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Abstract

Background No research report has been conducted to investigate the impact of oxidation balance score (OBS) on
the estimated pulse wave velocity(ePWV).We aimed to examine the association between OBS and ePWV.

Method We evaluated data for 13,073 patients from the National Health and Nutrition Examination Survey (NHANES).
The exposure variable was OBS. The outcome variables was combination of ePWV and arterial stiffness.

Results We observed a significant negative correlation between OBS (Per 1SD increase) and ePWV in the gradually
adjusted models. Based on the aforementioned results, a two-piecewise logistic regression adjusted model was
subsequently employed to establish the association between OBS and elevated ePWV, and the inflection point

was determined as 5. The increased risk of elevated ePWV (OR:0.70; 95%Cl:0.51-0.94) gradually decreases with the
increase of OBS on the left side of the inflection point; however, when OBS exceeds 5, this decrease in risk of elevated
ePWV(OR:1.00; 95%Cl:0.96-1.04) is no longer observed (P for log likelihood ratio test=0.028).

Conclusions There exists a significant association between OBS and ePWV in the context of American adults.
Specifically, OBS exhibits a negative correlation with ePWV; however, when considering an elevated ePWV, a

saturation effect is observed in relation to OBS.
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Introduction

The findings from large-scale population-based studies
have demonstrated a robust association between arterial
stiffness and an elevated risk of cardiovascular events.
Moreover, arterial stiffness has been closely linked to
hypertension, diabetes, kidney disease, dementia, and
mortality [1, 2]. The index of carotid—femoral pulse wave
velocity (cfPWV) is commonly employed to quantify
arterial stiffness [3]. However, the widespread imple-
mentation of cfPWYV in clinical practice is hindered by
the high cost of equipment, the need for trained person-
nel, and a lack of standardized methodologies; therefore,
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researchers have devised methods to estimate pulse
wave velocity (ePWYV) based on age and blood pres-
sure through functional [4]. Additionally, several studies
have demonstrated that the predicted arterial stiffness
of ePWV exhibits similarity to the predicted value of
cfPWV [5]. The ePWYV index, calculated based on age
and average blood pressure, accurately reflects the degree
of vascular aging by capturing changes in vascular biol-
ogy over time. Moreover, ePWYV serves as a surrogate
marker for arterial stiffness, indirectly reflecting the state
of arterial structure and function. Arterial stiffness, being
an important manifestation of vascular aging, is consid-
ered a hallmark of the aging process [6].The process of
vascular aging is a complex interplay involving oxidative
stress, chronic inflammation, and cellular senescence [7].
Specifically, vascular aging is characterized by the senes-
cence of endothelial cells. Senescent endothelial cells
secrete reactive oxygen species (ROS) and inflammatory
factors, which in turn promote their own aging through
DNA damage and activation of DNA damage response
[8]. Moreover, this positive feedback loop induces the
senescence of surrounding healthy cells, thereby creating
an inflammatory microenvironment within arterial blood
vessels [9]. In fact, the oxidative stress represented by
ROS in the above physiological process can be adjusted
in clinical practice to maintain the health of human blood
vessels. The term “oxidative stress” refers to the imbal-
ance between exposure to pro-oxidants and antioxidants.
In this scenario, the role of pro-oxidersedes that of anti-
oxidants, potentially resulting in cellular damage and oxi-
dation [10]. On the other hand, mitigating exposure to
oxidative factors can potentially mitigate the risk of arte-
rial stiffness; however, quantifying individual-level expo-
sure to oxidation factors alone remains challenging.
Therefore, the oxidation balance score (OBS) serves as
a robust solution to address the aforementioned issues,
representing a comprehensive assessment of oxidative
stress-related exposure based on the cumulative intake
of diverse pro-oxidants and antioxidants, the higher the
score, the lower the level of oxidative stress [11, 12]. OBS
integrates dietary and lifestyle factors to quantitatively
assess the degree of oxidative balance. The efficacy of
OBS has been demonstrated in cancer [13, 14], diabe-
tes [15], osteoarthritis [16], and cardiovascular diseases
[17] through extensive research. However, the previous
literature solely encompasses cardiovascular diseases
such as chronic congestive heart failure, nonfatal myo-
cardial infarction, and stroke. Furthermore, the observed
increase in OBS merely substantiates the protective effect
on cardiovascular diseases in unadjusted models .Due to
the pathophysiological basis of cardiovascular diseases
being oxidative stress, there is currently no research
report on the relationship between OBS and arterial
stiffness. However, considering arterial stiffness as an
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intermediate variable and risk predictor of cardiovascu-
lar diseases, it is expected to have a biological effect with
OBS. Therefore, we propose two research hypotheses:
firstly, there exists a correlation between OBS and arterial
stiffness; secondly, there may be a nonlinear correlation
between OBS and arterial stiffness. To examine the afore-
mentioned research hypotheses, this study employed a
large-scale dataset obtained from the National Health
and Nutrition Examination Survey (NHANES).

Methods

Data source and participants

Participants in this cross-sectional analysis were drawn
from the population enrolled in the NHANES data-
base spanning from 2005 to 2018. NHANES, a nation-
ally representative population study conducted by the
Centers for Disease Control and Prevention (CDC) [18],
employed a stratified multi-stage probability and overs-
ampling design to recruit participants for assessing their
health and nutritional status, the data is published bienni-
ally [19]. Prior to participation, all participants provided
informed consent and obtained ethical approval from the
research ethics review committee of the National Center
for Health Statistics (NCHS). A comprehensive exposi-
tion of NHANES research and its corresponding statis-
tical analysis can be found at https://www.cdc.gov/nchs/
nhanes/.

In the NHANES cohort from 2005 to 2018 year, we
included a total of 38,544 participants aged over 18 years
with complete OBS and ePWV data. We excluded 25,471
patients due to covariate deletion, resulting in a final
sample size of 13,073 participants for this data analysis.

Definition of the OBS and ePWV

The OBS in this cross-sectional analysis comprises two
components: the dietary OBS and the lifestyle OBS. Six-
teen nutrients and four lifestyle factors are utilized for
calculating the OBS. The components comprising the
dietary OBS include dietary fiber (g/d), carotene (RE/d),
riboflavin (mg/d), niacin (mg/d), vitamin B6 (mg/d), total
folate (mcg/d), Vitamin B12 (mcg/d), Vitamin C (mg/d),
Vitamin E (ATE) (mg/d), calcium (mg/d), magnesium
(mg/d), zinc (mg/d), copper (mg/d) selenium (mcg/d),
total fat (g/d) and iron (mg/d). Additionally, the lifestyle
OBS encompasses physical activity (MET-minute/week),
BMI (kg/m?), alcohol (g/d) and cotinine (ng/mL). We
further categorized these 20 components into 5 types
of oxidants and 15 types of antioxidants, with the latter
being further divided into 3 groups and assigned scores
ranging from 0 to 2. Conversely, pro-oxidant scores were
inverted, with a maximum score of 0 and a minimum
score of 2. Consequently, we obtained the final compre-
hensive OBS by considering both antioxidant and pro-
oxidant component scores [20].
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The outcome variable was ePWV. We used a formula
derived from the Reference Values for Arterial Stiffness’
Collaboration [21]as described in the study by Greve et
al [5]. ePWV was calculated by age and mean blood pres-
sure (MBP); ePWV=9.587-0.402 x age+4.560x103
X age’-2.621x107° x age®* x MBP+3.176x107° x age
X MBP-1.832x10"2 MBP=DBP+0.4 (SBP-DBP). In
this study, 0.4 was used to calculate MBP instead of
0.33, because a coefficient of 0.4 is more in line with the
change of pulse contour with age and its relationship
with target organ damage [22, 23].

Covariates

Baseline questionnaires were utilized to collect covari-
ate information, encompassing age, gender, race/nation-
ality, smoking status, poverty income ratio, body mass
index (BMI), and self-reported baseline medical his-
tory including diabetes mellitus (DM), hypertension,
cardiovascular diseases(CVD), and drug use. BMI was
determined by measuring height and weight. Blood bio-
chemical markers comprised glycosylated hemoglobin
levels, estimated glomerular filtration rate (eGFR), total
cholesterol (TC), high-density lipoprotein levels (HDL),
and C-reactive protein (CRP). The eGFR was calculated
using the chronic kidney disease epidemiological coop-
eration (CKD-EPI) formula [24]. DM is defined as having
a fasting blood glucose level of 27 mm/L, being diag-
nosed with diabetes by a medical professional, or cur-
rently using medication to manage high blood glucose
levels [25]. The definition of hypertension entails a mean
systolic blood pressure (SBP) equal to or exceeding 140
mmHg and/or a mean diastolic blood pressure (DBP)
equal to or exceeding 90 mmHg, or the presence of self-
reported hypertension diagnosis accompanied by anti-
hypertensive [26]. Cardiovascular diseases in our study
were defined as any reported diagnosis of coronary heart
disease, angina pectoris, myocardial infarction, chronic
heart failure, and stroke [27]. Detailed information of
the above indicators can be found on www.cdc.gov/nchs/
nhanes/.

Statistical analysis
Mean and standard deviation (SDs) or medians (inter-
quartile ranges) (IQRs) are used to represent continuous
variables, while percentages are used for representing
classified variables. The differences in OBS among the
four groups of continuous variables are compared using
a one-way analysis of variance test or the Mann-Whitney
test of nonparametric, whereas the differences in cate-
gorical variables are assessed using a chi-square test.
Previous literature has demonstrated a significant asso-
ciation between ePWV2>10 m/s and an increased risk
of cardiac events [28]. Therefore, in this cross-sectional
analysis, we define the elevated ePWV as ePWV =10 m/s.
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Pearson’s correlation coefficient was used to to assess
the association of OBS and ePWV with cardiovascu-
lar risk factors. Beta coefficients (p) and 95% confidence
interval (CI) used to investigate the association between
OBS and ePWYV were calculated using multivariate linear
regression; Odds ratios (OR) and 95%CI used to inves-
tigate the association between OBS and elevated ePWV
in participants were calculated using multivariate logis-
tic regression for three models. Model 1 was adjusted
for none; model 2 was adjusted for age, sex, BMI, race,
poverty income ratio; model 3 was adjusted for age, sex,
BM]I, race, poverty income ratio, SBP, DBP, smoking sta-
tus, HbAlc, CRP, TC, HDL, eGFR, DM, CVD, Hyper-
tension, antihypertensive drugs, Lipoprotein-lowering
drugs, hypoglycemic drugs. The dose-response relation-
ship between OBS and ePWV and elevated ePWV visu-
ally demonstrated by employing a generalized additive
model (GAM) and fitting a smooth curve using the pen-
alty. If nonlinearity was detected, we first used a recur-
sive algorithm to calculate the inflection points and then
constructed a two-segment binary logistic model on both
sides of the inflection points.

The statistical significance of all two-tailed P<0.05
was observed. The data analysis was conducted using the
Empower (R; www.empowerstats.com; X&Y Solutions,
Inc., Boston, MA, USA) and the R statistical software
package (http://www.R-project.org, The R Foundation).

Results

Demographic and clinical characteristics of the study
population

In the final analysis, a total of 13,073 participants were
included in this study. The patients’ average age (stan-
dard deviation: SD) was 49.84 (17.82) years, constitut-
ing 50.26% males. Additionally, diabetes was present in
13.98% of the patients and hypertension prevalence stood
at 41.59%. The ePWYV mean and standard deviation (SD)
were present as 8.43+2.29 m/s. Table 1 presents a com-
prehensive description of baseline data characteristics
based on the OBS fourth-class grouping. The findings
indicate that, in comparison to participants in the high-
est OBS group (24<OBS<37), those in the lowest OBS
group (0<OBS<11) primarily consist of elderly males,
predominantly belonging to non-Hispanic black and
Mexican American ethnicities. Additionally, a higher
prevalence of current smokers was observed. In addition,
participants in the lowest OBS group exhibit higher levels
of BMI, SBP, HbA1lc, CRP, a higher prevalence of hyper-
tension, DM and CVD, as well as a higher medication
rate compared to those in the highest OBS group. Fur-
thermore, they have lower poverty-income ratio values
along with decreased HDL and eGFR values. However,
there was no statistically significant difference observed
between DBP and TC in the OBS grouping (P>0.05).
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Table 1 Baseline characteristics of the study population according to the quartile of OBS?

Characteristics OBS Pvalue
Quartile 1 Quartile 2 Quartile 3 Quartile 4

OBS range 0to<11 11 to<19 19 to<24 24to <37

N 2953 3465 3212 3443

Males, N(%) 1611 (54.55%) 1738 (50.16%) 1529 (47.60%) 1693 (49.17%) <0.001

Age, year 49.19+1834 5140+£18.23 4980+17.52 48.85+17.10 <0.001

BMI, kg/m2 29.21+7.10 29.59+6.61 29.25+6.61 27.85+6.23 <0.001

Race <0.001

Non-Hispanic White, N(%) 1241 (42.03%) 1615 (46.61%) 1708 (53.18%) 2080 (60.41%)

Non-Hispanic Black, N(%) 741 (25.09%) 802 (23.15%) 535 (16.66%) 402 (11.68%)

Mexican American, N(%) 571 (19.34%) 631 (18.21%) 583 (18.15%) 559 (16.24%)

Other Hispanic, N(%) 244 (8.26%) 275 (7.94%) 259 (8.06%) 255 (7.41%)

Other races, N(%) 56 (5.28%) 42 (4.10%) 127 (3.95%) 147 (4.27%)

Current smoking, N(%) 935 (31.66%) 872 (25.17%) 652 (20.30%) 461 (13.39%) <0.001

SBP, mmHg 124.87+19.71 124.09+£18.79 12295+1824 12099+ 17.06 <0.001

DBP. mmHg 69.95+12.59 6941+£12.16 70.02+12.30 70.09+11.34 0.081

Poverty income ratio 219+1.54 238+1.55 271+1.61 297+1.65 <0.001

HbA1c% 577+£1.13 576+£1.04 5.66+0.96 5.58+0.90 <0.001

TC, mg/dL 195.85+43.76 196.10+41.48 197.29+40.59 196.25+40.47 0.528

HDL, mg/dL 51.74+16.84 51.57+£15.20 52.65+1591 5466+ 16.25 <0.001

CRP, mg/dL 0.21 (0.01-20.00) 0.22 (0.01-17.50) 0.20 (0.01-11.32) 0.15 (0.01-13.90) <0.001

eGFR, mL/min/1.73 m? 94.07 £24.44 91.24+25.16 93.14+2261 94.11+21.36 <0.001

ePWV, m/s <0.001

<10 2211 (74.87%) 2466 (71.17%) 2449 (76.25%) 2705 (78.57%)

>10 742 (25.13%) 999 (28.83%) 763 (23.75%) 738 (21.43%)

Comorbidities, N (%)

DM 468 (15.85%) 575 (16.59%) 431 (13.42%) 354 (10.28%) <0.001

(@YD) 412 (13.95%) 486 (14.03%) 327 (10.18%) 256 (7.44%) <0.001

Hypertension 1275 (43.18%) 1621 (46.78%) 1312 (40.85%) 1229 (35.70%) <0.001

Medication use, N (%)

Antihypertensive drugs 897 (30.38%) 1239 (35.76%) 970 (30.20%) 920 (26.72%) <0.001

Lipoprotein-lowering drugs 513(17.37%) 793 (22.89%) 608 (18.93%) 613 (17.80%) <0.001

hypoglycemic drugs 341 (11.55%) 421 (12.15%) 326 (10.15%) 241 (7.00%) <0.001

Values are mean+SD, median [IQR] for skewed variables, or n (%) for categorical variables

Abbreviations OBS: Oxidative Balance Score; BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c, glycosylated hemoglobin; TC,
total cholesterol; HDL, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; DM, Diabetes mellitus; CVD, Cardiovascular diseases

Table 2 Pearson correlation between the OBS index and
cardiovascular risk factors

Table 3 Pearson correlation between the ePWV and
cardiovascular risk factors

OBS ePWV

R PValue R PValue
BMI, kg/m? -0.0854 <0.001 BMI, kg/m? 0.0221 0011
SBP, mmHg -0.0804 <0.001 SBP, mmHg 0.6640 <0.001
DBP, mmHg 0.0013 0.880 DBP, mmHg 0.1343 <0.001
HbA1¢% -0.0752 <0.001 HbA1c% 0.2456 <0.001
TC, mg/dL 0.0067 0442 TC, mg/dL 0.0858 <0.001
HDL-C, mg/dL 0.0723 <0.001 HDL-C, mg/dL 0.0701 <0.001

Pearson correlation analysis between OBS, ePWV, and
cardiovascular risk factors

Abbreviations OBS: Oxidative Balance Score; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin;

The Pearson correlation analysis of OBS, ePWYV, and car-
diovascular risk factors is presented in Tables 2 and 3.
The results demonstrate a negative correlation between
the OBS index and BMI, SBP, and HbAlc. Additionally,

HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol



Shi and Zhou Nutrition & Metabolism (2024) 21:61

a negative correlation is observed between the OBS index
and HDL-C; however, no significant correlation is found
with DBP and TC. Table 3 reveals that ePWV exhibits
significant correlations with BMI, SBP, DBP, HbAlc, TC,
and HDL-C.

Association between OBS and ePWV

We aim to investigate the potential impact of OBS on
ePWV employing a linear regression model that accounts
for various confounding factors. The association between
OBS and ePWYV is presented in Table 4. We observed a
significant negative correlation between OBS (Per 1SD
increase) and ePWYV in the gradually adjusted mod-
els. However, when OBS was utilized as a classification
variable in model 3, with Q1 group serving as the refer-
ence group, there was a gradual decrease in the /3 value
of ePWV across Q2, Q3, and Q4 groups. This finding
indicates a significant linear negative correlation (p for
trend<0.001). The dose-response relationship between
OBS and ePWYV is observed through the application of
a generalized additive model and fitting curve as visual
representations, which also demonstrate a linear negative
correlation (See Fig. 1).

Association between OBS and elevated ePWV
The results of the multivariate logistic regression model
in Table 5 indicate that there is no significant linear
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Table 4 The association between OBS and ePWV in diferent
models
OBS Index

ePWV, m/s, B (95%Cl)

Model 1 Model 2 Model 3

Per 1SD increase -0.10 (-0.13,-0.06)  -0.05 (-0.07, -0.04 (-0.05,
-0.04) -0.03)

Quartiles

Q1 (0to<11) 0 0 0

Q2 (11 to<19) 0.18 (0.06, 0.29) -0.06 (-0.10, -0.01 (-0.04,
-0.01) 0.02)

Q3 (19 to<24) -0.06 (-0.17, 0.06) -0.07 (-0.12, -0.05 (-0.08,
-0.02) -0.01)

Q4 (24to<37) -0.24 (-0.35,-0.12)  -0.13(-0.17, -0.09 (-0.12,
-0.08) -0.06)

P for trend <0.001 <0.001 <0.001

Model 1 was adjusted for none
Model 2 was adjusted for age, sex, BMI, race, poverty income ratio

Model 3 was adjusted for age, sex, BMI, race, poverty income ratio, SBP,
DBP, smoking status, HbAlc, CRP, TC, HDL, eGFR, DM, CVD, Hypertension,
antihypertensive drugs, Lipoprotein-lowering drugs, hypoglycemic drugs

correlation between OBS and elevated ePWV, even after
adjusting for all confounding factors. Comparing to
the OBS Q1 group, the odds ratios (OR) for elevated
ePWV in Q2-Q4 groups were 0.76 (95%CI:0.39-1.46),
0.57(95%CI:0.28-1.15), and 0.69 (95%CIL:0.33-1.45)
respectively; however, their corresponding 95% CI all
exceeded 1, indicating no statistical difference (p for
trend>0.05). The nonlinearity of the dose-response
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Fig. 1 Dose-response relationship between OBS and ePWV. Models were adjusted for age, sex, BMI, race, poverty income ratio, SBP, DBP, smoking status,
HbA1c, CRP TC, HDL, eGFR, DM, CVD, Hypertension, antihypertensive drugs, Lipoprotein-lowering drugs, hypoglycemic drugs
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Table 5 The association between OBS and elevated ePWV in
diferent models

OBS Index Event (%) Elevated ePWV, OR (95%ClI)
Model1 Model 2 Model 3

Per 1SD increase 3242 (24.80%) 0.91(0.88, 0.96(0.89, 0.81(0.62,
0.95) 1.05) 1.06)

Quartiles

Q1 (0to<11) 742 (25.13%) 1 1 1

Q2 (11 to<19) 999 (28.83%) 1.21(1.08, 1.02(0.82, 0.76(0.39,
1.35) 1.27) 1.46)

Q3 (19 to<24) 763 (23.75%) 0.93(0.83, 097(0.77, 0.57(0.28,
1.04) 1.22) 1.15)

Q4 (24 to<37) 738(21.43%) 0.81(0.72, 1.01(0.80, 069033,
0.91) 1.27) 1.45)

P for trend <0.0001 0.929 0.220

Model 1 was adjusted for none
Model 2 was adjusted for age, sex, BMI, race, poverty income ratio

Model 3 was adjusted for age, sex, BMI, race, poverty income ratio, SBP,
DBP, smoking status, HbAlc, CRP, TC, HDL, eGFR, DM, CVD, Hypertension,
antihypertensive drugs, Lipoprotein-lowering drugs, hypoglycemic drugs

relationship between OBS and elevated ePWYV, as
depicted in Fig. 2, is evident. Based on the aforemen-
tioned results, a two-piecewise logistic regression
adjusted model was subsequently employed to estab-
lish the association between OBS and elevated ePWV
(Table 6), and the inflection point was determined
as 5. The increased risk of elevated ePWV (OR:0.70;
95%CI:0.51-0.94) gradually decreases with the increase
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Table 6 Results of two-piecewise logistic regression model

OBS Index Elevated ePWV, OR (95%Cl)*, P
value

Unadjusted models

Inflection point (K) Adjusted

models*

0.70(0.51,
0.94)
P=0.019
1.00 (0.96,
1.04)
P=0.945
<0.001 0.028

Two-piecewise logistic regression model was used to calculate the threshold
effect of the OBS. If the log likelihood ratio test>0.05, it means the two-
piecewise logistic regression model is not superior to the single-line logistic
regression model

<5 1.11 (1.06, 1.17) P<0.0001

>5 0.98 (0.98,0.99) P<0.0001

P for log likelihood ratio test

*Adjusted for age, sex, BMI, race, poverty income ratio, SBP, DBP, smoking
status, HbAlc, CRP, TC, HDL, eGFR, DM, CVD, Hypertension, antihypertensive
drugs, Lipoprotein-lowering drugs, hypoglycemic drugs

of OBS on the left side of the inflection point; however,
when OBS exceeds 5, this decrease in risk of elevated
ePWV(OR:1.00; 95%CI1:0.96—1.04) is no longer observed
(P for log likelihood ratio test=0.028).

Discussion

In this extensive cross-sectional study involving Ameri-
can adults, we observed a significant association between
higher OBS levels and lower ePWV levels, while also not-
ing a non-linear L-shaped correlation between OBS and

0.5 0.6

0.4
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Adjusted log-ORs for elevated ePWV
0.2
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0 10

L ety e et
I I I |

20 30
OBS

Fig.2 Dose-response relationship between OBS and elevated ePWV . Models were adjusted for age, sex, BMI, race, poverty income ratio, SBP, DBP, smok-
ing status, HbA1c, CRP, TC, HDL, eGFR, DM, CVD, Hypertension, antihypertensive drugs, Lipoprotein-lowering drugs, hypoglycemic drugs
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arterial stiffness.The inflection point of OBS was also
determined to be 5, and it was observed that a significant
reduction in the risk of arterial stiffness occurred only
when OBS<5.

The relationship between OBS and ePWYV, as well as
arteriosclerosis, has not been investigated in previous
studies, with only one study assessing the impact of OBS
on cardiovascular events [17]. Titilayo’s team utilized the
chronic renal Insufficiency cohort to investigate the asso-
ciation between OBS and cardiovascular diseases (CVD).
The findings revealed that among 3233 CKD patients,
while an unadjusted original model demonstrated a pro-
tective effect of increased OBS on CVD, this relation-
ship was not observed in the fully adjusted model (P for
trend=0.93) [17]. The aforementioned research confirms
the absence of a linear association between OBS and
CVD; however, it does not delve into investigating any
potential nonlinear correlation between them. Therefore,
this study bridges the gap in the examination of OBS and
cardiovascular diseases by exploring their nonlinear rela-
tionship with arterial stiffness.

This study represents the first attempt to assess the
impact of oxidative stress-related exposure using OBS
as a comprehensive measurement method on ePWV in
American adults, classified ePWV was an indicator of
arterial stiffness. The impact of OBS elevation in vari-
ous disease states on diverse outcomes is not concur-
rent. We observed a consistent negative linear correlation
between OBS and ePWV levels, regardless of whether
they were treated as continuous or categorical variables.
Moreover, the effect size of ePWV decreased progres-
sively with increasing OBS levels. However, when con-
sidering elevated ePWV as a classified variable in the
disease, the benefits of increasing OBS are limited. The
results demonstrate a saturation effect OBS and elevated
ePWYV, with an cutoff point of OBS to be 5. On the left
side of the inflection point, there is a negative correlation
between OBS and elevated ePWV, while on the right side
of the inflection point, there is no association between
increased OBS and decreased arterial stiffness. There-
fore, in clinical practice, it is imperative to ascertain the
patients’ oxidative balance and provide efficacious dietary
and lifestyle guidance to further mitigate the incidence of
arterial stiffness.

With the increase of OBS, the mechanism of ePWV
level decrease may be due to the effective action of anti-
oxidants. The ePWYV is derived from a coefficient for-
mula incorporating age and blood vessel data, enabling
the estimation of blood vessel age. There is compelling
evidence suggesting the efficacy of OBS in mitigating
the aging process. A cross-sectional study conducted by
Zhang et al [20]. on a cohort of 3220 American adults
reveals a significant positive correlation between OBS
and telomere length, specifically observed in women
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only. Given the positive correlation between telomere
attrition and the heightened incidence of age-related dis-
eases [29-32], it is widely acknowledged that telomere
wear significantly contributes to increased morbidity
and mortality. Furthermore, this study demonstrates that
augmenting OBS levels can potentially modulate biologi-
cal aging and age-related diseases through regulation of
telomere length.

The current research also has certain limitations.
Firstly, the cross-sectional nature of the data poses chal-
lenges in establishing causality. Secondly, the dietary
composition of OBS is derived from self-reported
24-hour data, which may errors and deviations; that self-
reported data has been validated in published studies
[33]. Although the analysis has been adjusted for several
potential confounders, residual confounding is still likely.
Thirdly, we deleted more than 20,000 subjects with miss-
ing variables in this study, but the balance of data distri-
bution will not change the results of the study. Lastly, this
study lacks oxidative stress biomarkers to validate the
efficacy of OBS in assessing oxidation equilibrium.

Conclusions

In summary, there exists a significant association
between OBS and ePWYV in the context of American
adults. Specifically, OBS exhibits a negative correlation
with ePWYV; however, when considering an elevated
ePWYV, a saturation effect is observed in relation to OBS.
Notably, only when OBS<5 does an increase in OBS lev-
els demonstrate a protective impact on arterial stiffness.

Acknowledgements
A special thanks to all of the NHANES participants who freely gave their time
to make this and other studies possible.

Author contributions

YMS participated in literature search, study design, data collection, data
analysis, data interpretation, and wrote the manuscript. YMS and WZ
conceived of the study, and participated in its design, coordination, data
collection and analysis. WZ participated in study design and provided the
critical revision. All authors read and approved the final manuscript.

Funding
This work was supported by grants from Science and technology project of
Education Department of Jiangxi Province (No. GJJ210193).

Data availability
Publicly available datasets were analyzed in this study. This data can be found
here: https.//www.cdc.gov/nchs/nhanes/index.htm.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were
following the ethical standards of the institutional and national research
committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Informed consent
Informed consent was obtained from all individual participants included in
the study.


https://www.cdc.gov/nchs/nhanes/index.htm

Shi and Zhou Nutrition & Metabolism

(2024) 21:61

Competing interests
The authors declare no competing interests.

Received: 9 March 2024 / Accepted: 27 July 2024
Published online: 05 August 2024

References

1.

10.
1.

Vasan RS, Pan S, Xanthakis V, et al. Arterial stiffness and long-term risk

of Health outcomes: the Framingham Heart Study. Hypertension.
2022;79:1045-56.

Mitchell GF, Hwang SJ, Vasan RS, et al. Arterial stiffness and cardiovascular
events: the Framingham Heart Study. Circulation. 2010;121:505-11.

Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH guidelines for the
management of arterial hypertension: the Task Force for the management

of arterial hypertension of the European Society of Cardiology and the Euro-
pean Society of Hypertension: the Task Force for the management of arterial
hypertension of the European Society of Cardiology and the European
Society of Hypertension. J Hypertens. 2018;36:1953-2041.

Greve SV, Laurent S, Olsen MH. Estimated pulse Wave Velocity calculated from
Age and Mean arterial blood pressure. Pulse (Basel). 2017,4:175-9.

Greve SV, Blicher MK, Kruger R, et al. Estimated carotid-femoral pulse wave
velocity has similar predictive value as measured carotid-femoral pulse wave
velocity. J Hypertens. 2016;34:1279-89.

Shirwany NA, Zou MH. Arterial stiffness: a brief review. Acta Pharmacol Sin.
2010;31:1267-76.

Bloom S, Islam MT, Lesniewski LA, et al. Mechanisms and consequences of
endothelial cell senescence. Nat Rev Cardiol. 2023;20:38-51.

Barinda AJ, Ikeda K, Nugroho DB, et al. Endothelial progeria induces adipose
tissue senescence and impairs insulin sensitivity through senescence associ-
ated secretory phenotype. Nat Commun. 2020;11:481.

Kandhaya-Pillai R, Miro-Mur F, Alijotas-Reig J, et al. TNFa-senescence initiates
a STAT-dependent positive feedback loop, leading to a sustained interferon
signature, DNA damage, and cytokine secretion. Aging. 2017,9:2411-35.

Sies H. Oxidative stress: oxidants and antioxidants. Exp Physiol. 1997,82:291-5.
Goodman M, Bostick RM, Dash C, et al. A summary measure of pro- and anti-
oxidant exposures and risk of incident, sporadic, colorectal adenomas. Cancer
Causes Control. 2008;19:1051-64.

Van Hoydonck PG, Temme EH, Schouten EG. A dietary oxidative balance
score of vitamin C, beta-carotene and iron intakes and mortality risk in male
smoking belgians. J Nutr. 2002;132:756-61.

Wang T, Goodman M, Sun YV, et al. DNA base excision repair genetic risk
scores, oxidative balance, and incident, sporadic colorectal adenoma. Mol
Carcinog. 2017;56:1642-52.

Park YM, Shivappa N, Petimar J, et al. Dietary inflammatory potential, oxidative
balance score, and risk of breast cancer: findings from the Sister Study. Int J
Cancer. 2021;149:615-26.

Golmohammadi M, Ayremlou P, Zarrin R. Higher oxidative balance score is
associated with better glycemic control among Iranian adults with type-2
diabetes. Int J Vitam Nutr Res. 2021;91:31-9.

Lee JH, Joo YB, Han M, et al. Relationship between oxidative balance score
and quality of life in patients with osteoarthritis: data from the Korea National
Health and Nutrition Examination Survey (2014-2015). Med (Baltim).
2019;98:216355.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 8 of 8

lori TO, Wang X, Huang M, et al. Oxidative balance score and the risk

of end-stage Renal Disease and Cardiovascular Disease. Am J Nephrol.
2017;45:338-45.

Borrud L, Chiappa MM, Burt VL, et al. National Health and Nutrition Examina-
tion Survey: national youth fitness survey plan, operations, and analysis, 2012.
Vital Health Stat. 2014;2:1-24.

Curtin LR, Mohadjer LK, Dohrmann SM, et al. National Health and Nutri-
tion Examination Survey: sample design, 2007-2010. Vital Health Stat.
2013;2:1-23.

Zhang W, Peng SF, Chen L, et al. Association between the oxidative balance
score and telomere length from the National Health and Nutrition Examina-
tion Survey 1999-2002. Oxid Med Cell Longev. 2022;2022:1345071.
Determinants of pulse wave velocity. In healthy people and in the presence
of cardiovascular risk factors: ‘establishing normal and reference values’ Eur
Heart J. 2010;31:2338-50.

Schultz MG, Picone DS, Armstrong MK, et al. The influence of SBP ampli-
fication on the accuracy of form-factor-derived mean arterial pressure. J
Hypertens. 2020;38:1033-9.

Papaioannou TG, Protogerou AD, Vrachatis D, et al. Mean arterial pressure
values calculated using seven different methods and their associations with
target organ deterioration in a single-center study of 1878 individuals. Hyper-
tens Res. 2016;39:640-7.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomeru-
lar filtration rate. Ann Intern Med. 2009;150:604-12.

Standards of medical care in diabetes-2010. Diabetes Care. 2010;33(Suppl
1)S11-61.

Reboussin DM, Allen NB, Griswold ME, et al. NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pres-
sure in Adults: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. Circulation.
2018;138:2595-595616.

Heron M, Deaths. Leading causes for 2011. Natl Vital Stat Rep. 2015;64:1-96.
Mostl S, Hoffmann F, Honemann JN, et al. Utility of estimated pulse wave
velocity for assessing vascular stiffness: comparison of methods. Elife.
2022;11:e73428.

Shay JW. Role of telomeres and telomerase in aging and Cancer. Cancer
Discov. 2016;6:584-93.

Ennour-Idrissi K, Maunsell E, Diorio C. Telomere length and breast Cancer
prognosis: a systematic review. Cancer Epidemiol Biomarkers Prev.
2017;26:3-10.

Haycock PC, Heydon EE, Kaptoge S, et al. Leucocyte telomere length and
risk of cardiovascular disease: systematic review and meta-analysis. BMJ.
2014;349:g4227.

Zhao J, Zhu Y, Lin J, et al. Short leukocyte telomere length predicts risk

of diabetes in American indians: the strong heart family study. Diabetes.
2014,63:354-62.

Knlppel S, Norman K, Boeing H. Is a single 24-hour Dietary recall per person
sufficient to Estimate the Population distribution of Usual Dietary Intake. J
Nutr. 2019;149:1491-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between the oxidative balance score and estimated pulse wave velocity from the National Health and Nutrition Examination Survey (2005–2018)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source and participants
	﻿Definition of the OBS and ePWV
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Demographic and clinical characteristics of the study population
	﻿Pearson correlation analysis between OBS, ePWV, and cardiovascular risk factors
	﻿Association between OBS and ePWV
	﻿Association between OBS and elevated ePWV

	﻿Discussion
	﻿Conclusions
	﻿References


