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Objective: The oxidative balance score (OBS) is important for determining the
cause of obesity and its complications. We aimed to evaluate the association
between OBS and obesity and other segmental body composition parameters
among young and middle-aged U.S. adults.

Methods: 9,998 participants from the National Health and Nutrition Examination
Survey 2011-2018 were included. Lean mass percentage (LM%) and FM% were
evaluated by dual-energy x-ray absorptiometry. Obesity was defined as body
FM% >25% in men and > 35% in women. The OBS was scored by 5 pro-oxidant
and 21 antioxidant factors. Associations of quartiles of OBS with obesity risk
were estimated using multivariable logistic regression models. Multivariable
linear regression was conducted to estimate the association between OBS and
segmental body composition measures including the arm LM%, leg LM%, torso
LM%, whole LM%, arm FM%, leg FM%, torso FM% and total FM%.

Results: Compared to participants in the lowest quartile of OBS, those in the
highest quartile of OBS were associated with a lower risk of BMI-defined obesity
BMI-defined obesity [0.43 (0.36, 0.50)] and FM%-related obesity [0.43 (0.35, 0.52)].
Additionally, OBS was negatively associated with FM% of the limb and torso but
positively associated with the percentage of lean mass (LM%) of the limb and trunk.

Conclusion: OBS was negatively associated with the risk of obesity and segmental
FM%, but was positively associated with segmental LM% among US adults,
indicating that adhering to an anti-oxidative diet and lifestyle management may
be beneficial for preventing segmental obesity.

KEYWORDS

oxidative balance, obesity, body composition, fat mass, lean mass

1 Introduction

Obesity, defined as the physically excessive accumulation of body fat (1), has become a
major health problem worldwide. The World Health Organization (WHO) standardized body
mass index (BMI) over 30kg/m” in Caucasians as an index of obesity irrespective of age and
sex (2). In adult life, however, body composition slowly changes with age, including the
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degeneration of lean mass and the accumulation of fat tissue (3, 4).
Notably, alterations in body composition sometimes may not
be accompanied by significant changes in BMI (5). In this context,
using BMI alone cannot discriminate individuals with normal weight
obesity (NWO), also called occult obesity, from individuals without
obesity. A growing number of studies have linked NWO with
increased risk of metabolic syndrome (MetS), cardiac morbidity and
mortality (6, 7). Therefore, accurate determination of real obesity
is vital.

Segmental body composition may help clinicians better
distinguishing lean mass from adipose tissue in individual regions (8)
and help to define the clinical status of individuals with obesity rather
than BMI (9), which has been of interest to clinicians in recent years.
Empirical data suggest that lean mass percentage (LM %) is negatively
associated with the risk of hypertension (10), diabetes (11), and
hypercholesterolemia (12). Given this, when managing our figure, not
only should we focus on body weight and BMI but also body
composition in different segments.

In addition to a state of positive energy balance, oxidative stress is
another vital factor contributing to adipogenesis and lipogenesis in the
development of obesity (13, 14). Oxidative stress is a complex process
results from the imbalance between protective substances produced
by antioxidants and reactive oxygen species produced by pro-oxidants
(15), and it is closely related to human diseases, including
cardiovascular disease, cancer, and aging (16-18). Due to its
significant impact on overall health, evaluating the oxidative balance
in individuals is crucial now and in the future. By monitoring
oxidative stress status, healthcare professionals can take proactive
steps, through a combination of healthy lifestyle and dietary choices,
to maintain individuals’ health and well-being, ultimately promoting
longevity, improving quality of life.

Lifestyle and dietary intervention exert important effects on the
cellular redox status. Mounting evidence has shown that drinking
(19), smoking (20) and excessive iron (21) accelerate oxidative stress,
while higher consumption of certain nutrients, such as vitamin C (22),
vitamin D (23), vitamin E (24), selenium (25), zinc (26), calcium (27)
and magnesium (28) protects against oxidative stress related cellular
damage. Nevertheless, it is hard to truly reflect the body’s oxidative
levels. The oxidative balance score (OBS) was developed for
quantifying the physical oxidative stress burden of dietary and lifestyle
pro-oxidants and antioxidant factors (16). In general, a higher OBS
indicates that antioxidant factors are more dominant than
pro-oxidants (29), and OBS was shown to be associated with oxidative
stress (30, 31) in previous National Health and Nutrition Examination
Survey (NHANES) studies.

However, based on prior studies, there is still on consistent
conclusions on the association between OBS and the risk obesity (32,
33). Zahra Noruzi et al's study showed no significant relationship
between OBS and MetS in Iranian (32), while another study revealed
that participants in the highest quartile of OBS were less likely to be at
risk for MetS than those in the lowest quartile (33). In addition, Yeo
et al. (34) reported that Korean individuals with higher OBS had a
significantly smaller neck circumference (NC), which was associated
with central obesity in the general population (35). Wang et al. (36)
reported that higher OBS was significantly correlated with lower risks
of abdominal obesity and visceral fat accumulation. Nevertheless,
studies about segmental fat mass and lean mass percentage were
relatively rare. Notably, single parameters such as waist circumference
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(WC) and NC cannot reflect specific segmental or local obesity
statuses. To further clarify the association between OBS and segmental
obesity, we further evaluated fat mass and lean mass percentage in
individual regions.

The aim of the present study was to evaluate the relationship
between OBS and obesity as well as other segmental body composition
parameters using data from the NHANES. We hypothesize that there
may be a potential negative relationship between OBS and the risk of
obesity and FM%, while positive with LM%.

2 Materials and methods
2.1 Study population

The subjects of this cross-sectional study were from the NHANES
2011-2018 database. The NHANES is designed to assess the
nutritional and health status of the noninstitutionalized population in
U.S., and is conducted every 2 years. In every cycle, approximately
5,000 people were selected by a complex multistage sampling strategy,
and all participants completed structured questionnaires at home and
underwent physical examination at a mobile examination center
(MEC). All procedures were approved by the National Center for
Health Statistics, and an informed consent form was signed by each
subject. All participants signed a written informed consent form.

2.2 Oxidative balance score calculation

Both dietary and lifestyle antioxidant/prooxidant factors
contributed to OBS (37). The dietary intake information was obtained
via 24-h dietary recall interviews at the mobile examination center
(MECQC). The dietary intake data are used to estimate the types and
amounts of foods and beverages consumed during the 24-h period
prior to the interview, and to estimate intakes of energy, nutrients, and
other food components. In this study, the lifestyle factors associated
with OBS included alcohol intake, smoking status, BMI, and physical
activity. Participants were categorized according to sex-specific tertiles
of energy-adjusted dietary nutrients. Alcohol intake was obtained
from the 24-h dietary recall interviews. Nondrinkers, nonheavy
drinkers (0 to 30 g/d for males and 0 to 15 g/d for females), and heavy
drinkers (>30g/d for males and > 15 g/d for females) received 2, 1, or
0 points, respectively. To simultaneously assess passive smoking, the
serum concentration of cotinine was used to assess smoking status.
BMI was calculated as weight (kg)/height squared (m?). Participants
were categorized into inactive group (no leisure-time physical
activity), insufficiently active group (leisure-time moderate activity
1-5 times per week or leisure-time vigorous activity 1-3 times per
week) and active group (those who had more leisure-time moderate
or vigorous activity than above) as previously reported (38) and these
three groups received 0, 1, and 2 points, respectively.

The pro-oxidants consisted of total fat and iron intake, alcohol
consumption, and BMI. The antioxidants included dietary fiber,
a-carotene, -carotene, B-cryptoxanthin, lycopene, lutein+zeaxanthin,
riboflavin, niacin, vitamin B6, total folate, vitamin B12, vitamin C,
vitamin E, calcium, magnesium, zinc, copper, selenium, vitamin D
and physical activity. Finally, the 5 priori defined pro-oxidant and 20
antioxidant factors were equally weighted to construct the OBS. Except
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for physical activity and alcohol intake, other antioxidants were
assigned 0, 1 or 2 points for tertile 1, tertile 2 or tertile 3, respectively,
whereas pro-oxidants were reverse scored (Supplementary Table S1).

2.3 Outcome

DXA scans were performed on a Hologic QDR 4500 fan beam
densitometer (Hologic, Inc., Bedford, MA) according to the
manufacture’s guidelines. DXA was administered by trained and
certified radiology technologists, and an expert review was conducted.
Available data were used to calculate the percentage of total and
regional fat mass and lean mass. The LM% was equal to the lean mass
(the sum of nonbone and nonfat mass) of the left arm divided by the
total weight of the left arm. The FM% was calculated as the fat mass of
the left arm divided by the total weight of the left arm. The LM% and
FM% of the other segments were calculated with reference to the left
arm. According to our preliminary analysis, the limb LM% and FM%
on the left and right went hand in hand (Supplementary Figure S1),
so the average of LM% and FM% of the limbs were calculated.
We focused on the arm LM%, arm FM%, leg LM%, leg FM %, trunk
LM%, trunk FM%, total LM% and total FM%. Based on the guideline
of the American Association of Clinical Endocrinologists and the
American College of Endocrinology, an FM% >25% for men or an
FM% >35% for women was defined as obesity (39-42). BMI (in kg/
m?) >30 was defined as obesity, calculated as weight (kg) divided by
height (m)? (43).

2.4 Covariates

Demographics information, including age, sex, race, education,
and the ratio of family income to poverty (PIR) was collected. The race
was classified as non-Hispanic White, non-Hispanic Black, Mexican
American and other. Education level was classified as less than high
school, high school or equivalent and college or above. PIR was
calculated by dividing family (or individual) income by the poverty
guidelines specific to the survey year, and was classified into three
categories: <1.3, 1.3-3.5, and > 3.5 based on previous guidelines (44).
Self-reported diseases, including hypertension and diabetes, were also
included as covariates. The missing data for PIR, hypertension, and
diabetes were coded as “unknown”

2.5 Statistical analysis

Continuous variables are presented as the mean with standard
error, and categorical variables are presented as weighted percentages.
Differences in OBS quartiles were compared by using the weighted
chi-square test. Weighted variance analysis was used for continuous
variables. Weighted multivariate logistic regression was performed to
estimate the independent relationship between OBS and the risk of
FM%-defined obesity. Weighted multivariable linear regression
analysis was conducted to investigate the associations between OBS
and segmental LM% and FM%. Odds ratios (ORs) or p estimates with
95% confidence intervals (95% Cls) were calculated. In Model 1, no
covariates were adjusted. Model 2 was adjusted for age (continuous),
sex (male, female), race (non-Hispanic White, Black, Mexican
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American, Hispanic, and other ethnicity), education level (less than
high school, high school, more than high school, or missing) and PIR
(<1.3,1.3-3.5, >3.5 or missing). Model 3 was adjusted for Model 2 plus
hypertension (yes, no, or missing), diabetes (yes, no, or missing) and
energy intake (continuous).

In addition, weighted restricted cubic spline analyses (RCS) with
four knots were conducted to explore the dose-response relationship
between OBS and the risk of FM% defined obesity as well as
segmental body composition parameters. Age, gender, race,
education level, family poverty income ratio, diabetes, hypertension
and energy intake were adjusted as covariates. In the exploratory
analyses, subgroup analyses by age, sex, race, PIR, education level and
energy intake were performed. Sensitivity analyses by restricted the
analysis to participants with the data of C-reactive protein (CRP) data
were conducted. All analyses were performed using EmpowerStats
2.0 and R version 3.6.2; a p-value <0.05 with a two-sided test was
considered to indicate statistical significance.

3 Results
3.1 Baseline characteristics

Participants aged 18 to 59 years who completed the DXA
examinations between 2011 and 2018 were included. We excluded
pregnancy, individuals who weighed more than 450 pounds or taller
than 6’5” and other cases whose DXA examination were invalid.
Individuals were also excluded for missing any data on the OBS
components (Supplementary Table S1). Finally, 9,998 participants
were enrolled. The flowchart is shown in Figure 1.

The baseline characteristics of the individuals based on quartiles
of the OBS are shown in Table 1. Age, sex, race/ethnicity, family PIR,
education level, hypertension status, energy intake, as well as
segmental FM% and LM% were significantly different between the
OBS quartiles (all p <0.001). Participants in higher OBS quartiles were
older and had a higher education level and incomes, but a lower
energy intake. In addition, participants in higher OBS quartiles tended
to have a lower incidence of FM%-defined obesity (Q1:74.20%, Q2:
69.78%, Q3: 66.60%, Q4: 62.20%, p trend <0.001) and BMI-defined
obesity (Q1:43.47%, Q2: 36.72%, Q3: 34.50%, Q4: 25.39%, p trend
<0.001) than those in the lowest quartile. Compared with those in Q1,
participants in higher quartiles had higher segmental LM% while a
lower FM% (all p<0.001).

3.2 Associations between OBS and the risk
of obesity

The associations between OBS and the risk of obesity are shown
in Table 2. Each 1-SD increase in the OBS was associated with a 29%
lower OR of BMI-defined obesity (OR=0.71, 95% CI=0.66, 0.76;
p<0.001) in the fully adjusted model. Compared to those in the lowest
quartile of OBS (Q1), participants in the highest quartile of OBS (Q4)
had a 57% lower risk of BMI-defined obesity (OR=0.43, 95%
CI=0.36, 0.50; p trend <0.001).

According to the multivariate model, per 1-SD increase in the
OBS was associated with a 29% lower OR of FM%-defined obesity
(OR=0.71, 95% CI=0.66, 0.76; p<0.001). Compared to those in the
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FIGURE 1

The flowchart of the sample selection.

lowest quartile of OBS (Q1), participants in the highest quartile of
OBS (Q4) had a 57% lower risk of FM%-defined obesity (OR=0.43,
95% CI=0.35, 0.52; p trend <0.001).

Additionally, as shown in Figure 2, RCS analysis revealed a
significant negative relationship between OBS and the risk of
BMI-defined obesity and FM% defined obesity (p overall <0.001).

3.3 Associations between OBS and
segmental body composition parameters

Overall, we observed a significant negative association between
OBS and segmental FM% and a positive between OBS and LM%
(Figure 3). As shown in Table 3, the multivariable linear regression
model showed that each 1-SD increase in OBS was negatively
associated with segmental FM %, with f estimates (95% Cls) of —1.07
(—=1.27, —0.86), —0.86 (1.04, —0.68), —1.32 (—1.52, —1.12), and — 1.06
(—1.23, —0.89) for arm FM%, leg FM%, torso FM% and total FM%,
respectively. Similarly, a 1-SD increase in the OBS was positively
associated with segmental LM%, with f} estimates (95% ClIs) of 0.99
(0.80, 1.18), 0.79 (0.62, 0.96), 1.26 (1.07, 1.45), and 0.98 (0.83, 1.14) for
the arm LM%, leg LM%, torso LM% and total LM%, respectively. RCS
analyses further revealed a negative association between OBS and
segmental FM%, but a positive association between OBS and LM%
(all p overall <0.001).

When OBS was treated as a categorical variable, higher OBS
quartiles were associated with decreased segmental FM%; the
estimates (95% CIs) for the highest quartile (Q4) were —2.76 (—3.35,
—2.17), —=2.19 (=272, —1.65), —3.37 (—3.94, —2.80), and —2.72
(—3.22, —2.23) for the arm FM%, leg FM%, torso FM% and total
FM%, respectively (all p trend <0.001), when compared with the
lowest OBS quartile (Q1), suggesting a stable negative relationship
between OBS and FM%. Accordingly, a higher OBS was associated
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with increased segmental LM%; the p estimates (95% Cls) for Q4 were
2.56 (2.01, 3.11), 2.01 (1.51, 2.51), 3.23 (2.68, 3.78) and 2.52 (2.06,
2.98) for the arm LM%, leg LM%, torso LM% and total LM%,
respectively (reference to Q1) (all p trend <0.001).

3.4 Subgroup and sensitivity analyses

Subgroup analyses were also conducted to evaluate the possible
effect modifications of the association between OBS and obesity as
well as segmental FM% and LM%. After stratification by sex, age, race,
Family PIR, education level and energy intake, the associations of OBS
with obesity were inconsistent in different gender (both p interaction
<0.01), race/ethnicity (both p interaction <0.05) and those with
different education level (both p interaction <0.001), but remained
consistent across categories of age, family PIR and energy intake (all
p interaction >0.05) (Supplementary Tables S2, S3). Similar results
were also observed for the associations between OBS and segmental
FM% and LM%. Notably, the associations of OBS with Torso FM%
and LM% remained consistent across the different age subgroups (p
interaction >0.05), while the associations of OBS with limb FM% and
LM% were stronger in those aged <40years (p interaction <0.05)
(Supplementary Tables S4-S9).

CRP is a reliable biomarker of inflammation (45). To adjust for
possible confounding by CRP levels, we restricted the analysis to
participants with the data of CRP data. Subjects with CRP levels had
a similar OBS (25.62+0.25) to those of people without CRP levels
(25.42+0.25, p=0.576). Subjects with a higher OBS had a significantly
lower CRP level (Supplementary Figure 52). After adjusting for age,
sex, race, education level, family PIR, hypertension status, diabetes,
energy intake and CRP level, the negative associations between OBS
and obesity, as well as other segmental body composition parameters,
were also stable (Supplementary Tables 510, S11).
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TABLE 1 The baseline characteristics of participants from National Health and Nutrition Examination Survey, United States, by quartiles of the OBS.

Overall (2—-47) Q1 (2-18) Q2 (19-24) Q3 (25-30) Q4 (31-47) p-value

Age, year 38.13+0.28 36.66+0.44 38.01+0.33 38.00+0.35 39.45+0.46 <0.001
Male, n (%) 5,068 (51.63) 1,092 (49.40) 1,301 (55.00) 1,299 (54.08) 1,376 (48.40) <0.001
Race, 1 (%) <0.001
Non-Hispanic White 3,466 (61.54) 879 (62.18) 869 (61.43) 812 (60.01) 906 (62.45)

Non-Hispanic Black 2023 (10.67) 660 (16.13) 601 (12.79) 445 (9.53) 317 (5.81)

Mexican American 1,585 (10.91) 279 (9.10) 390 (10.90) 447 (12.70) 469 (10.76)

Other Hispanic 1,056 (7.44) 184 (5.68) 271 (8.20) 269 (7.48) 332 (8.08)

Other race 1868 (9.44) 234 (6.91) 328 (6.68) 509 (10.28) 797 (12.90)

Family PIR, n (%) <0.001
<1.3 3,119 (23.99) 890 (31.15) 840 (26.57) 743 (23.33) 646 (17.10)

1.3-35 3,277 (34.53) 749 (37.33) 855 (38.34) 815 (34.80) 858 (29.06)

>3.5 2,827 (41.48) 443 (31.51) 573 (35.09) 724 (41.87) 1,087 (53.84)

Education level, n (%) <0.001
Less than high school 563 (3.68) 88 (2.87) 139 (3.91) 149 (3.70) 187 (4.07)

High school 3,679 (32.52) 1,065 (45.54) 1,005 (36.30) 887 (31.09) 722 (20.94)

More than high school 5,754 (63.80) 1,083 (51.59) 1,315 (59.80) 1,445 (65.21) 1911 (74.99)

Diabetes, 1 (%) 667 (5.25) 136 (5.32) 155 (4.88) 188 (5.60) 188 (5.21) 0.835
Hypertension, n (%) 2,121 (20.70) 512 (21.32) 574 (23.42) 514 (20.87) 521 (17.83) 0.005
Energy intake, kcal/day 2,271.53+13.14 2,459.73 +36.88 2,423.61+26.59 2,288.93+25.22 1,990.72+18.91 <0.001
Arm FM% 33.24+0.16 34.71+£0.35 32.88+0.34 32.65+0.29 32.96+0.29 <0.001
Leg FM% 34.87+0.16 36.17+0.31 34.72+0.29 34.23+0.27 34.57+0.26 <0.001
Torso FM% 31.48+0.17 32.88+0.31 31.50+0.28 31.22+0.27 30.63+0.25 <0.001
Total FM% 32.51+0.14 33.82+0.28 32.44+0.27 32.09+0.24 31.95+0.23 <0.001
Arm LM% 62.91+0.15 61.55+0.33 63.29+0.32 63.52+£0.29 63.14+0.28 <0.001
Leg LM% 61.80+0.15 60.60+0.30 61.95+£0.28 62.43+0.26 62.04£0.24 <0.001
Torso LM% 66.94+0.16 65.59+0.29 66.93+£0.27 67.20£0.26 67.74+0.24 <0.001
Total LM% 64.52+0.14 63.29+0.27 64.60+0.25 64.93+£0.23 65.00£0.22 <0.001
FM% defined obesity, n (%) 6,748 (67.74) 1,620 (74.20) 1,684 (69.78) 1,663 (66.60) 1781 (62.20) <0.001
BMI defined obesity, 1 (%) 3,469 (34.32) 991 (43.47) 929 (36.72) 840 (34.50) 709 (25.39) <0.001

Continuous variables are presented as means + SE or numbers (percentages) for categorical variables unless otherwise indicated. p value was estimated using chi-square for proportions,
variance analysis for means. All estimates accounted for complex survey designs, and all percentages were weighted. Family PIR, ratio of family income to poverty; FM%, fat mass percentage;

LM%, lean mass percentage; OBS, oxidative balance scores.

4 Discussion

In the present nationwide cross-sectional study, we found that
OBS was negatively associated with the risk of obesity and segmental
FM% but positively associated with segmental LM%. These
associations were independent of confounding factors and remained
consistent in all the subgroup and sensitivity analyses. Accordingly,
our results provide evidence for the importance of optimizing diet and
lifestyle as crucial strategies in the prevention of segmental obesity in
U.S. adults.

To our knowledge, this is the first study evaluating the association
between OBS and FM% defined obesity as well as the percentage of
segmental fat and lean mass. So far, previous epidemiological studies
have explored OBS and the risk of central obesity. Noruzi et al. (32)
reported that higher OBS was associated with a lower risk of abdominal
obesity defined by high circumference, while another study suggested
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that there was no association between them in Tehranian adults (33).
In addition, Yeo et al. (34) explored the association between OBS and
central obesity and showed that Korean adults with a higher OBS had
a smaller NC. Similar to our study, Wang et al. (36) reported that
higher OBS was significantly correlated with lower risks of abdominal
obesity and visceral fat accumulation. However, in Wang’s (36) study,
they did not use segmental fat mass and lean mass, but focused on the
association of OBS with total abdominal fat mass and visceral adipose
tissue mass percentages. Our study reaffirms previous observations
suggesting a dysregulated oxidative balance in individuals with obesity
or unfavorable body composition. As for segmental body fat
percentage, especially in the upper limbs and torso, may be more
essential than overall when evaluating metabolic risk (12). Our results
imply the significance of an anti-oxidative diet and lifestyle may
be beneficial for metabolic disease. In addition, the identification of
oxidative stress as a potential contributor to obesity underscores the
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TABLE 2 Association between OBS and the risk of obesity.

Variable

Model 1

BMI defined obesity?

10.3389/fnut.2024.1373709

OR (95% CI)

Model 2 Model 3

OBS, Per 1-SD increase 0.72 (0.68, 0.77)*

0.72 (0.67, 0.77)* 0.71 (0.66, 0.76)*

OBS categories

Quartile 1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Quartile 2 0.75 (0.65, 0.87)* 0.73 (0.63, 0.84)* 0.72 (0.62, 0.82)*
Quartile 3 0.69 (0.58, 0.81)* 0.67 (0.56, 0.81)* 0.66 (0.55, 0.80)*
Quartile 4 0.44 (0.38, 0.51)* 0.44 (0.37,0.51)* 0.43 (0.36, 0.50)*
P for trend <0.001 <0.001 <0.001
FM% defined obesity® Model 1 Model 2 Model 3

OBS, Per 1-SD increase 0.80 (0.75, 0.85)*

0.75 (0.70, 0.80)* 0.71 (0.66, 0.76)*

OBS categories

Quartile 1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Quartile 2 0.80 (0.65, 1.00) 0.74 (0.60, 0.92)* 0.72 (0.58, 0.89)*
Quartile3 0.69 (0.57, 0.84)* 0.63 (0.51, 0.76)* 0.59 (0.48, 0.73)*
Quartile 4 0.57 (0.48, 0.68)* 0.48 (0.40, 0.58)* 0.43 (0.35, 0.52)*
P for trend <0.001 <0.001 <0.001

Model 1: Without adjustment.

Model 2: Adjusted for age, gender, race, education level and family poverty income ratio.
Model 3: Further adjusted for diabetes, hypertension and energy intake.

Data are expressed as OR (95% CI). OBS, oxidative balance scores.

#p<0.01."BMI (in kg/m?) > 30 was defined as obesity according to clinical guidelines.
YAn FM% >25% for men or an FM% > 35% for women was defined as obesity.
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mass index; FM%, fat mass percentage.

The associations of OBS with risk obesity. (A) OBS and BMI-defined obesity, (B) OBS and FM%-defined obesity. OBS, oxidative balance score; BMI, body
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importance of targeting oxidative balance in therapeutic interventions.
Appropriate dietary and lifestyle modifications may hold promise in
mitigating obesity-associated health risks and improving metabolic
health outcomes in young and middle-aged adults.

Dietary status may directly impact our immune system and play
a part in systemic chronic inflammation (46). Western diet,
characterized by high consumption of red meat, refined grains and
sugar-sweetened beverages can increase oxidative stress biomarkers
(47). Within the health dietary models, the Mediterranean diet and
the Dietary Approaches to Stop Hypertension (DASH) diet stand out.
The Mediterranean diet (48), which emphasizes the intake of fruit and

Frontiers in Nutrition

dairy, fish, poultry and wine, contributes to decrease in circulating
oxidative stress biomarkers (49). The DASH diet, characterized by
high consumption of fruits and vegetables, has the potential to reduce
oxidative stress and inflammation levels (50). To some extent,
combining various dietary and lifestyle factors to compose a
comprehensive indicator could accurately indicate the physical
oxidative stress level. OBS, in recent years, has attracted much
attention due to its impact on health outcomes. OBS was found to
be closely related to obesity (32), hypertension (51), chronic
cardiovascular disease (45) and cancer (16). According to our results,
OBS was negatively associated with the risk of obesity and segmental
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The associations of OBS with segmental body composition parameters. (A) OBS and arm FM%, (B) OBS and leg FM¥%, (C) OBS and torso FM%, (D) OBS
and total FM%, (E) OBS and arm LM%, (F) OBS and leg LM%, (G) OBS and torso LM%, (H) OBS and total LM%. OBS, oxidative balance score; FM%, fat
mass percentage; LM%, lean mass percentage.

TABLE 3 The association between the OBS with segmental body composition parameters.

Per 1-SD Q1 (2-18) Q2 (19-24) Q3 (25-30) Q4 (31-47)
increase
B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI)
Arm FM% Model 1 —0.60 (—0.88, —0.32)* Ref —1.81 (=2.75, —0.88)* —2.05(=3.03,-1.07)% | —1.74(-2.56,-0.92)* | <0.001
Model 2 —0.91 (~1.10, —0.72)* Ref —1.11 (~1.69, —0.53)* —1.56 (=2.15,-0.97)% = —2.38(—2.94,—1.81)*  <0.001
Model 3 —1.07 (—1.27, —0.86)* Ref —1.18 (—1.74, —0.61)* —1.75(=2.35,—1.16)* | —2.76 (=3.35,—2.17)* | <0.001
Leg FM% Model 1 —0.56 (—0.82, —0.31)* Ref —1.45 (—2.25, —0.65)* —1.94 (-2.78,-1.10)* | —1.60 (-2.32, —0.88)* | <0.001
Model 2 —0.72 (—0.90, —0.54)* Ref —0.69 (—1.22, —0.17)* —1.32(~1.85,—0.78)* = —1.85(-2.37,—-1.33)* | <0.001
Model 3 —0.86 (—1.04, —0.68)* Ref —0.77 (~1.29, —0.24)* —1.47 (=2.01,-0.94)* = —2.19 (=272, —-1.65)*  <0.001
Torso FM% | Model 1 —0.85 (—1.07, —0.64)* Ref —1.38 (=2.19, —0.57)* —1.67 (—2.49, —0.84)* = —2.25(—2.91,—1.59)*  <0.001
Model 2 —1.17 (~1.36, —0.97)* Ref —1.27 (~1.87, —0.66)* —1.71(=2.35,-1.06)* = —3.01(=3.57, =2.45)* | <0.001
Model 3 —1.32 (-1.52, —1.12)* Ref —1.34 (—1.94, —0.74)* —1.89(=2.53,-126)% = —3.37(—3.94,-2.80)*  <0.001
Total EM% | Model 1 —0.69 (—0.90, —0.48)* Ref —1.39 (=2.13, —0.65)* —1.73(=2.51,-0.96)* = —1.88 (—2.50, —1.25)* | <0.001
Model 2 —0.92 (~1.09, —0.76)* Ref —0.99 (—1.49, —0.48)* —1.47 (-2.01,-0.93)* | —2.39(-2.87,—1.91)* | <0.001
Model 3 —1.06 (—1.23, —0.89)* Ref —1.06 (—1.56, —0.56)* —1.64 (=217, -1.10)* | —2.72(=3.22,-2.23)* | <0.001
Arm LM% Model 1 0.54 (0.28, 0.81)* Ref 1.73 (0.84, 2.62)* 1.96 (1.03, 2.90)* 1.58 (0.80, 2.36)* <0.001
Model 2 0.84 (0.66, 1.01)* Ref 1.02 (0.48, 1.56)* 1.46 (0.91, 2.01)* 2.19 (1.66, 2.71)* <0.001
Model 3 0.99 (0.80, 1.18)* Ref 1.09 (0.56, 1.62)* 1.65 (1.09, 2.20)* 2.56 (2.01, 3.11)* <0.001
Leg LM% Model 1 0.51 (0.26, 0.75)* Ref 1.35 (0.60, 2.10)* 1.83 (1.03, 2.63)* 1.4 (0.76, 2.12)* <0.001
Model 2 0.66 (0.49, 0.82)* Ref 0.62 (0.13, 1.11)* 1.23(0.73, 1.73)* 1.68 (1.19, 2.17)* <0.001
Model 3 0.79 (0.62, 0.96)* Ref 0.69 (0.20, 1.18)* 1.38 (0.88, 1.88)* 2.01 (1.51,2.51)* <0.001
Torso LM% | Model 1 0.81 (0.60, 1.02)* Ref 1.34(0.56, 2.12)* 1.62 (0.81, 2.42)* 2.15 (1.52, 2.79)* <0.001
Model 2 1.11 (0.93, 1.30)* Ref 1.21 (0.62, 1.80)* 1.64 (1.01, 2.26)* 2.88 (2.34, 3.42)* <0.001
Model 3 1.26 (1.07, 1.45)* Ref 1.28 (0.70, 1.87)* 1.82 (1.20, 2.43)* 3.23(2.68,3.78)* <0.001
Total LM% | Model 1 0.62 (0.43, 0.82)* Ref 1.31 (0.62, 2.01)* 1.64 (0.91, 2.38)* 1.71 (1.13, 2.30)* <0.001
Model 2 0.85 (0.70, 1.00)* Ref 0.90 (0.43, 1.37)* 1.37 (0.87, 1.87)* 2.20 (1.75, 2.64)* <0.001
Model 3 0.98 (0.83, 1.14)* Ref 0.97 (0.50, 1.43)* 1.53 (1.03, 2.03)* 2.52 (2.06, 2.98)* <0.001

Model 1: Without adjustment.
Model 2: Adjusted for age, gender, race, education level and family income.

Model 3: Further adjusted for diabetes, hypertension and energy intake.

FM%, fat mass percentage; LM%, lean mass percentage; OBS, oxidative balance scores.
Data were expressed as f§ (95%CI).

#p<0.05.
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FM%. By elucidating the association between OBS and specific
parameters of body composition, such as FM% and LM%, our findings
offer mechanistic insights into the pathophysiology of obesity.

Although the association between OBS and obesity was not
modified by age, PIR or energy intake (all p interaction >0.05).
We observed significant sex, race and education level interactions,
whereby the association of OBS with obesity were stronger in females,
non-Hispanic White and Black individuals and people with more
than high school education level. One reason for this gender
discrepancy was that women have a greater antioxidant capacity than
men, possibly owing to higher antioxidant enzyme activity (52) and
higher free radicals scavenging ability in the presence of estrogen
(53). Although the mechanism of this interaction remains to
be elucidated, these findings may suggest that a predominance of
antioxidant diet and lifestyle factors may be more protective against
the gradual degeneration of lean mass in women, non-Hispanic
White and Black and people with higher education levels.

Additionally, this study revealed that the associations of OBS
with FM% and LM% of the trunk remained consistent in different age
subgroups, while the associations of OBS with limb FM% and LM%
were stronger in the younger group aged <40years. Although the
elderly individuals were prone to having an antioxidant dietary and
life style, which had a higher OBS level (26.01+0.24) than the
middle-aged group (25.07 £0.18, p<0.001), they still had a greater
rate of obesity than did the younger individuals (76.44% vs. 60.09%,
p<0.001). One plausible mechanism explaining this disparity was
that a higher OBS could not prevent the gradual degeneration of lean
mass and the accumulation of fat mass with aging in elderly
individuals (3, 4).

There are several strengths of this study. First, the present study
with a large sample-size is based on data from the nationwide. Second,
NHANES used a complex and multistage probability sampling design,
and the present study adopted appropriate weighted analyses, so the
findings is widely usable in the US population. Third, confounding
factors, including sociodemographic characteristics and dietary intake
are considered in weighted multiple regression analysis. Moreover,
subgroup analyses confirm the results are basically robust. However,
the limitations of this study cannot be neglected. First, because of the
cross-sectional design and simultaneous measurement of exposure
and results, it may be difficult to infer causality between OBS and
segmental body composition. Therefore, prospective studies are
required to further clarify the relationship. Second, the DXA data for
participants aged >60years old are not available, which limits the
generalization to a wider age group (aged >60). Third, to date, no OBS
biomarker is found to verify the effectiveness of OBS for assessing
oxidative balance. Finally, although multiple potential confounding
variables are adjusted in our analyses, residual confounding, such as
medication use cannot be eliminated.

5 Conclusion

In conclusion, a higher OBS was negatively associated with the
risk of FM%-defined obesity and positively associated with segmental
lean mass. Our results underscore the significance of adhering to an
anti-oxidative diet and lifestyle interventions for lowering segmental
obesity in U.S. adults. However, further prospective studies are needed
to verify our findings.

Frontiers in Nutrition

10.3389/fnut.2024.1373709

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Ethics statement

The studies involving humans were approved by the National
Center for Health Statistics. The studies were conducted in accordance
with the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

ZZ: Conceptualization, Formal analysis, Writing - original draft,
Writing - review & editing. HB: Data curation, Formal analysis,
Methodology, Validation, Writing - review & editing. ZL:
Conceptualization, Data curation, Formal analysis, Methodology,
Writing - original draft, Writing - review & editing. MF: Writing —
original draft. GL: Validation, Writing - review & editing. LC: Writing
- review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors thank all staff and subjects in the NHANES project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material
The Supplementary material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1373709/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnut.2024.1373709
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1373709/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1373709/full#supplementary-material

Zhu et al.

References

1. World Health Organization. Obesity: preventing and managing the global epidemic.
Report of a WHO consultation on obesity. World Health Organization technical report
series, vol. 894 (2000). i-xii, 1 p.

2. DiRenzo L, Itani L, Gualtieri P, Pellegrini M, E1 Ghoch M, De Lorenzo A. New BMI
cut-off points for obesity in middle-aged and older adults in clinical nutrition settings
in Italy: a cross-sectional study. Nutrients. (2022) 14:4848. doi: 10.3390/nu14224848

3. Holloszy JO. The biology of aging. Mayo Clin Proc. (2000) 75:S3-9. doi: 10.1016/
S0025-6196(19)30634-2

4. Macek P, Terek-Derszniak M, Biskup M, Krol H, Smok-Kalwat J, Gozdz S, et al.
Assessment of age-induced changes in body fat percentage and BMI aided by Bayesian
modelling: a cross-sectional cohort study in middle-aged and older adults. Clin Interv
Aging. (2020) 15:2301-11. doi: 10.2147/cia.S277171

5. St-Onge MP. Relationship between body composition changes and changes in
physical function and metabolic risk factors in aging. Curr Opin Clin Nutr Metab Care.
(2005) 8:523-8. doi: 10.1097/01.mc0.0000171150.49248.14

6. Oliveros E, Somers VK, Sochor O, Goel K, Lopez-Jimenez F. The concept of normal
weight obesity. Prog Cardiovasc Dis. (2014) 56:426-33. doi: 10.1016/j.pcad.2013.10.003

7. Wijayatunga NN, Dhurandhar EJ. Normal weight obesity and unaddressed
cardiometabolic health risk-a narrative review. Int ] Obes. (2021) 45:2141-55. doi:
10.1038/s41366-021-00858-7

8. Moore ML, Benavides ML, Dellinger JR, Adamson BT, Tinsley GM. Segmental
body composition evaluation by bioelectrical impedance analysis and dual-energy X-ray
absorptiometry: quantifying agreement between methods. Clin Nutr. (2020) 39:2802-10.
doi: 10.1016/j.cInu.2019.12.009

9. Chang SH, Beason TS, Hunleth JM, Colditz GA. A systematic review of body fat
distribution and mortality in older people. Maturitas. (2012) 72:175-91. doi: 10.1016/j.
maturitas.2012.04.004

10. Han TS, Al-Gindan YY, Govan L, Hankey CR, Lean MEJ. Associations of body fat
and skeletal muscle with hypertension. J Clin Hypertens (Greenwich). (2019) 21:230-8.
doi: 10.1111/jch.13456

11. Gupta P, Lanca C, Gan ATL, Soh P, Thakur S, Tao Y, et al. The association between
body composition using dual energy X-ray absorptiometry and Type-2 diabetes: a
systematic review and Meta-analysis of observational studies. Sci Rep. (2019) 9:12634.
doi: 10.1038/s41598-019-49162-5

12.Qi Q, Sun K, Rong Y, Li Z, Wu Y, Zhang D, et al. Body composition of the upper
limb associated with hypertension, hypercholesterolemia, and diabetes. Front Endocrinol
(Lausanne). (2022) 13:985031. doi: 10.3389/fend0.2022.985031

13. Pérez-Torres I, Castrejon-Téllez V, Soto ME, Rubio-Ruiz ME, Manzano-Pech L,
Guarner-Lans V. Oxidative stress, plant natural antioxidants, and obesity. Int ] Mol Sci.
(2021) 22:22. doi: 10.3390/ijms22041786

14. Maingrette F, Renier G. Leptin increases lipoprotein lipase secretion by
macrophages: involvement of oxidative stress and protein kinase C. Diabetes. (2003)
52:2121-8. doi: 10.2337/diabetes.52.8.2121

15. Sies H. Oxidative stress: a concept in redox biology and medicine. Redox Biol.
(2015) 4:180-3. doi: 10.1016/j.redox.2015.01.002

16. Hernédndez-Ruiz A, Garcia-Villanova B, Guerra-Hernandez E, Amiano P, Ruiz-
Canela M, Molina-Montes E. A review of a priori defined oxidative balance scores
relative to their components and impact on health outcomes. Nutrients. (2019) 11:774.
doi: 10.3390/nu11040774

17. Dash C, Bostick RM, Goodman M, Flanders WD, Patel R, Shah R, et al. Oxidative
balance scores and risk of incident colorectal cancer in a US prospective cohort study.
Am ] Epidemiol. (2015) 181:584-94. doi: 10.1093/aje/kwu318

18. Kong SY, Goodman M, Judd S, Bostick RM, Flanders WD, McClellan W. Oxidative
balance score as predictor of all-cause, cancer, and noncancer mortality in a biracial US
cohort. Ann Epidemiol. (2015) 25:256-62.e1. doi: 10.1016/j.annepidem.2015.01.004

19. Wu D, Cederbaum AL Alcohol, oxidative stress, and free radical damage. Alcohol
Res Health. (2003) 27:277-84.

20. Barreiro E, Peinado VI, Galdiz JB, Ferrer E, Marin-Corral ], Sdnchez F, et al.
Cigarette smoke-induced oxidative stress: a role in chronic obstructive pulmonary
disease skeletal muscle dysfunction. Am J Respir Crit Care Med. (2010) 182:477-88. doi:
10.1164/rccm.200908-12200C

21. Puntarulo S. Iron, oxidative stress and human health. Mol Asp Med. (2005)
26:299-312. doi: 10.1016/j.mam.2005.07.001

22.Kojo S. Vitamin C: basic metabolism and its function as an index of oxidative
stress. Curr Med Chem. (2004) 11:1041-64. doi: 10.2174/0929867043455567

23. Fernandez-Robredo P, Gonzélez-Zamora J, Recalde S, Bilbao-Malavé V,
Bezunartea ], Hernandez M, et al. Vitamin D protects against oxidative stress and
inflammation in human retinal cells. Antioxidants (Basel). (2020) 9:838. doi: 10.3390/
antiox9090838

24. Zappe K, Pointner A, Switzeny OJ, Magnet U, Tomeva E, Heller , et al. Counteraction
of oxidative stress by vitamin E affects epigenetic regulation by increasing global
methylation and gene expression of MLH1 and DNMT1 dose dependently in Caco-2 cells.
Oxidative Med Cell Longev. (2018) 2018:3734250. doi: 10.1155/2018/3734250

Frontiers in Nutrition

10.3389/fnut.2024.1373709

25.Shu Y, Wu M, Yang S, Wang Y, Li H. Association of dietary selenium intake with
telomere length in middle-aged and older adults. Clin Nutr. (2020) 39:3086-91. doi:
10.1016/j.cInu.2020.01.014

26. Marreiro DD, Cruz KJ, Morais JB, Beserra J B, Severo ]S, de Oliveira AR. Zinc and
oxidative stress: current mechanisms. Antioxidants (Basel). (2017) 6:24. doi: 10.3390/
antiox6020024

27. Bruckbauer A, Zemel MB. Dietary calcium and dairy modulation of oxidative
stress and mortality in aP2-agouti and wild-type mice. Nutrients. (2009) 1:50-70. doi:
10.3390/nu1010050

28. Shivakumar K, Kumar BP. Magnesium deficiency enhances oxidative stress and
collagen synthesis in vivo in the aorta of rats. Int ] Biochem Cell Biol. (1997) 29:1273-8.
doi: 10.1016/s1357-2725(97)00068-x

29. Hernandez-Ruiz A, Garcia-Villanova B, Guerra-Hernandez EJ, Carrién-Garcia CJ,
Amiano P, Sdnchez MJ, et al. Oxidative balance scores (OBSs) integrating nutrient, food
and lifestyle dimensions: development of the nutrient L-OBS and food L-OBS.
Antioxidants (Basel). (2022) 11:300. doi: 10.3390/antiox11020300

30. Song L, Li H, Fu X, Cen M, Wu J. Association of the Oxidative Balance Score and
Cognitive Function and the mediating role of oxidative stress: evidence from the
National Health and nutrition examination survey (NHANES) 2011-2014. J Nutr.
(2023) 153:1974-83. doi: 10.1016/j.tjnut.2023.05.014

31.Li H, Song L, Cen M, Fu X, Gao X, Zuo Q, et al. Oxidative balance scores and
depressive symptoms: mediating effects of oxidative stress and inflammatory factors. J
Affect Disord. (2023) 334:205-12. doi: 10.1016/j.jad.2023.04.134

32. Noruzi Z, Jayedi A, Farazi M, Asgari E, Dehghani Firouzabadi F, Akbarzadeh Z,
et al. Association of Oxidative Balance Score with the metabolic syndrome in a sample
of Iranian adults. Oxidative Med Cell Longev. (2021) 2021:5593919-9. doi:
10.1155/2021/5593919

33.Lee HS, Park T. Pathway-driven approaches of interaction between oxidative
balance and genetic polymorphism on metabolic syndrome. Oxidative Med Cell Longev.
(2017) 2017:6873197-9. doi: 10.1155/2017/6873197

34. Yeo J, Hwang IC, Ahn HY. Association between oxidative balance score and neck
circumference in Korean adults. Obes Res Clin Pract. (2022) 16:343-5. doi: 10.1016/j.
orcp.2022.07.007

35. Liang J, Teng E, Li Y, Liu X, Zou C, Wang Y, et al. Neck circumference and insulin
resistance in Chinese adults: the Cardiometabolic risk in Chinese (CRC) study. Diabetes
Care. (2013) 36:e145-6. doi: 10.2337/dc13-1114

36. Wang K, Deng M, Wu J, Luo L, Chen R, Liu E, et al. Associations of oxidative
balance score with total abdominal fat mass and visceral adipose tissue mass percentages
among young and middle-aged adults: findings from NHANES 2011-2018. Front Nutr.
(2023) 10:1306428. doi: 10.3389/fnut.2023.1306428

37.Lei X, Xu Z, Chen W. Association of oxidative balance score with sleep quality:
NHANES 2007-2014. ] Affect Disord. (2023) 339:435-42. doi: 10.1016/j.
jad.2023.07.040

38.Qiu Z, Geng T, Wan Z, Lu Q, Guo J, Liu L, et al. Serum selenium concentrations
and risk of all-cause and heart disease mortality among individuals with type 2 diabetes.
Am ] Clin Nutr. (2022) 115:53-60. doi: 10.1093/ajcn/nqab241

39. Dickey RA, Bartuska DG, Bray G, Callaway W, Davidson T, Feld S, et al. AACE/
ACE position statement on the prevention, diagnosis, and treatment of obesity (1998
revision). Endocr Pract. (1998) 4:297-350.

40. Batsis JA, Mackenzie TA, Lopez-Jimenez E Bartels SJ. Sarcopenia, sarcopenic
obesity, and functional impairments in older adults: National Health and nutrition
examination surveys 1999-2004. Nutr Res. (2015) 35:1031-9. doi: 10.1016/j.
nutres.2015.09.003

41. Batsis JA, Mackenzie TA, Barre LK, Lopez-Jimenez E Bartels SJ. Sarcopenia,
sarcopenic obesity and mortality in older adults: results from the National Health and
nutrition examination survey III. Eur J Clin Nutr. (2014) 68:1001-7. doi: 10.1038/
ejcn.2014.117

42. Slater J, Kruger R, Douwes ], O'Brien WJ, Corbin M, Miles-Chan JL, et al.
Objectively measured physical activity is associated with body composition and
metabolic profiles of Pacific and New Zealand European women with different metabolic
disease risks. Front Physiol. (2021) 12:684782. doi: 10.3389/fphys.2021.684782

43. Leung J, Burke B, Ford D, Garvin G, Korn C, Sulis C, et al. Possible association
between obesity and Clostridium difficile infection. Emerg Infect Dis. (2013) 19:1791-8.
doi: 10.3201/eid1911.130618

44. Zhang W, Peng SE, Chen L, Chen HM, Cheng XE, Tang YH. Association between
the oxidative balance score and telomere length from the National Health and nutrition
examination survey 1999-2002. Oxidative Med Cell Longev. (2022) 2022:1345071-11.
doi: 10.1155/2022/1345071

45. Lakkur S, Judd S, Bostick RM, McClellan W, Flanders WD, Stevens VL, et al.
Oxidative stress, inflammation, and markers of cardiovascular health. Atherosclerosis.
(2015) 243:38-43. doi: 10.1016/j.atherosclerosis.2015.08.032

46. Grosso G, Laudisio D, Frias-Toral E, Barrea L, Muscogiuri G, Savastano S, et al.
Anti-inflammatory nutrients and obesity-associated metabolic-inflammation: state of
the art and future direction. Nutrients. (2022) 14:14. doi: 10.3390/nu14061137

frontiersin.org


https://doi.org/10.3389/fnut.2024.1373709
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu14224848
https://doi.org/10.1016/S0025-6196(19)30634-2
https://doi.org/10.1016/S0025-6196(19)30634-2
https://doi.org/10.2147/cia.S277171
https://doi.org/10.1097/01.mco.0000171150.49248.14
https://doi.org/10.1016/j.pcad.2013.10.003
https://doi.org/10.1038/s41366-021-00858-7
https://doi.org/10.1016/j.clnu.2019.12.009
https://doi.org/10.1016/j.maturitas.2012.04.004
https://doi.org/10.1016/j.maturitas.2012.04.004
https://doi.org/10.1111/jch.13456
https://doi.org/10.1038/s41598-019-49162-5
https://doi.org/10.3389/fendo.2022.985031
https://doi.org/10.3390/ijms22041786
https://doi.org/10.2337/diabetes.52.8.2121
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.3390/nu11040774
https://doi.org/10.1093/aje/kwu318
https://doi.org/10.1016/j.annepidem.2015.01.004
https://doi.org/10.1164/rccm.200908-1220OC
https://doi.org/10.1016/j.mam.2005.07.001
https://doi.org/10.2174/0929867043455567
https://doi.org/10.3390/antiox9090838
https://doi.org/10.3390/antiox9090838
https://doi.org/10.1155/2018/3734250
https://doi.org/10.1016/j.clnu.2020.01.014
https://doi.org/10.3390/antiox6020024
https://doi.org/10.3390/antiox6020024
https://doi.org/10.3390/nu1010050
https://doi.org/10.1016/s1357-2725(97)00068-x
https://doi.org/10.3390/antiox11020300
https://doi.org/10.1016/j.tjnut.2023.05.014
https://doi.org/10.1016/j.jad.2023.04.134
https://doi.org/10.1155/2021/5593919
https://doi.org/10.1155/2017/6873197
https://doi.org/10.1016/j.orcp.2022.07.007
https://doi.org/10.1016/j.orcp.2022.07.007
https://doi.org/10.2337/dc13-1114
https://doi.org/10.3389/fnut.2023.1306428
https://doi.org/10.1016/j.jad.2023.07.040
https://doi.org/10.1016/j.jad.2023.07.040
https://doi.org/10.1093/ajcn/nqab241
https://doi.org/10.1016/j.nutres.2015.09.003
https://doi.org/10.1016/j.nutres.2015.09.003
https://doi.org/10.1038/ejcn.2014.117
https://doi.org/10.1038/ejcn.2014.117
https://doi.org/10.3389/fphys.2021.684782
https://doi.org/10.3201/eid1911.130618
https://doi.org/10.1155/2022/1345071
https://doi.org/10.1016/j.atherosclerosis.2015.08.032
https://doi.org/10.3390/nu14061137

Zhu et al.

47. Mirmiran P, Hadavi H, Mottaghi A, Azizi E. Effect of dietary patterns on oxidative
stress in Patiants with metabolic syndrome: Tehran lipid and glucose study. Caspian J
Intern Med. (2018) 9:376-85. doi: 10.22088/cjim.9.4.376

48. Martinez-Gonzalez MA, Trichopoulou A. Observational epidemiology, lifestyle,
and health: the paradigm of the Mediterranean diet. Am ] Health Promot. (2020)
34:948-50. doi: 10.1177/0890117120960580¢

49. Aleksandrova K, Koelman L, Rodrigues CE. Dietary patterns and biomarkers
of oxidative stress and inflammation: a systematic review of observational
and intervention studies. Redox Biol. (2021) 42:101869. doi: 10.1016/j.
redox.2021.101869

50. Filippou CD, Tsioufis CP, Thomopoulos CG, Mihas CC, Dimitriadis KS,
Sotiropoulou LI, et al. Dietary approaches to stop hypertension (DASH) diet and blood

Frontiers in Nutrition

10

10.3389/fnut.2024.1373709

pressure reduction in adults with and without hypertension: a systematic review and
Meta-analysis of randomized controlled trials. Adv Nutr. (2020) 11:1150-60. doi:
10.1093/advances/nmaa041

51. Lee JH, Son DH, Kwon Y]J. Association between oxidative balance score and new-
onset hypertension in adults: a community-based prospective cohort study. Front Nutr.
(2022) 9:1066159. doi: 10.3389/fnut.2022.1066159

52. Kander MC, Cui Y, Liu Z. Gender difference in oxidative stress: a new look at the
mechanisms for cardiovascular diseases. J Cell Mol Med. (2017) 21:1024-32. doi:
10.1111/jemm.13038

53.Son DH, Lee HS, Seol SY, Lee YJ, Lee JH. Association between the oxidative
balance score and incident chronic kidney disease in adults. Antioxidants (Basel). (2023)
12:335. doi: 10.3390/antiox12020335

frontiersin.org


https://doi.org/10.3389/fnut.2024.1373709
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.22088/cjim.9.4.376
https://doi.org/10.1177/0890117120960580c
https://doi.org/10.1016/j.redox.2021.101869
https://doi.org/10.1016/j.redox.2021.101869
https://doi.org/10.1093/advances/nmaa041
https://doi.org/10.3389/fnut.2022.1066159
https://doi.org/10.1111/jcmm.13038
https://doi.org/10.3390/antiox12020335

	Association of the oxidative balance score with obesity and body composition among young and middle-aged adults
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Oxidative balance score calculation
	2.3 Outcome
	2.4 Covariates
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Associations between OBS and the risk of obesity
	3.3 Associations between OBS and segmental body composition parameters
	3.4 Subgroup and sensitivity analyses

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

