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Abstract

Background Oxidative Balance Scores (OBS) is composite measures that assess the balance between pro-oxidant
and antioxidant factors in an individual’s diet and lifestyle. Evidence on OBS and cardiovascular disease (CVD) in
diabetic patients is scarce. This study investigates the potential association between OBS and CVD-prevalence and
all-cause and CVD-related mortality in adult diabetic patients.

Methods Participants were selected from the National Health and Nutrition Examination Survey (NHANES) 2007-
2018. OBS-related data collection was initiated by linking the National Death Index to determine mortality due to
all-cause and cardiovascular disease until December 31, 2019. Weighted logistic regression analyses explored the
relationship between OBS and CVD. In addition, multivariable Cox proportional risk regression models and Kaplan—
Meier curves were used to determine the correlation between OBS and mortality, with time to event as the time
variable, as well as to estimate hazard ratios (HR) and 95% confidence interval (Cl).

Results A total of 3491 participants were included in the final analysis. Weighted logistic regression analysis of the
relationship between OBS and CVD prevalence found that higher OBS was not associated with CVD prevalence
compared with lower levels after fully adjustment in model 3 (OR: 0.82, 95% Cl: 0.51-1.31, P=0.39). During 3,491
person-years of follow-up, 408 deaths were recorded, of which 105 deaths were attributed to CVD. In fully adjusted
model 3, participants in the highest quartile of OBS had significant reductions in all-cause mortality of 53% [HR: 0.47,
95% Cl: 0.29-0.77), Py,ong= 0.002] and in cardiovascular disease mortality of 78% [HR: 0.22, 95% Cl: 0.08-0.56), Py;eng=
0.004], compared with the lowest quartile groups of OBS. The Kaplan—Meier analysis results showed that participants
in the highest quartile of OBS had the lowest risk of all-cause and CVD-related mortality and were statistically different
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mortality in patients with DM.
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Participants in the highest OBS quartile had the lowest risk of
all-cause mortality and cardiovascular disease-related mortality

(P<0.05). Subgroup analysis confirmed that P for interaction was significant only concerning the educational level
attained and in individuals with a history of CKD (P<0.05).

Conclusions Although OBS wasn't very useful for assessing CVD prevalence outcomes, higher OBS was significantly
associated with lower all-cause and CVD-related mortality, suggesting that maintaining adequate OBS may reduce

Association between OBS and mortality in adults with Type 2 Diabetes from NHANES (2007-2018)
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Introduction

In recent decades, the global prevalence of diabetes mel-
litus (DM), a complex, chronic metabolic disease, has
been steadily increasing [1]. The number of adults with
DM is estimated to increase to 693 million by 2045 [2],
making it a global public health concern. Individuals with
DM have a two- to four-fold higher risk of cardiovas-
cular disease (CVD) and death than those without DM
[3]. Moreover, CVD remains the leading cause of death
in patients with type 2 DM (T2DM); therefore, to delay
the onset of complications related to DM, underappreci-
ated risk factors must be identified early in patients with
T2DM and strategies for prompt intervention should be
developed urgently to reduce the risk of CVD in patients
with DM [4].

An imbalance between oxidant production and anti-
oxidant activity in cells and plasma generates oxidative
stress, which is the underlying mechanism involved in the
development of T2DM and its complications [5]. Oxidant
overproduction results from mitochondrial dysfunction
and overactivation of NADPH oxidase [6]. In the diabetic
state, increased oxidative stress may accelerate the onset
of complications through excess glucose and free fatty
acid metabolism [7], necessitating early recognition and
prompt intervention. However, various dietary compo-
nents, tobacco use, alcohol consumption, and physical
activity all influence the level of oxidative stress in vivo,
so it is reasonable to consider multiple factors in assess-
ing the impact of the entire oxidative/antioxidant system.

Oxidative Balance Score (OBS), developed as a compre-
hensive diet and lifestyle assessment tool, estimates the
overall oxidative stress exposure to capture the effects of
various dietary patterns and lifestyles on the entire oxida-
tive/antioxidant system [8].

The OBS is calculated using 16 nutrients and four life-
style factors, including five pro-oxidant and 15 antioxi-
dant exposures [9]. Data related to the dietary intakes of
16 nutrients, including dietary fiber, carotene, riboflavin,
niacin, vitamin B6, total folate, vitamin B12, vitamin C,
vitamin E, calcium, magnesium, zinc, copper, selenium,
total fat, and iron, are obtained from the first dietary
review interview. The main lifestyle factors comprise
physical activity, alcohol consumption, body mass index
(BMI), and smoking, which is measured as the degree of
tobacco use expressed in terms of cotinine. Of these, total
fat, iron, BMI, alcohol consumption, and smoking are
considered pro-oxidants, and the rest are antioxidants
[8]. Based on the above compositional calculations, a
higher OBS value indicates that there are more antioxi-
dants present than pro-oxidants. This suggests that the
substance with the higher OBS value is better at neutral-
izing harmful free radicals and protecting against oxida-
tive stress. Furthermore, people with high OBS are less
likely to develop DM [10, 11]. At the same time, Iranian
adults with type-2 diabetes with higher OBS have bet-
ter glycemic control [12], suggesting a close relationship
between OBS and the development of DM. A large pro-
spective cohort showed that higher OBS was associated
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with a lower risk of all-cause mortality and mortality
from cancer and non-cancer causes [13]. However, the
potential relationship between OBS and CVD-prevalence
and all-cause and CVD-related mortality in patients with
DM remains to be elucidated.

Herein, we examined the association between OBS
and CVD-prevalence and all-cause and CVD-related
mortality in patients with T2DM who participated in
the National Health and Nutrition Examination Survey
(NHANES) between 2007 and 2018.

Methods

Study population

The NHANES is a nationally representative survey of the
United States. A project of the National Center for Health
Statistics (NCHS) Study, approved and sponsored by the
Centers for Disease Control and Prevention, NHANES
is designed to assess the health and nutritional status of
noninstitutionalized US civilians. This survey uses a com-
plex multistage probability sampling procedure to collect
data every 2-year cycle, and the five major components
include demographic, dietary, examination, laboratory,
and questionnaire data. NHANES was reviewed and
approved by the NCHS Research Ethics Review Board,
and informed consent was obtained from all participants.
The NHANES data are publicly available, and for more
information about how the survey data are collected and
analyzed, see https://www.cdc.gov/nchs/nhanes.

To conduct this study, we included adults with DM
aged between 20 and 80 years who had completed an
OBS assessment and for whom follow-up data from six
consecutive cycles of NHANES from 2007 to 2018 were
available. Details of the sampling and exclusion criteria
for the current study are shown in Fig. 1. A total of 59,842
participants were initially enrolled, of whom 28,676 were

NHANES 2007-2018
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aged <20 years or >80 years. After excluding participants
with missing OBS components (2=13,939), missing data
on covariates (n7=314), missing data on CVD (#=2), and
the nondiabetic population (#=13,420), the final sample
consisted of 3,491 adults (Fig. 1).

Calculation of OBSs

Briefly, the overall OBS was calculated by combining the
individual scores of each variable, i.e., 16 dietary and four
lifestyle components of OBS [8], with higher OBS scores
indicating more significant antioxidant exposure. We
used the cotinine test that is used to estimate smoking
to measure tobacco use and exposure to environmental
tobacco smoke. In addition, the participants were cat-
egorized based on the level of alcohol consumption as
nondrinkers, nonheavy drinkers (0-15 g/d for women
and 0-30 g/d for men), and heavy drinkers (=15 g/d for
women and 230 g/d for men) with scores of 2, 1, and
0, respectively [8]. Based on gender, the other compo-
nents were grouped in thirds. The antioxidant group was
assigned scores of 0, 1, and 2 from tertile 1 to tertile 3,
respectively, whereas in the pro-oxidant group, tertile
3 was assigned a score of 0, and tertile 1 was assigned a
score of 2 [8, 14]. Furthermore, based on OBS quartiles,
the lowest quartile was used in the weighted logistic
regression model for comparison.

Evaluation of DM

There were six diagnostic criteria for DM: previous
diagnosis of DM by a physician, fasting glucose>7.0
mmol/L, random blood glucose>11.1 mmol/L, 2-h oral
glucose tolerance test=11.1 mmol/L, glycated hemoglo-
bin (HbA1lc)>6.5%, and use of DM medication or insulin
[11].

(n=59842)

Excluded: Participants with age<20
& age>80(n=28676)

Missing dietary and lifestyle OBS
components’ data(n=13939)

Participants with data on
OBS(n=17227)

Missing data in covariates(n=314)
Missing CVD data(n=2)

Participants with data on
follow-up time(n=16911)

Excluded: Participants with no
diabetes (n=13420)

Participants were included
in final analysis
(n=3491)

Fig. 1 Flow chart of study participants
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Covariates

We selected covariates that may be potential confounders
in the association between OBS and DM based on exist-
ing literature and clinical considerations. Data were col-
lected through household interviews performed using a
standardized questionnaire on age, sex, race, education
level, marital status, poverty-to-income ratio, dietary
energy intake, smoking status, physical activity, disease
status, and substance use.

We categorized race as non-Hispanic white, non-
Hispanic black, Mexican American, and others. Educa-
tional attainment was categorized as <12 years or =12
years based on the number of academic years. Marital
status was categorized as divorced, separated, widowed,
married, living with a partner, and never married. The
poverty-to-income ratio, which is the total household
income divided by the poverty threshold, is an indica-
tor of poverty status. It is categorized into three catego-
ries according to the analysis guide: <1.3, 1.3-3.5, and
>3.519, There were three categories of smoking status:
never smoked, former smoker, and current smoker. Aero-
bic physical activity was classified into three categories
based on the US Physical Activity Guidelines 2018 [16]:
low (<150 min/week), moderate (150—-300 min/week),
and high (>300 min/week). The use of insulin or oral
hypoglycemic agents indicated drug use. In addition,
serum cholesterol (mmol/L), triglycerides (mmol/L),
and glycated hemoglobin were measured at baseline
when participants provided blood samples. By dividing
body weight by height squared, BMI was calculated and
categorized as normal weight (<25 kg/m?), overweight
(25-30 kg/m?), and obese (>30 kg/m?). Comorbidi-
ties included hypertension, hyperlipidemia, and chronic
kidney disease (CKD). Hypertension was defined as a
systolic blood pressure>140 mmHg or diastolic blood
pressure>90 mmHg after at least three measurements,
use of antihypertensive medications, and a diagnosis of
hypertension reported by the patient or physician [17].
Hyperlipidemia was defined as total cholesterol 2200 mg/
dL (mg/dL), triglycerides>150 mg/dL, LDL>130 mg/
dL, and HDL <40 mg/dL [18]. Alternatively, participants
reporting the use of lipid-lowering medications were
classified as having hyperlipidemia. CKD was identified
by a urinary albumin-to-creatinine ratio =30 mg/g and/or
eGFR<60 mL/min/1.73 m? [19].

Outcome variable selections

The outcomes selected in this study were CVD-prev-
alence and all-cause and CVD-related mortality. A
combination of self-reported physician diagnosis and
standardized health status or medical history question-
naires from personal interviews was used to determine
whether a patient had CVD [20]. The participants were
asked, “Has a doctor or other health professional ever
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told you that you have had a heart attack/coronary heart
disease/angina/congestive heart failure/stroke?” A per-
son was regarded as having CVD if they replied “yes”
to any of the above questions. OBS-related data collec-
tion was initiated by linking the National Death Index to
determine mortality due to all-cause and cardiovascu-
lar disease until December 31, 2019. The International
Classification of Diseases (ICD)-10 (codes 100-109, 111,
113, 120-I51, or 160-169) were used to determine CVD-
related mortality. The NCHS website provides the “2019
Public Use-Related Mortality File” (https://www.cdc.gov/
nchs/data-linkage/mortality-public.htm). Furthermore,
participants without a matching death record throughout
the follow-up period were considered alive.

Statistical analysis

All statistical analyses were performed with R software
(version 4.3.2) and conducted according to the NHANES
analysis guidelines, owing to the complexity of the
NHANES sampling design [15]. To calculate the 12-year
sampling weights using one-sixth of the 2-year sampling
weights (WTMEC2YR), we combined data from six con-
tinuous cycles of the survey. Study participants were cat-
egorized into four groups based on quartiles (Q1-Q4)
of OBS, Q1 (OBS, 4-14), Q2 (OBS, 14-20), Q3 (OBS,
20-26), and Q4 (OBS, 26—36). Weighted means and stan-
dard errors were presented for continuous variables, and
frequency plus weighted percentages were presented
for categorical variables. Baseline characteristics of OBS
quartile groups were compared using a one-way analy-
sis of variance for continuous variables and Pearson chi-
square tests for categorical variables. Weighted logistic
regression analyses explored the relationship between
overall OBS, dietary OBS, lifestyle OBS, and CVD. Three
analytic models were developed to eliminate the effects of
covariates: model 1 was unadjusted; model 2 was adjusted
for age, race, and sex; and model 3 was adjusted for age,
sex, race, education, marital status, poverty, total energy
intake, smoking status, total cholesterol, triglycerides,
HbA1lc, BMI, history of hypertension, hyperlipidemia, or
CKD, and hypoglycemic drug use. In addition, restricted
cubic spline and smoothed curve fitting (penalized spline
method) were used to assess the nonlinear relationship
between OBS and CVD. In addition, multivariable Cox
proportional risk regression models and Kaplan—Meier
curves were used to determine the correlation between
OBS and mortality, with time to event as the time vari-
able, as well as to estimate hazard ratios (HRs) and 95%
confidence interval (CI). Stratified analyses were used
to evaluate the differences in the baseline characteris-
tics of the selected participants. We stratified data based
on sex, age (<60 or 260 years), BMI (<25.00 or >25.00),
race (white, black, Mexican, or other), education (<12 or
212), poverty level (low, middle, or high), HbAlc (<7 or
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>7), hyperglycemic drug use, history of hypertension,
hyperlipidemia, or CKD, and CVD subtypes (angina,
stroke, heart attack, coronary heart disease, and conges-
tive heart failure). All statistical tests were two-sided, and
statistical significance was set at P<0.05.

Results

Baseline characteristics of study participants

Table 1 shows the baseline characteristics of study par-
ticipants (n=3491) based on OBS quartiles. The 3,491
NHANES participants (mean age, 56.12 years; male:
56.86%) with valid OBSs represent approximately
21.49 million noninstitutionalized US residents. Individ-
uals with higher OBS levels were more likely to be mar-
ried, less likely to be non-Hispanic black, and less likely
to be obese or currently smoking than those in the low-
est quartile. They also reported higher levels of educa-
tion, household income, total energy intake, and physical
activity.

Relationship between OBS and the risk of CVD
Table 2 shows the logistic regression-based correlation
between OBS and the risk of CVD. We found that par-
ticipants in the highest quartile of OBS and dietary OBS
in unadjusted model 1 had lower CVD risk (odds ratio
[OR]: 0.60, 95% CI: 0.44-0.82, P<0.002; OR: 0.63, 95%
CI: 0.48-0.82, P<0.001). In model 2, partially adjusted
for potential confounding variables, the association was
found to remain significant; the risk of CVD was lower
in the highest quartile of OBS, dietary OBS, and life-
style OBS when compared to the lowest quartile of OBS
(OR: 0.59, 95% CI: 0.41-0.84, P=0.004; OR: 0.67, 95% CI:
0.49-0.92, P=0.01; OR:0.44, 95% CI:0.30—0.64, P<0.001).
However, after full adjustment in model 3, none of the
highest quartiles of OBS, dietary OBS, and lifestyle OBS
were associated with risk of CVD compared with the
lowest quartile of OBS (OR: 0.82, 95% CI: 0.51-1.31,
P=0.39; OR: 0.80, 95% CI: 0.52-1.23, P=0.31; OR: 0.99,
95% CI: 0.54-1.79, P=0.96). Moreover, no statistically
significant difference was observed in p for trend (Py,.pq)
for any of the three OBSs (P=0.424; P=0.335; P=0.671).
Restricted cubic splines showed a negative linear trend
in the association between the risk of CVD and OBS,
dietary OBS, and lifestyle OBS (P for nonlinearity=0.134;
P for nonlinearity=0.176; P for nonlinearity=0.799;
Fig. 2).

OBS and mortality risk

During the 22,316 person-years of follow-up in NHANES
2007-2018 (median follow-up time of 6.11 years), 408
deaths were recorded, of which 105 deaths were attrib-
uted to CVD. We constructed three Cox regression mod-
els to investigate independent correlations between the
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mortality risk and OBS, dietary OBS, and lifestyle OBS,
respectively.

As shown in Table 3 in unadjusted model 1, partici-
pants in the highest quartile groups of total OBS and
dietary OBS had a significant reduction in risk of all-
cause mortality by 57% and 60%, respectively, and in risk
of CVD-related mortality by 75% and 67%, respectively
when compared to the lowest quartile groups of total
OBS and dietary OBS, with all P,,,4<0.0001; however,
this was not observed in the lifestyle OBS. In partially
adjusted model 2, all-cause and CVD-related mortal-
ity decreased significantly with increasing total OBS and
dietary OBS; however, in the highest quartile of the pop-
ulation with lifestyle OBS, all-cause mortality (HR [95%
CIJ: 0.65 [0.47,0.91]), Peng =0.003, CVD-related mortal-
ity (HR [95% CI]: 0.67 [0.36,1.24]), P, ,q =0.203. In fully
adjusted model 3, participants in the highest quartile of
total OBS and dietary OBS had significant reductions in
all-cause mortality of 53% [HR: 0.47, 95% CI: 0.29-0.77),
Pieng= 0.002] and 48% [HR: 0.52, 95% CI: 0.32-0.84),
Pieng= 0.013] and in cardiovascular disease mortality of
78% [HR: 0.22, 95% CI: 0.08—-0.56), P,,.,q= 0.004] and 62%
[HR: 0.38, 95% CI: 0.15-0.96), P\, ,q= 0.047], respectively,
compared with the lowest quartile groups of total OBS
and dietary OBS, with statistically significant differences
in Py however, in the highest quartile of the popula-
tion with lifestyle OBS all-cause mortality HR (95% CI):
0.51 (0.29,0.89), P,.,q=0.012, CVD mortality HR (95%
CI): 0.49 (0.21,1.13), P,,.,4=0.066.

The Kaplan—Meier analysis results showed that par-
ticipants in the highest quartile of OBS and dietary OBS
had the lowest risk of all-cause and CVD-related mortal-
ity and were statistically different (shown in Fig. 3), which
was not observed in lifestyle OBS.

Stratified analyses

Data were stratified according to age, gender, race, edu-
cation, poverty level, HbAlc, hyperglycemic drug use,
hypertension, hyperlipidemia, CKD, and CVD into sub-
groups, as shown in Table 4. Our results showed that
OBS was negatively associated with all-cause mortality in
group Q4, especially among participants aged 260 years,
men, non-Hispanic whites, individuals with low-to-mid-
dle income, those with HbAlc>7, those who used medi-
cations for DM, and those with a history of hypertension,
hyperlipidemia, or CKD. In addition, OBS was negatively
associated with CVD mortality in the Q4 group, espe-
cially among participants aged>60 years, women, non-
Hispanic whites, middle-income individuals, those with
HbAlc>7, those who used medications for DM, those
with a history of hypertension or hyperlipidemia, and
those who had no previous strokes, cardiac events, or
coronary heart disease. P for interaction was significant
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Table 1 The baseline characteristics by quartiles of the OBS: NHANES 2007-2018

Characteristic Total Q1[4,14] Q2[14, 20] Q3[20, 26] Q4 [26, 36] P
n=3491 n=882 n=932 n=970 n=707 value
Age (years) 56.12(0.34) 56.29(0.79) 55.97(0.57) 55.67(0.54) 56.75(0.59) 0.54
Sex, n (%) 0.88
Female 1504(43.14) 355(20.32) 417(26.77) 430(30.76) 302(22.15)
Male 1987(56.86) 527(19.93) 515(26.50) 540(29.65) 405(23.91)
Race, n (%) <0.0001
Non-Hispanic White 1417(67.66) 331(18.12) 368(26.67) 417(30.62) 301(24.59)
Non-Hispanic Black 781(11.32) 269(33.41) 217(27.54) 173(23.49) 22(15.56)
Mexican American 569(8.58) 120(18.72) 154(26.22) 162(30.76) 33(24.31)
Other 724(12.44) 162(19.73) 93(25.79) 218(33.03) 51(21.45)
Education level, n (%) <0.0001
<12 1718(41.86) 539(26.12) 477(28.03) 423(27.35) 279(18.51)
>12 1773(58.14) 343(15.77) 455(25.61) 547(32.13) 428(26.49)
Marital status, n (%) 0.004
Divorced 449(1 245) 116(21.05) 135(30.01) 114(28.20) 84(20.74)
Separated 23(2.171) 31(25.15) 37(27.46) 33(31.30) 22(16.09)
Widowed 352(839) 109(25.30) 90(22.95) 86(28.71) 67(23.03)
Married 2012(61.56) 450(17.04) 535(27.43) 593(31.41) 434(24.12)
Living with a partner 184(5.49) 62(31.62) 33(14.54) 53(29.68) 36(24.15)
Never married 371(10.01) 114(26.00) 102(26.92) 91(25.83) 64(21.25)
Poverty, n (%) <0.0001
<13 1071(19.67) 363(32.76) 298(26.80) 262(26.08) 148(14.35)
1.3-0.35 1381(37.57) 342(21.59) 381(27.68) 374(28.68) 284(22.05)
>35 1039(42.76) 177(12.97) 253(25.60) 334(33.26) 275(28.17)
Total energy intake (kcal) 2074.19(20.17) 1383.55(25.60) 1846.50(29.47) 2260.92(33.57) 2692.70(53.47) <0.0001
Smoking status, n (%) <0.001
Former 1142(34.89) 300(21.21) 296(25.42) 307(29.14) 239(24.23)
Never 1768(49.59) 386(17.33) 468(26.69) 509(30.26) 405(25.72)
Now 579(15.48) 195(26.38) 167(29.07) 154(32.00) 63(12.54)
TG (mg/dL) 180.64(3.55) 180.39(6.01) 178.95(7.83) 191.42(6.64) 168.75(6.49) 0.08
TC (mg/dL) 188.97(1.25) 188.52(2.39) 191.04(2.13) 188.03(1.92) 188.22(2.23) 0.71
HbATc (%) 6.60(0.04) 6.69(0.06) 6.64(0.07) 6.56(0.06) 6.51(0.07) 0.16
BMI (kg/m?) 0.003
<25 489(12.67) 116(17.68) 106(22.56) 136(26.89) 131(32.87)
25-30 1069(29.43) 248(17.54) 275(26.24) 301(30.78) 245(25.43)
>30 1933(57.91) 518(21.93) 551(27.70) 533(30.50) 331(19.86)
Hypertension, n (%) 0.24
No 1249(38.01) 285(19.25) 334(25.56) 359(29.44) 271(25.75)
Yes 2242(61.99) 597(20.63) 598(27.27) 611(30.55) 436(21.55)
Hyperlipidemia, n (%) 0.72
No 498(13.54) 120(19.20) 134(26.55) 124(28.51) 120(25.75)
Yes 2993(86.46) 762(20.24) 798(26.63) 846(30.38) 587(22.74)
CKD, n (%) <0.001
No 464(11.77) 159(30.18) 120(26.91) 114(27.54) 71(15.37)
Yes 3027(88.23) 723(18.76) 812(26.58) 856(30.47) 636(24.19)
Hypoglycemic drugs 0.84
No 685(19.03) 166(19.74) 183(28.04) 190(28.58) 146(23.65)
Yes 2806(80.97) 716(20.19) 749(26.29) 780(30.49) 561(23.03)
Physical Activity, n (%) 0.02
Low 830(22.49) 256(24.35) 238(28.93) 214(29.21) 122(17.51)
Moderate 683(19.54) 171(21.09) 174(27.36) 195(30.12) 143(21.43)

High 1978(57.97) 455(18.12) 520(25.48) 561(30.49) 442(25.92)
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Table 1 (continued)
Characteristic Total Q1 1[4, 14] Q2[14, 20] Q3[20, 26] Q4 [26, 36] P
n=3491 n=882 n=932 n=970 n=707 value
OBS. dietary 16.69(0.17) 7.40(0.10) 13.68(0.09) 19.37(0.09) 24.75(0.10) <0.0001
OBS. lifestyle 4.19(0.04) 3.75(0.06) 4.08(0.06) 4.20(0.06) 4.68(0.06) <0.0001
Abbreviations TG, triglycerides; TC, total cholesterol; HbAlc, hemoglobin Alc; BMI, body mass index; Date are presented as mean (SE) or n (%)
Table 2 Weighted logistic regression analysis models showing the associations between OBS and CVD
Model 1 Model 2 Model 3
OR 95%Cl P value OR 95%Cl P value OR 95%Cl Pvalue
OBS Quiartile
Q1 Ref Ref Ref
Q2 0.57(0.41,0.78) <0.001 0.57(0.40,0.81) 0.002 0.67(0.47,0.95) 0.03
Q3 0.57(0:42,0.77) <0.001 0.58(0.42,0.79) <0.001 0.67(0.46,0.99) 0.04
Q4 0.60(0.44,0.82) 0.002 0.59(0.41,0.84) 0.004 0.82(0.51,1.31) 039
p for trend 0.004 0.009 0424
OBS. dietary Quartile
Q1 Ref Ref Ref
Q2 0.67(0.47,0.96) 0.03 0.66(0.45,0.97) 0.03 0.72(0.49,1.04) 0.08
Q3 0.57(0.41,0.79) <0.001 0.58(0.41,0.83) 0.003 0.63(0.41,0.97) 0.04
Q4 0.63(0.48,0.82) <0.001 0.67(0.49,0.92) 0.01 0.80(0.52,1.23) 031
p for trend 0.002 0.024 0.335
OBS. lifestyle Quartile
Q1 Ref Ref Ref
Q2 0.82(0.58,1.16) 0.27 0.69(0.49,0.99) 0.04 0.91(0.63,1.32) 0.61
Q3 1.04(0.78,1.38) 0.80 0.77(0.57,1.06) 0.10 1.13(0.75,1.70) 0.55
Q4 0.75(0.52,1.07) 0.11 0.44(0.30,0.64) <0.0001 0.99(0.54,1.79) 0.96
p for trend 0452 <0.001 0.671

Model 1: Unadjusted model
Model 2: Adjusted for age, sex, and race

Model 3: Additionally adjusted for education, marital status, poverty, total energy intake, smoking status, total cholesterol, triglycerides, HbA1lc, BMI, history of
hypertension, history of hyperlipidemia, history of CKD, and hypoglycemic drugs

The specific range for the quantiles is consistent with Table 1

only concerning the educational level attained and in
individuals with a history of CKD.

Discussion

To our knowledge, this is the first study to use OBS to
examine the relationship between the oxidative/anti-
oxidant system and CVD prevalence and CVD-related
mortality in patients with DM. In the weighted logistic
regression fully corrected model, no statistically signifi-
cant association was observed between OBS and CVD
prevalence in patients with DM. However, restricted
cubic spline curves showed a negative linear trend in
the correlation between the three types of OBS and the
CVD risk. Furthermore, high OBSs are associated with
reduced risks of developing diabetes [10, 11], stroke [14],
nonalcoholic fatty liver disease [21], and gastric cancer
[22]. Researchers in South Korea [23] found that indi-
viduals with higher OBSs had a lower risk of developing
new-onset hypertension, while another study using data
from the NHANES 2005 to 2018 in which adult popula-
tion reported that increased risk of overall and specific

CVD was associated with decreased OBSs [24], sug-
gesting that OBS as an oxidative/antioxidant indicator is
related to the prevalence of CVDs and that higher OBS is
associated with a lower risk of CVD. Moreover, the fact
that only diabetic populations were included in our study
may explain this discrepancy.

A growing body of evidence supports that higher
intakes of dietary fiber [25], riboflavin [26], carotenoids
[27], vitamin C [28, 29], and vitamin E [30, 31], as well
as regular physical activity [32, 33], may reduce oxida-
tive stress. Conversely, pro-oxidant factors, including
iron [34, 35] intake, obesity [36], smoking [37], and alco-
hol intake [38, 39], increase the production of reactive
oxygen species (ROS) and accelerate oxidative stress-
induced cellular damage. We know that oxidative stress
occurs when the amount of ROS exceeds the neutral-
izing capacity of antioxidants [40]. Caturano et al. [41]
showed that the pathogenesis and progression of diabe-
tes mellitus and its complications are closely associated
with oxidative stress and that dietary strategies to com-
bat oxidative stress include increased consumption of
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oxidative balance score; OR, odds ratio

carotenoids, which not only stimulates the immune sys-
tem but also contributes to ROS elimination by activating
the nuclear factor erythroid 2-related factor 2 (NRF2). In
addition, lycopene ameliorates T2DM by activating anti-
oxidant systems such as superoxide dismutase and glu-
tathione peroxidase [42], and vitamin E activates NRF2
and heat shock proteins and protects cell membranes
from ROS while downregulating nuclear factor-kappa B
(NF-kB) [43]. Therefore, in patients with DM, oxidative
stress assessment becomes imperative. The relationship
between OBS and mortality in diabetic populations has
not been examined thus far, with previous studies exam-
ining only the relationship between a single OBS compo-
nent and mortality. The results showed that high dietary
intakes, and/or blood levels of vitamin C, carotenoids,
and a-tocopherol (markers of fruit and vegetable con-
sumption) were associated with lower cardiovascular dis-
ease, and mortality risks [44]. Liu et al. [45] investigated
the relationship between serum folate and vitamin B12
concentrations and CVD-related mortality in patients
with T2DM. Wang et al. [46] investigated the associa-
tion between cobalamin intake and related biomarkers
and the risk of mortality in patients with T2DM. Still,
we know that single-component pro-oxidants or antioxi-
dants may have antagonistic and synergistic interactions
in the organism that do not necessarily truly reflect the
overall antioxidant profile. As a result, we used OBS in

this study to determine overall oxidative/antioxidant bal-
ance, which may be a better indicator of oxidative stress
status.

DM is one of the crucial independent risk factors for
CVD, and patients with DM and pre-diabetes account
for almost 65% of all CVD-related deaths [47]. Accord-
ing to a large prospective cohort study, higher OBS may
decrease the risk of premature all-cause and cancer-
related mortality by balancing anti-oxidant and pro-oxi-
dant lifestyle exposures [13]. To examine the impact of
OBSs on all-cause and CVD-related mortality in patients
with DM, we analyzed the association between OBSs and
both types of mortality. Fully adjusted model 3 showed
reduced all-cause and CVD mortality among diabetic
patients with higher total and dietary OBS. In the K-M
analysis, participants in the highest quartile of OBS and
dietary OBS had the lowest all-cause and CVD mortal-
ity, suggesting that dietary and lifestyle interventions may
reduce the risk of CVD-related mortality by improving
the antioxidant capacity of an individual. According to
one study, older women with higher lifestyle OBS had
lower all-cause, all-CVD, and all-cancer mortality [48].
However, the OBS in their study included 11 dietary
components and 4 lifestyle components (physical activity,
obesity, alcohol, and smoking). In contrast, we assessed
the antioxidant capacity using a more comprehensive
tool in our study, which evaluated OBS related to 16
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Fig. 3 Kaplan-Meier (K-M) survival curves according to OBS for all-cause mortality (A-C) and CVD mortality (D-F)

nutrients and 4 lifestyle factors [8], suggesting a crucial
role of dietary modifications. As a result, diabetic popula-
tions with higher dietary and total OBS had lower risk of
all-cause and cardiovascular mortality.

In our study, although the results of lifestyle OBS in
all-cause and CVD-related mortality were not the same,
the results of dietary and total OBS were consistent,
suggesting that increasing the total intake of certain
nutrients may be beneficial. Although the OBS compo-
nents are numerous, they are easier to obtain, and cal-
culating the OBSs can help clinicians assess patients’
antioxidant levels more comprehensively at an early
stage and determine their prognosis in an integrated
and holistic manner.

Subgroup analyses showed that the correlation between
OBS and all-cause mortality differed significantly con-
cerning educational level, and our interaction test results
indicated that the negative correlation effect between
OBS and all-cause mortality was more pronounced in
more educated populations. Our findings also suggest
that the correlation between OBS and CVD-related mor-
tality differs significantly concerning the history of CKD,
and our interaction test results indicated that the nega-
tive correlation between OBS and CVD-related mortality
is more prominent in diabetic populations without CKD.
We know that CKD is an essential cause of CVD-related
mortality [49], and there is no doubt that people with
DM and concurrent CKD or diabetic nephropathy are at
an increased risk of mortality than people with diabetes
alone, explaining the results of our subgroup analyses.
In addition, we stratified our analyses according to CVD

subgroups, and interaction test results indicated no sig-
nificant differences in the correlation between OBS and
all-cause and CVD-related mortality concerning sub-
groups at increased risk of CVD. Of course, many clinical
studies are warranted to assess the impact of high OBS
on the health of normal populations.

This study is notable for selecting a large number of
people from the US population to study the relationship
between OBS and CVD and mortality. A wide range of
potential covariates was also adjusted for in the study.
Several statistical methods were used to minimize bias
and validate the results, while we also performed cat-
egorical analyses to assess possible interactions between
dietary and lifestyle OBS and mortality risk. However,
the current study has several limitations. First, only the
diabetic population was considered, and the pre-diabetic
population was excluded from the analysis. However,
future studies on the pre-diabetic population are war-
ranted. Second, although the OBS consists of 20 com-
ponents, it is still challenging to include all dietary and
lifestyle exposures associated with oxidative stress, and
there may be unspecified nutritional or lifestyle fac-
tors associated with oxidative stress that still need to be
included. Third, the OBS dietary component was derived
from self-reported data from the 24 h, and only one
24 h was used; therefore, it may be susceptible to mea-
surement error and bias and may not account for daily
dietary changes, leading to imprecise estimates. Finally, it
is unknown whether our findings can be generalized to
other regions of the United States and other countries,
despite the large sample size.
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Table 4 Associations between OBS and all-cause, CVD mortality stratified by age, gender, race, education, poverty level, HbATc,
diabetes drug use, history of hypertension, hyperlipidemia, CKD, and CVD prevalence subgroups. Hazard ratios were adjusted for age,
sex, race, education, marital status, poverty, total energy intake, smoking status, total cholesterol, triglycerides, HbA1c, BMI, history of
hypertension, hyperlipidemia, CKD, and hypoglycemic drugs

All-cause mortality

CVD mortality

All-cause mortality

CVD mortality

HR (95%(Cl) p for trend HR (95%(ClI) p for trend HR (95%(ClI) p for trend HR (95%(ClI) p for trend
Gender Age, years
Female <60
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 1.01 (0.59,1.74) 0.80 (0.64,0.99) Q2 1.77 (0.77,4.04) 0.95(0.77,1.17)
Q3 09 (0.60,1.97) 0.75(0.61,0.93) Q3 1.92 (0.62,5.96) 0.94 (0.77,1.14)
Q4 0.64 (0.30,1.40) 0.309 0.62(042,0.90) 0.013 Q4 1.13(0.29,4.36) 0.755 0.77 (0.57,1.04) 0.097
Male >60
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.81(0.51,1.30) 0.98 (0.79,1.22) Q2 0.72 (0.48,1.08) 0.85(0.71,1.02)
Q3 0.69 (0.44,1.08) 0.90(0.73,1.12) Q3 0.71(0.48,1.05) 0.78 (0.66,0.93)
Q4 0.40 (0.22,0.74) 0.002 0.79(0.61,1.02) 0.051 Q4 0.46 (0.26,0.81) 0.005 0.73(0.58,0.92) 0.006
p forinteraction ~ 0.84 0.784 p forinteraction 0221 0429
Race Education, years
Non-Hispanic White <12
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.80 (0.49,1.30) 0.89(0.73,1.07) Q2 0.72(0.45,1.13) 0.91(0.74,1.13)
Q3 0.69 (0.47,1.04) 0.84 (0.70,1.01) Q3 0.98 (0.56,1.70) 0.83(0.68,1.02)
Q4 0.38(0.21,0. 67) <0.0001 0.69 (0.53,0.90) 0.004 Q4 0.37(0.20,0.69) 0.015 0.64 (0.42,0.98) 0.03
Non-Hispanic Black >12
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 1.25(0.69,2.29) 0.90 (0.73,1.10) Q2 0.90 (0.54,1.52) 0.84 (0.68,1.03)
Q3 249(1.20,5.19) 81(0.64,1.02) Q3 1(0.27,0. 95) 0.79 (0.66,0.94)
Q4 1.94 (0.84,4.45) 0.024 084(0621 14) 0.155 Q4 047 (0.22,098) 0.014 0.70 (0.57,0.86) 0.002
Mexican American p for interaction 019 04
Q1 1.00 (ref) 1.00 (ref) HbATc, %
Q2 0.71(0.28,1.78) 1.16(0.88,1.52) <7
Q3 0.38(0.07,2.23) 1.06 (0.78,1.44) Q1 1.00 (ref) 1.00 (ref)
Q4 0.24(0.03,1.89) 0.17 21(0.80,1.81) 0.581 Q2 1.07 (0.68,1.68) 0.86 (0.72,1.03)
Other Q3 0.93 (0.59,1.46) 0.87(0.73,1.04)
Q1 1.00 (ref) 1.00 (ref) Q4 0.56 (0.30,1.03) 0.057 0.76 (0.58,1.00) 0.074
Q2 0.94 (0.35,2.50) 0.73(0.58,0.92) >7
Q3 1.15(0.26,5.11) 0.82(0.61,1.11) Q1 1.00 (ref) 1.00 (ref)
Q4 1.15(0.14,9.31) 0.837 0.85(0.57,1.26) 0.741 Q2 0.72 (037140) 0.90(0.70,1.17)
p for interaction 0.751 0.26 Q3 0.78 (0.41,1.48) 0.67 (0.55,0.82)
Poverty level Q4 033 (0. 140 76) 0.021 0.57 (0.43,0.76) < 0.0001

Low income
Q1

Q2

Q3

Q4

Middle income
Q1

Q2

Q3

Q4

High income
Q1

Q2

Q3

1.00
0.69
0.58
044

ref)

0.44,1.09)
0.29,1.17)
0.23,0.83)0.012

00 (ref)
091(053 59)
1.09 (0.65,1.85)
0.39(0.21,0.73) 0.019

1.00 (ref)
0.76 (0.34,1.69)
046 (0.18,1.20)

1.00 (ref)
0.84(0.71,0.98)
0.82(0.67,1.01)
0.85(0.63,1.13) 0.162

1.00 (ref)

0.88 (0.66,1.18)

0.96 (0.73,1.25)

0.69 (0.52,091) 0.016

1.00 (ref)
0.92(0.72,1.17)
0.81 (0.65,1.00)

p for interaction

Diabetes drug use
No
Q1
Q2
Q3
Q4
Yes
Q1
Q2
Q3

0.791

1.00 (ref)

0.27 (0.08,0.96)
0.74(0.20,2.77)
0.23(0.03,2.17) 0.344
1.00 (ref)

0.96 (0.63,1.45)

0.80 (0.55,1.16)

0.08

1.00 (ref)
0.97(0.71,1.33)
0.82(0.61,1.11)

0.78 (0.54,1.12) 0.097

1.00 (ref)
0.89(0.75,1.05)
0.89(0.77,1.03)
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All-cause mortality

CVD mortality

All-cause mortality

CVD mortality

HR (95%Cl) p for trend HR (95%Cl) p for trend HR (95%Cl) p for trend HR (95%Cl) p for trend
Q4 0.45(0.13,1.59) 0.189 0.76 (0.56,1.03) 0.051 Q4 0.49 (0.29,0.83) 0.004 0.76 (0.60,0.96) 0.02
p forinteraction  0.256 0312 p forinteraction  0.232 0472
Hyperlipidemia Hypertension
No No
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.46 (0.20,1.09) 1.13(0.72,1.76) Q2 0.96 (0.44,2.08) 0.86 (0.64,1.15)
Q3 0.79 (0. 23276) 1.15(0.77,1.73) Q3 1.15(0.56,2.36) 0.87 (0.65,1.16)
Q4 0.55(0.17,1.71) 0.399 0.93(0.53,1.63) 0.753 Q4 0.38(0.12,1.19) 0.156 0.70 (0.49,0.99) 0.055
Yes Yes
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.90 (0.57,1.42) 0.87 (0.75,1.02) Q2 0.88(0.57,1.37) 0.94 (0.80,1.09)
Q3 0.78(0.51,1.19) 0.83(0.72,0.95) Q3 0.73 (0.50,1 08) 0.87(0.75,1.01)
Q4 0.45 (0.25,0. 81) 0.006 0.73(0.58,0.93) 0.008 Q4 0.48 (0.29,0.80) 0.002 0.81(0.65,0.99) 0.029
p forinteraction ~ 0.694 0.31 p forinteraction ~ 0.39 0315
CKD CVD Angina
No No
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 1.03 (0.55,1.94) 0.69 (0.50,0.95) Q2 0.90 (0.58,1.40) 0.93(0.79,1.10)
Q3 0.78 (0.42,1.44) 0.65 (0.44,0.96) Q3 0.83 (0.55,1.24) 0.88(0.77,1.01)
Q4 0.56 (0.23,1.38) 0.195 0.32(0.19,0.56) < 0.0001 Q4 049 (0.27,0. 88) 0.013 0.78 (0.63,0.97) 0.017
Yes Yes
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.79(0.52,1.22) 0.91(0.76,1.08) Q2 0.16 (0.03,0.77) 0.29(0.12,0.67)
Q3 0.80 (0.50,1.30) 0.86 (0.75,0.99) Q3 0.08 (0.01,0.54) 0.61(0.31,1.21)
Q4 043 (0.22,0. 81) 0.014 0.76 (0.59,0.97) 0.02 Q4 0.02 (0.00,0.21) <0.001 0.37(0.17,0.84) 0.223
p forinteraction ~ 0.803 0.031 p forinteraction  0.785 0.248
Heart attack Stroke
No No
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.96 (0.63,1.45) 0.90 (0.76,1.06) Q2 0.74 (0.50,1.10) 0.92 (0.79,1.08)
Q3 0.98 (0.63,1.53) 0.87 (0.75,1.00) Q3 0.60(0.43,0.82) 0.88(0.77,1.00)
Q4 0.52 (0.29,0. 94) 0.042 0.75 (0.61,0.93) 0.006 Q4 042 (0.29,0.61) <0.0001 0.77 (0.62,0.94) 0.007
Yes Yes
Q1 1.00 (ref) 1.00 (ref) Q1 1.00 (ref) 1.00 (ref)
Q2 0.66 (0.35,1.24) 1.17 (0.49,2.84) Q2 1.70 (0.66,4.34) 1.02 (0.44,2.40)
Q3 0.22 (0.08,0. 60) 1.47(0.71,3.05) Q3 1(045,2.78) 1.30(0.58,2.91)
Q4 0.20 (0.06,0.72) 0.004 1.29(0.72,2.29) 0.375 Q4 0.57(0.14,2.31) 0.325 148 (0.36,6.12) 0423

p for interaction
CHF

0.204

0.827

No

Q1 1.00 (ref) 1.00 (ref)

Q2 0.85(0.55,1.31) 0.95(0.81,1.11)

Q3 0.87 (0.57,1.31) 0.33(0.82,1.05)

Q4 0.53(0.32,0. 89) 0.021 0.84 (0.68,1.03) 0.08
Yes

Q1 1.00 (ref) 1.00 (ref)

Q2 0.89(0.37,2.10) 0.76 (0.44,1.29)

Q3 0.27 (0.09,0.84) 1.15(0.56,2.37)

p for interaction
CHD
No
Q1
Q2
Q3
Q4
Yes
Q1
Q2
Q3

0.398

1.00 (ref)

0.97 (0.66,1.44)

0.92 (0.58,1.46)
0.55(0.30,1.00) 0.055

1.00 (ref)
0.78 (0.32,1.90)
0.55(0.19,1.76)

0633

1.00 (ref)

0.89 (0.75,1.05)

0.86 (0.75,0.99)
0.75(0.61,0.93) 0.007

1.00 (ref)
0.95 (0.51,1.74)
0.98(0.51,1.88)
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Page 13 of 14

All-cause mortality CVD mortality

All-cause mortality CVD mortality

HR (95%Cl) p for trend HR (95%Cl) p for trend HR (95%Cl) p for trend HR (95%(Cl) p for trend
Q4 0.11(0.03,0.45) <0.001 144 (0.68,3.04) 0.23 Q4 0.24 (0.09,0.63) 0.008 0.83(0.41,1.68) 0.657
p for interaction 0.713 0.104 p for interaction 0.739 0.645

Model 1: Unadjusted model
Model 2: Adjusted for age, sex, and race

Model 3: Additionally adjusted for education, marital status, poverty, total energy intake, smoking status, total cholesterol, triglycerides, HbA1lc, BMI, history of

hypertension, history of hyperlipidemia, history of CKD, and hypoglycemic drugs

The specific range for the quantiles is consistent with Table 1

Conclusions

Although OBS is not very useful for assessing CVD prev-
alence outcomes, higher OBS was significantly associated
with lower all-cause and CVD-related mortality, suggest-
ing that maintaining adequate OBSs may reduce mortal-
ity in patients with DM.
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