pregnancy 

Childbirth 18: 94.  

32. Ramírez-Vélez R, Lobelo F, Aguilar-de Plata AC, et al. 

(2017) Exercise during pregnancy on maternal lipids: A 

secondary analysis of randomized controlled trial. BMC 

Pregnancy and Childbirth 17: 396. 

33. Honda K, Takada M, Niihara T, et al. (2015) Matanitii 

spotsu ga ninpu no shussan ni taisuru jiko kouryokukan ni 

oyobosu eikyou--Mataniti spo-tsu jisshi zengo no anke-to 

chousa wo toushite [Effects of maternity sports on a pregnant 

woman's self-efficacy for labour from a questionnaire survey 

before and after maternity sports]. Kumamoto Journal of 

Maternal Health 18: 5-9. 

34. Yang CL, Chen CH (2018) Effectiveness of aerobic 

gymnastic exercise on stress, fatigue, and sleep quality during 

postpartum: A pilot randomized controlled trial. Int J Nurs 

Stud 77: 1-7.  

35. Pescatello LS, Arena R, Riebe D, et al. (2014) ACSM's 

Guideliness for Exercise Testing and Prescription, (9th edn.) 

Wolters Kluwer Lippincott Willams & Wilkins, Philadelphia, 

pp: 194-200. 

36. American College of Sports Medicine (2018) ACSM's 

Guidelines for Exercise Testing and Prescription. Philadelpia: 

Nankodo Co Ltd. 

37. American College of Sports Medicine (1995) ACSM's 

Guidelines to Exercise Testing and Exercise Prescription, (5th 

edn.) Williams & Wilkins, Pennsylvania. 

38. Nojima H, Watanabe H, Yamane K, et al. (2008) Effect of 

aerobic exercise training on oxidative stress in patients with 

type 2 diabetes mellitus. Metabolism 57(2): 170-176. 

39. Kihara M, Kihara M (2009) Design third edition of the 

medical study, epidemiological approach to raise the quality 

of the study. Medical Science International. 

40. Tanaka Y (2012) Mataniti bikusu tekisuto bukku 

[Maternitybics textbook]. Maternity Fitness Association. 

41. Murase N, Katsumura T, Ueda C, et al. (2002) Shintai 

katsudou ryou no kokusai hyoujunka IPAQ Nihongo ban no 

shinrai sei, datousei no hyouka. Kousei no shihyou [Validity 

and reliability of the Japanese version of the International 

Physical Activity Questionnaire]. Japanese J Phys Fit Sports 

Med 49: 1-9. 

42. Goldberg DP, Nakagawa Y, Daibou I (1985) The General 

Health Questionnaire. Nihon Bunka Kagakusha Co Ltd. 

43. Boyd RC, Le HN, Somberg R (2005) Review of screening 

instruments for postpartum depression. Arch Womens Ment 

Health 8(3): 141-153.  

44. Robergs RA, Landwehr R (2002) The surprising history of 

"Hrmax = 220-age" equation. J Exerc Physiol 5: 1-10. 

45. Subash P, Gurumurthy P, Sarasabharathi, et al. (2010) 

Urinary 8-OHdG: A marker of oxidative stress to DNA and 

total antioxidant status in essential hypertension with South 

Indian population. Indian J Clin Biochem 25(2): 127-132.  

46. Abusoglu S, Celik HT, Tutkun E, et al. (2014) 8-

hydroxydeoxyguanosine as a useful marker for determining 

the severity of trichloroethylene exposure. Arch Environ 

Occup Health 69(3): 180-186. 

47. Sakano N, Wang DH, Takahashi N, et al. (2009) 

Oxidative stress biomarkers and lifestyles in japanese healthy 

people. J Clin Biochem Nutr 44(2): 185-195.  

48. Cracowski JL, Stanke-Labeque F, Bessard G (2000) 

IsoProstanes. New markers of oxidative stress. Fundamental 

and clinical aspects. Rev Med Interne 21(3): 304-307. 

49. Liu J, Liang Q, Frost-Pineda K, et al. (2011) Relationship 

between biomarkers of cigarette smoke exposure and 

biomarkers of inflammation, oxidative stress, and platelet 

activation in adult cigarette smokers. Cancer Epidemiol 

Biomarkers Prev 20(8): 1760-1769. 

50. Frost-Pineda K, Liang Q, et al. (2011) Biomarkers of 

potential harm among adult smokers and nonsmokers in the 

total exposure study. Nicotine Tob Res 13(3): 182-193.  

https://doi.org/10.61545/ABR-4-122
https://doi.org/10.1016/j.clinbiochem.2011.04.023
https://doi.org/10.1016/j.clinbiochem.2011.04.023
https://doi.org/10.1016/j.clinbiochem.2011.04.023
https://doi.org/10.1177/0269881119874461
https://doi.org/10.1177/0269881119874461
https://doi.org/10.1177/0269881119874461
https://doi.org/10.1177/0269881119874461
https://doi.org/10.2174/0929867013372896
https://doi.org/10.2174/0929867013372896
https://doi.org/10.1016/s0065-2423(08)00401-0
https://doi.org/10.1016/s0065-2423(08)00401-0
https://doi.org/10.1371/journal.pone.0048090
https://doi.org/10.1371/journal.pone.0048090
https://doi.org/10.1371/journal.pone.0048090
https://doi.org/10.1371/journal.pone.0048090
https://doi.org/10.1177/1099800417753877
https://doi.org/10.1177/1099800417753877
https://doi.org/10.1177/1099800417753877
https://doi.org/10.1177/1099800417753877
https://doi.org/10.1111/aogs.13151
https://doi.org/10.1111/aogs.13151
https://doi.org/10.1111/aogs.13151
https://doi.org/10.1111/aogs.13151
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1136/bjsports-2018-099355
https://doi.org/10.1016/j.jad.2018.12.009
https://doi.org/10.1016/j.jad.2018.12.009
https://doi.org/10.1016/j.jad.2018.12.009
https://doi.org/10.1016/j.jad.2018.12.009
https://doi.org/10.1016/j.mayocp.2013.07.020
https://doi.org/10.1016/j.mayocp.2013.07.020
https://doi.org/10.1016/j.mayocp.2013.07.020
https://doi.org/10.1016/j.mayocp.2013.07.020
http://dx.doi.org/10.30918/IRJMMS.71.19.013
http://dx.doi.org/10.30918/IRJMMS.71.19.013
http://dx.doi.org/10.30918/IRJMMS.71.19.013
http://dx.doi.org/10.30918/IRJMMS.71.19.013
http://dx.doi.org/10.30918/IRJMMS.71.19.013
https://doi.org/10.1186/s12884-018-1715-3
https://doi.org/10.1186/s12884-018-1715-3
https://doi.org/10.1186/s12884-018-1715-3
https://doi.org/10.1186/s12884-018-1715-3
https://doi.org/10.1186/s12884-018-1715-3
https://dx.doi.org/10.1186%2Fs12884-017-1571-6
https://dx.doi.org/10.1186%2Fs12884-017-1571-6
https://dx.doi.org/10.1186%2Fs12884-017-1571-6
https://dx.doi.org/10.1186%2Fs12884-017-1571-6
https://doi.org/10.1016/j.ijnurstu.2017.09.009
https://doi.org/10.1016/j.ijnurstu.2017.09.009
https://doi.org/10.1016/j.ijnurstu.2017.09.009
https://doi.org/10.1016/j.ijnurstu.2017.09.009
https://doi.org/10.1016/j.metabol.2007.08.021
https://doi.org/10.1016/j.metabol.2007.08.021
https://doi.org/10.1016/j.metabol.2007.08.021
https://doi.org/10.1007/s00737-005-0096-6
https://doi.org/10.1007/s00737-005-0096-6
https://doi.org/10.1007/s00737-005-0096-6
https://doi.org/10.1007/s12291-010-0024-z
https://doi.org/10.1007/s12291-010-0024-z
https://doi.org/10.1007/s12291-010-0024-z
https://doi.org/10.1007/s12291-010-0024-z
https://doi.org/10.1080/19338244.2013.763761
https://doi.org/10.1080/19338244.2013.763761
https://doi.org/10.1080/19338244.2013.763761
https://doi.org/10.1080/19338244.2013.763761
https://dx.doi.org/10.3164%2Fjcbn.08-252
https://dx.doi.org/10.3164%2Fjcbn.08-252
https://dx.doi.org/10.3164%2Fjcbn.08-252
https://doi.org/10.1016/s0248-8663(00)80056-9
https://doi.org/10.1016/s0248-8663(00)80056-9
https://doi.org/10.1016/s0248-8663(00)80056-9
https://doi.org/10.1158/1055-9965.epi-10-0987
https://doi.org/10.1158/1055-9965.epi-10-0987
https://doi.org/10.1158/1055-9965.epi-10-0987
https://doi.org/10.1158/1055-9965.epi-10-0987
https://doi.org/10.1158/1055-9965.epi-10-0987
https://doi.org/10.1093/ntr/ntq235
https://doi.org/10.1093/ntr/ntq235
https://doi.org/10.1093/ntr/ntq235


Mochizuki C, Adachi K (2022) The Effect of Aerobic and Resistance Exercise on Oxidative Stress during Pregnancy: A 

Non-randomized Controlled Trial. Ann Biomed Res 4: 122. 

  DOI: 10.61545/ABR-4-122                                    Ann Biomed Res                                                          Vol 4(1): 1-9 
 

51. Katsuta S, Soya H (2017) Undouseiri gaku niju kkou dai 

san ban [20 lectures in exercise physiology Version 3]. 

Tokyo-city: Asakura Publishing Co Ltd. 

52. Sugimoto E, Fushimi T (2002) Exercise physiology, 

Tokyo-city: Koseikan. 

53. Lovlin R, Cottle W, Pyke I, et al. (1987) Are indices of 

free radical damage related to exercise intensity. Eur J Appl 

Physiol Occup Physiol 56(3): 313-316.  

54. American College of sports medicine (2011) Guideline of 

the prescription. Tokyo- city: Nanko udo. 

55. Shigeta K (2017) Mansei jinzoubyou ni taisuru undou 

ryouhou no saizensen [Front line of exercise therapy for 

chronic renal disease]. J Jpn Phys Ther Assoc 2017; 42: 158-

165. 

56. Yarasheski KE, Zachwieja JJ, Bier DM (1993) Acute 

effects of resistance exercise on muscle protein synthesis rate 

in young and elderly men and women. Am J Physiol 265(2): 

E210-E214.  

57. Phillips SM, Tipton KD, Aarsland A, et al. (1997) Mixed 

muscle protein synthesis and breakdown after resistance 

exercise in humans. Am J Physiol 273(1): E99-E107.  

58. Fell DB, Joseph KS, Armson BA, et al. (2009) The impact 

of pregnancy on physical activity level. Matern Child Health J 

13(5): 597-603. 

59.  Hegaard HK, Damm P, Hedegaard M, et al. (2011) Sports 

and leisure time physical activity during pregnancy in 

nulliparous women. Matern Child Health J 15(6): 806-813. 

60. Chen CY, Jhou YT, Lee HL, et al. (2016) Simultaneous, 

rapid, and sensitive quantification of 8-hydroxy-2'-

deoxyguanosine and cotinine in human urine by on-line solid-

phase extraction LC-MS/MS: correlation with tobacco 

exposure biomarkers NNAL. Anal Bioanal Chem 408(23): 

6295-6306.  

61. Toescu V, Nuttall SL, Ｍartin U, et al. (2004) Changes in 

plasma lipids and markers of oxidative stress in normal 

pregnancy and pregnancies complicated by diabetes. Clin Sci 

(Lond) 106(1): 93–98. 

62. Field T (2012) Prenatal exercise research. Infant Behav 

Dev 35(3): 397-407. 

63. Loy SL, Sirajudeen KN, JM HJ (2013) Increase in 

maternal adiposity and poor lipid profile is associated with 

oxidative stress markers during pregnancy. Prev Med 57: S41-

S44.  

64. Anan A, Ree G, Tuji M, Cho I, et al. (2017) Status of 

pregnant women's mental and physical stress and influences 

of work. JJOMT 65: 201-210. 

65. Argalasova L, Zitnanova I, Vondrova D, et al. (2019) 

Self-Reported Exposure to ETS (Environmental Tobacco 

Smoke), Urinary Cotinine, and Oxidative Stress Parameters in 

Pregnant Women-The Pilot Study. Int J Environ Res Public 

Health 16(9): 1656.  

66. Vidal ZE, Rufino SC, Tlaxcalteco EH, et al. (2014) 

Oxidative stress increased in pregnant women with iodine 

deficiency. Biol Trace Elem Res 157(3): 211-217. 

67. Matsuzaki M, Haruna M, Ota E, et al. (2014) Effects of 

lifestyle factors on urinary oxidative stress and serum 

antioxidant markers in pregnant Japanese women: A cohort 

study. Biosci Trends 8(3): 176-184.  

68. American College of Sports Medicine (2010) For 

measurement and evaluation - significant inflection of the 

physical strength about ACSM health. Tokyo- city: Ichimura. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Corresponding author: Chikako Mochizuki, MD, Graduate 

Midwifery Course, Teikyo University, 2-11-1 Kaga, Itabashi, 

Tokyo 173-8605, Japan, Tel: +81-3-3964-1211(41611); 

Email: mchikako@med.teikyo-u.ac.jp 
 

Received date: February 24, 2022; Accepted date: March 

15; Published date: March 21, 2022 

 

Citation: Mochizuki C, Adachi K (2022) The Effect of 

Aerobic and Resistance Exercise on Oxidative Stress during 

Pregnancy: A Non-randomized Controlled Trial. Ann Biomed 

Res 4(1): 122. 

 

Copyright: Mochizuki C, Adachi K (2022) The Effect of 

Aerobic and Resistance Exercise on Oxidative Stress during 

Pregnancy: A Non-randomized Controlled Trial. Ann Biomed 

Res 4(1): 122. 

https://doi.org/10.61545/ABR-4-122
https://doi.org/10.1007/bf00690898
https://doi.org/10.1007/bf00690898
https://doi.org/10.1007/bf00690898
https://doi.org/10.1152/ajpendo.1993.265.2.e210
https://doi.org/10.1152/ajpendo.1993.265.2.e210
https://doi.org/10.1152/ajpendo.1993.265.2.e210
https://doi.org/10.1152/ajpendo.1993.265.2.e210
https://doi.org/10.1152/ajpendo.1997.273.1.e99
https://doi.org/10.1152/ajpendo.1997.273.1.e99
https://doi.org/10.1152/ajpendo.1997.273.1.e99
https://doi.org/10.1007/s10995-008-0404-7
https://doi.org/10.1007/s10995-008-0404-7
https://doi.org/10.1007/s10995-008-0404-7
https://doi.org/10.1007/s10995-010-0647-y
https://doi.org/10.1007/s10995-010-0647-y
https://doi.org/10.1007/s10995-010-0647-y
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1007/s00216-016-9741-3
https://doi.org/10.1042/cs20030175
https://doi.org/10.1042/cs20030175
https://doi.org/10.1042/cs20030175
https://doi.org/10.1042/cs20030175
https://doi.org/10.1016/j.infbeh.2011.10.001
https://doi.org/10.1016/j.infbeh.2011.10.001
https://doi.org/10.1016/j.ypmed.2012.11.021
https://doi.org/10.1016/j.ypmed.2012.11.021
https://doi.org/10.1016/j.ypmed.2012.11.021
https://doi.org/10.1016/j.ypmed.2012.11.021
https://doi.org/10.3390/ijerph16091656
https://doi.org/10.3390/ijerph16091656
https://doi.org/10.3390/ijerph16091656
https://doi.org/10.3390/ijerph16091656
https://doi.org/10.3390/ijerph16091656
https://doi.org/10.1007/s12011-014-9898-6
https://doi.org/10.1007/s12011-014-9898-6
https://doi.org/10.1007/s12011-014-9898-6
https://doi.org/10.5582/bst.2014.01014
https://doi.org/10.5582/bst.2014.01014
https://doi.org/10.5582/bst.2014.01014
https://doi.org/10.5582/bst.2014.01014
mailto:mchikako@med.teikyo-u.ac.jp

