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Abstract

Background Myocardial infarction (M) poses a serious health threat to diabetic patients, who are particularly
vulnerable due to heightened oxidative stress. The dietary oxidative balance score (DOBS) quantifies the overall
oxidative profile of the diet and may reflect diet-related cardiovascular risk.

Objective This study aimed to evaluate the association between DOBS and the risk of Ml among diabetic individuals
using a nationally representative U.S. population.

Methods We analyzed data from 5,002 diabetic participants in the NHANES 1999-2018 cycles. DOBS was calculated
based on 16 pro- and antioxidant nutrients using two 24-hour dietary recalls. Logistic regression models and 1:1
propensity score matching (PSM) were employed to assess the association between DOBS and self-reported history
of M, adjusting for demographic, clinical, and lifestyle covariates. Restricted cubic spline (RCS) models were used to
evaluate potential nonlinear relationships.

Results A one-point increase in DOBS was associated with a 3% lower odds of Ml in both unadjusted and fully
adjusted models (adjusted OR=0.97, 95% Cl: 0.95-0.99). Participants in the highest DOBS tertile had a 38% lower
odds of Ml compared to the lowest tertile (OR=0.62, 95% Cl: 0.43-0.87), and this association remained consistent in
the matched cohort (OR=0.72, 95% Cl: 0.48-0.88). While formal tests for nonlinearity were not significant, RCS curves
suggested a threshold effect with diminishing benefits at higher DOBS levels. Subgroup and sensitivity analyses
confirmed the robustness of the findings.

Conclusion Higher DOBS is associated with a lower likelihood of MI among diabetic patients. These findings
highlight the potential value of antioxidant-rich dietary patterns in cardiovascular risk assessment. However, given
geographic and cultural variability in diet, further validation is needed in diverse populations and prospective study
settings.
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Introduction

Myocardial infarction (MI), commonly known as a heart
attack, is a type of acute coronary artery disease caused
by the sudden interruption of the blood supply to the
heart muscle, leading to the death of myocardial cells. It
is one of the leading causes of death and disability world-
wide. As of 2024, it is estimated that approximately 3 mil-
lion people worldwide will be affected by MI, with an
incidence rate of 100—200 cases per 100,000 people [1].
In the United States alone, approximately 605,000 new
cases are reported each year, underscoring the significant
burden of this disease [1]. The risk of MI is significantly
increased in individuals with diabetes mellitus, a chronic
metabolic disorder characterized by hyperglycemia and
associated with various cardiovascular complications [2,
3]. Previous studies have indicated that individuals with
diabetes face a 2- to 4-fold greater risk of experiencing
MI than do those without diabetes [4, 5]. Managing and
mitigating the risk factors contributing to MI in diabetic
patients is crucial for improving outcomes and reducing
the burden of cardiovascular disease (CVD) in this high-
risk population.

Oxidative stress has emerged as a critical factor in the
pathogenesis of cardiovascular diseases, including MI
[6-8]. Oxidative stress refers to an imbalance between
the production of reactive oxygen species (ROS) and
the body’s antioxidant defense mechanisms. This imbal-
ance promotes the development and progression of ath-
erosclerosis, which is the primary underlying cause of
myocardial infarction [7, 9]. In individuals with diabetes,
oxidative stress is exacerbated by chronic hyperglycemia,
further increasing the risk of MI [10, 11].

Diet plays a pivotal role in modulating oxidative stress.
Diets rich in antioxidants, such as fruits, vegetables, and
whole grains, have been shown to reduce oxidative stress,
whereas diets high in pro-oxidants, including processed
foods and those rich in saturated fats, may increase oxi-
dative stress [12, 13]. The dietary oxidative balance score
(DOBS) is an index that quantifies the balance between
pro-oxidant and antioxidant components of the diet
[14-16]. A higher concentration of DOBS reflects a diet
with greater antioxidant potential, which could mitigate
oxidative stress and reduce the risk of MI. Previous stud-
ies have explored the relationships among diet, oxidative
stress, and cardiovascular outcomes [17—19], but there is
limited evidence specifically examining the associations
between DOBS and MI in diabetic patients. Given the
high oxidative stress burden in individuals with diabe-
tes [10, 20] and the critical role of diet in managing this

stress, investigating the impact of DOBS on MI risk in
this population is highly important for public health.

This study aimed to explore the association between
dietary oxidative balance scores and the prevalence of
myocardial infarction in diabetic patients via data from
the National Health and Nutrition Examination Survey
(NHANES) 1999-2018. By providing insights into the
relationship between diet-induced oxidative stress and
MI risk, this research could inform dietary recommenda-
tions and interventions aimed at reducing the cardiovas-
cular burden in diabetic individuals.

Methods

Study design and data source

This study is an observational study based on cross-sec-
tional data, with data sourced from the publicly avail-
able National Health and Nutrition Examination Survey
(NHANES) from 1999 to 2018. The NHANES is a nation-
ally representative health survey aimed at assessing the
health and nutritional status of the U.S. population. The
survey employs a stratified multistage probability sam-
pling design to ensure the representativeness of the sam-
ple. This study analyzed data from adult diabetic patients
who participated in the NHANES survey between 1999
and 2018. The NHANES data used in this study are pub-
licly available and were utilized for secondary data anal-
ysis. All participants provided informed consent. The
analysis process of this study adhered to ethical review
standards and received an exemption from the Ethics
Review Board of the National Center for Health Statis-
tics, USA.

Study population

The study included individuals aged 18 years and older
diagnosed with diabetes from the 1999-2018 NHANES
database, excluding individuals with missing diet, diabe-
tes, and MI data. Diabetes was defined on the basis of a
self-reported physician diagnosis (doctors tell you that
you have diabetes?), a fasting blood glucose level>7.0
mmol/L or a random blood glucose level >11.1 mmol/L.

Variable definitions

Exposure variable

Dietary Oxidative Balance Scores (DOBS): DOBS were
calculated by integrating the intake of 16 dietary nutri-
ents, including 14 antioxidants (total dietary fiber, ribo-
flavin, niacin, vitamin B6, total folate, vitamin B12,
vitamin C, vitamin E, carotene, calcium, magnesium,
zinc, copper, and selenium) and 2 pro-oxidants (total fat
and iron). Dietary intake data were obtained based on
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the average of two 24-hour dietary recalls, and each par-
ticipant’s DOBS were calculated via established dietary
scoring methods [14, 21]. Each nutrient was categorized
into low, medium, and high groups on the basis of ter-
tiles, with oxidative stress scores assigned to each group
accordingly. The final DOBS was calculated by summing
these scores. Higher scores indicate a relatively higher
intake of antioxidants in the diet. The detailed scoring
criteria can be found in Table 1.

Outcome variable

Myocardial Infarction (MI): MI was defined on the basis
of participants’ self-reported response to the following
question [22]: “Has a doctor or other health professional
ever told you that you had a heart attack or myocardial
infarction? “

Covariates

To control for potential confounding factors, the fol-
lowing covariates were considered in this study: age,
sex, ethnicity, education level, marital status, body mass
index (BMI), drinking status, smoking status, sedentary
time, diabetes drugs, myocardial infarction drugs and
history of hypertension, hyperlipidemia and chronic
kidney disease (CKD). BMI was calculated on the basis
of body mass (kilograms) and height (m [2]). Drinking
status was categorized as follows: “Never drinker” was
defined as someone who has never consumed more than
12 alcoholic drinks in their lifetime; “Former drinker”
was defined as someone who has consumed at least 12
alcoholic drinks in their lifetime but has not consumed
any alcoholic drinks in the past year; “Current drinker”
was defined as someone who has consumed at least 12

Table 1 Assignment scheme for dietary oxidative balance scores
DOBS components Property Score

0 1 2
Dietary fiber (g/d) A <1081 10.81-17.90 >17.90
Riboflavin (mg/d) A <135 1.35-2.07 >2.07
Niacin (mg/d) A <1749  1749-2452 >2452
Vitamin B6 (mg/d) A <1.20 1.20-1.92 >192
Total folate (mcg/d) A <24595 24595-398.03 >398.03
Vitamin B12 (mcg/d) A <233 2.33-4.71 >4.71
Vitamin C (mg/d) A <2802 28.02-82.10 >82.10
Vitamin E (mg/d) A <440 440-7.81 >7.81
Carotene (mcg/d) A <392.01 392.01-1489.05 =>1489.05
Calcium (mg/d) A <544.78 544.78-924.05 =924.05
Magnesium (mg/d) A <201.00 201.00-302.00 >302.00
Zinc (mg/d) A <6.99 6.99-11.33 >1133
Copper (mg/d) A <0384 0.84-1.23 >123
Selenium (mcg/d) A <7461 7461-11547 >11547
Total fat (g/d) p >82.05 49.75-82.05 <49.75
Iron (mg/d) P >15.11 9.54-15.11 <9.54

Abbreviations: DOBS=dietary oxidative balance score, A=antioxidant and
P=pro-oxidant
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alcoholic drinks in their lifetime and has also consumed
alcohol in the past year. Smoking status was categorized
as follows: “Never smoker” was defined as someone who
has never smoked more than 100 cigarettes in their life-
time; “Former smoker” was defined as someone who
has smoked at least 100 cigarettes in their lifetime but
is not currently smoking; “Current smoker” was defined
as someone who has smoked at least 100 cigarettes in
their lifetime and is currently smoking. Sedentary time
was assessed by asked participants to report the average
amount of time spent sitting during a typical day. This
included time spent sitting at school, home, or in transit,
as well as time spent reading, using a computer, or watch-
ing television, but excluded time spent sleeping. The total
sedentary time was recorded in minutes and converted to
hours for analysis. Use of diabetes and myocardial infarc-
tion medications was identified based on the NHANES
prescription medication dataset using free-text matching
of drug names in the RXDDRUG variable. Antidiabetic
medications included biguanides, sulfonylureas, meg-
litinides, thiazolidinediones, DPP-4 inhibitors, SGLT2
inhibitors, GLP-1 receptor agonists, and insulin or its
analogues. Medications related to myocardial infarction
included antiplatelet agents, statins, beta-blockers, ACE
inhibitors, and angiotensin II receptor blockers (ARBs).
Participants were classified as medication users if any rel-
evant drug was recorded in their prescription history. A
history of hypertension, hyperlipidemia, or chronic kid-
ney disease was defined through self-reported responses
to the following question: “Have you ever been told by a
doctor or other health professional that you have ~? “

Multiple imputation for missing data

To manage missing values in the covariates, we applied
multiple imputation using chained equations (MICE).
This method operates under the assumption that data are
missing at random (MAR), utilizing all available informa-
tion to minimize bias. We generated 20 imputed datasets
and conducted the analyses independently on each. The
results were then combined following Rubin’s rules to
produce final estimates, with standard errors appropri-
ately adjusted. All covariates were incorporated into the
imputation process.

Statistical analysis

Data analysis was conducted via Stata 17.0 software. All
analyses accounted for the complex sampling design
of the NHANES and applied appropriate weighting to
ensure the national representativeness of the results.
The DOBS were categorized into tertiles, and baseline
characteristics were compared across different groups.
Means, standard deviations (SDs), and percentages were
calculated for all study variables. One-way ANOVA and
chi-square tests were used to examine whether there
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were significant differences between the groups. Step-
wise adjusted logistic regression models were used to
assess the relationship between DOBS and MI in dia-
betic patients. The models were as follows: Model 1 was
unadjusted; Model 2 was adjusted for age, sex, and eth-
nicity; Model 3 was further adjusted for education level,
marital status, BMI, drinking, smoking, hypertension,
hyperlipidemia, and CKD. Restricted cubic splines (RCS)
were used to evaluate the nonlinear relationship between
DOBS and MI among diabetic patients, and a joint Wald
test was conducted on the spline terms beyond the linear
component. Subgroup analysis was conducted according
to sex, age, BMI, smoking status, drinking status, hyper-
tension status, hyperlipidemia status, and CKD status
to further explore effect heterogeneity across different
populations. Sensitivity analysis was performed using
diabetic patients from the 2009-2018 cycle for internal
validation to ensure the robustness of the results. All the
statistical analyses were conducted via two-sided tests,
with p <0.05 considered statistically significant.

Propensity score matching (PSM)

To further reduce potential confounding and simulate a
quasi-randomized comparison, propensity score match-
ing (PSM) was conducted as a sensitivity analysis. The
propensity score for each participant was estimated
using a logistic regression model that included age, sex,
ethnicity, education level, marital status, BMI, smoking
status, drinking status, sedentary time, diabetes drugs,
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myocardial infarction drugs, hypertension, hyperlipid-
emia, and CKD. Participants in the higher DOBS tertile
were matched 1:1 with those in the lowest tertile using
nearest-neighbor matching with a caliper of 0.2 with-
out replacement. Covariate balance after matching was
assessed using standardized mean differences (SMDs),
with values below 0.1 considered acceptable. All covari-
ates demonstrated adequate balance (SMD <10%, Fig. 1).
The association between DOBS and MI was then re-eval-
uated in the matched cohort using logistic regression.

Results

Participant characteristics

A total of 5002 diabetic patients were included in the
study, and their baseline characteristics were stratified by
tertiles of DOBS (Table 2). Differences in demographic,
lifestyle, and health-related factors were observed across
DOBS tertiles. The participants in the highest tertile (Q3)
of DOBS had a mean age of 60.64 years, whereas those
in the lowest tertile (Q1) had a mean age of 63.01 years
(p<0.001). The gender distribution also differed nota-
bly, with 66.0% of the participants in Q3 being male,
whereas 38.1% were in Ql (p<0.001). Smoking and
hypertension rates decreased with increasing DOBS.
For example, current smokers comprised 13.7% of Q3,
compared with 18.5% in Q1 (p<0.001), and the preva-
lence of hypertension was lower in Q3 (66.9%) than
in Q1 (73.2%) (p<0.001). CKD and MI also tended to
decrease with increasing DOBS. CKD was present in

BMI
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Hyperlipidemia
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MI drugs
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Drinking
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Fig. 1 Standardized mean differences (SMD) across covariates after 1:1 propensity score matching. All covariates demonstrated adequate balance

(SMD < 10%)
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Table 2 Baseline characteristics stratified by DOBS tertiles
Factor Q1 Q2 Q3 Pvalue
(N=1776) (N=1632) (N=1594)
DOBS 8.85+2.85 16.98+2.00 24.08+2.20 <0.001
Age, year 63.01+£12.83 62.15+12.99 60.64+13.06 <0.001
Sex <0.001
Male 676 (38.1%) 830 (50.9%) 1052 (66.0%)
Female 1100 (61.9%) 802 (49.1%) 542 (34.0%)
Ethnicity <0.001
Mexican American 300 (16.9%) 313 (19.2%) 336 (21.1%)
Other Hispanic 175 (9.9%) 71 (10.5%) 8 (7.4%)
Non-Hispanic White 578 (32.5%) 574 (35.2%) 645 (40.5%)
Non-Hispanic Black 579 (32.6%) 425 (26.0%) 347 (21.8%)
Other Race 144 (8.1%) 149 (9.1%) 148 (9.3%)
Education Level <0.001
Less than high school 744 (42.0%) 567 (34.8%) 468 (29.4%)
High school graduate 418 (23.6%) 377 (23.1%) 351 (22.1%)
More than high school 610 (34.4%) 686 (42.1%) 772 (48.5%)
Marital Status <0.001
Married 873 (49.2%) 913 (56.0%) 979 (61.5%)
Never Married 173 (9.7%) 145 (8.9%) 119 (7.5%)
Others 729 (41.1%) 573 (35.1%) 494 (31.0%)
BMI, kg/m2 3244+754 3239+7.78 32.38+7.38 0.960
Drinking 0.150
Never 338 (52.5%) 259 (49.1%) 179 (47.5%)
Former 185 (28.7%) 177 (33.5%) 113 (30.0%)
Current 121 (18.8%) 92 (17.4%) 85 (22.5%)
Smoking <0.001
Never 892 (50.2%) 813 (49.8%) 765 (48.0%)
Former 556 (31.3%) 1(35.0%) 609 (38.2%)
Current 328 (18.5%) 248 (15.2%) 219 (13.7%)
Hypertension 1296 (73.2%) 1136 (69.8%) 1064 (66.9%) <0.001
Hyperlipidemia 1056 (63.5%) 984 (63.4%) 963 (63.4%) 0.990
CKD 225 (12.7%) 160 (9.8%) 112 (7.0%) <0.001
Sedentary time, hours 707+13.14 6.61+9.53 731+£13.69 0.340
Diabetes drugs 1440 (81.1%) 1331 (81.6%) 1300 (81.6%) 0.920
MI drugs 1363 (76.7%) 1223 (74.9%) 1201 (75.3%) 0430
MI 259 (14.6%) 182 (11.2%) 158 (9.9%) <0.001

Continuous variables are presented as the means+SDs, and categorical variables are presented as percentages. Abbreviations: DOBS =Dietary oxidative balance
score; BMI=Body mass index; CKD = Chronic kidney disease; Ml=Myocardial infarction

7.0% of the participants in Q3, compared with 12.7% in
Q1 (p<0.001), whereas the MI incidence was 9.9% in Q3,
compared with 14.6% in Q1 (p<0.001). Other factors,
such as hyperlipidemia, sedentary time, diabetes drugs,
MI drugs, did not significantly differ across the tertiles.

Associations between DOBS and myocardial infarction

For each one-point increase in DOBS, the odds of MI
decreased by 3% in the unadjusted model (Model 1:
OR=0.97, 95% CI: 0.96-0.99) (Table 3). This association
became slightly stronger after adjusting for age, sex, and
ethnicity (Model 2: OR=0.96, 95% CI: 0.94—0.98) and
remained consistent even after further adjustment for
additional covariates, including education level, marital

status, BMI, smoking, drinking, sedentary time, diabetes
drugs, MI drugs, hypertension, hyperlipidemia, and CKD
(Model 3: OR=0.97, 95% CI: 0.95-0.99).

When comparing the DOBS tertiles, participants in
the highest tertile (Q3) had significantly lower odds of
MI than did those in the lowest tertile (Q1) (Table 3). In
the unadjusted model, the odds of MI for Q3 versus Q1
were reduced by 36% (OR =0.64, 95% CI: 0.50—0.84). This
reduction in MI risk was even more pronounced in the
fully adjusted model (Model 3: OR=0.62, 95% CI: 0.43—
0.87). Similarly, participants in the second tertile (Q2)
also presented a significantly lower risk of MI than did
those in Q1, with odds ratios of 0.72 (95% CI: 0.54—0.97)
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Table 3 ORs and 95% Cls for the associations between DOBS and Ml in diabetic patients

DOBS Model 1 Model 2 Model 3 PSM Model
OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% ClI)

Per score increase 0.97(0.96-0.99) 0.96(0.94-0.98) 0.97(0.95-0.99) -

Per tertile increase

Q1 1(Ref) 1(Ref) 1(Ref.) 1(Ref)

Q2 0.72(0.54-0.97) 0.65(0.48-0.88) 0.69(0.50-0.93) 0.66(0.47-0.93)

Q3 0.64(0.50-0.84) 0.54(0.40-0.74) 0.62(0.43-0.87) 0.72(0.48-0.88)

Model 1 is unadjusted. Model 2 is adjusted for age, sex, and ethnicity. Model 3 was further adjusted for education level, marital status, BMI, drinking, smoking,
sedentary time, diabetes drugs, Ml drugs, hypertension, hyperlipidemia, and CKD. The PSM Model was based on separate 1:1 nearest-neighbor matching (caliper=0.2)
for Q2 vs. Q1 and Q3 vs. Q1, using the same covariates as Model 3. Abbreviations: DOBS = Dietary oxidative balance score, OR=0dds ratio, C|=Confidence interval

in the unadjusted model and 0.69 (95% CI: 0.50-0.93) in
the fully adjusted model.

These associations remained robust in the propensity
score—matched analysis, where Q3 and Q2 were each
compared separately with Q1 using 1:1 nearest-neighbor
matching. In the matched samples, the odds of MI were
significantly lower in both Q2 (OR=0.66, 95% CI: 0.47—
0.93) and Q3 (OR=0.72, 95% CI: 0.48-0.88) compared
with Q1.

Threshold effect
Restricted cubic spline (RCS) analyses were conducted
to examine the association between DOBS and the odds
of MI (Fig. 2). Although all models demonstrated a sta-
tistically significant overall inverse association (P for
overall <0.01), the formal tests for nonlinearity were not
significant (P>0.89 in all models), indicating that the
relationship did not statistically deviate from linearity.
However, the spline curves showed a steep reduction in
MI odds at lower DOBS levels, followed by a flattening
of the association at higher values. This visual trend sug-
gests the presence of a potential threshold effect, beyond
which further increases in DOBS yield a smaller incre-
mental association with MI. To further explore this, we
performed a threshold-based analysis using a DOBS cut-
off of 7—the approximate point of minimal predicted risk
on the spline curve. The results confirmed that partici-
pants with DOBS >7 had significantly lower odds of MI
compared to those with DOBS<7 (Table 4), supporting
the presence of a threshold effect, even in the absence of
statistically significant nonlinearity.

Subgroup analysis

The subgroup analyses, as shown in Fig. 3, highlight
the associations between DOBS and MI across various
demographic and clinical subgroups in diabetic patients.
These models were fully adjusted for potential confound-
ers, the same as Model 3 in Table 3. The results indicate
that the inverse relationship between DOBS and MI was
generally consistent across most subgroups, with higher
DOBS being associated with a lower risk of MI. Notably,
the inverse association between higher DOBS and MI
appeared to be more pronounced in certain subgroups,

such as current smokers, where the odds ratios were sig-
nificantly lower than those observed in other subgroups.
However, the interaction tests revealed that there was no
statistically significant difference in the effect of DOBS
on MI across the subgroups, suggesting that the associa-
tion between DOBS and MI is robust and broadly appli-
cable across different populations.

Sensitivity analysis

The sensitivity analysis results, presented in Table 5, con-
firm the robustness of the association between DOBS and
MI among diabetic patients and indicate that this rela-
tionship remains consistent across different NHANES
survey cycles.

Discussion

Study context

Myocardial infarction (MI), a leading cause of mortality
and disability globally, poses an even greater risk to indi-
viduals with diabetes mellitus because of their elevated
oxidative stress and metabolic abnormalities [23]. These
factors accelerate the development of atherosclerosis
[24, 25], the primary cause of MI. Diet plays a critical
role in modulating oxidative stress, making it a key fac-
tor in managing cardiovascular risk in diabetic patients.
The dietary oxidative balance score (DOBS) is an index
that captures the balance between pro-oxidant and
antioxidant dietary components and can be used in the
assessment of cardiovascular risk [26]. A relatively high
concentration of DOBS reflects a diet with greater anti-
oxidant potential, which could reduce MI risk.

This study utilized data from the 1999-2018 National
Health and Nutrition Examination Survey (NHANES) to
explore the association between DOBS and the incidence
of MI in diabetic patients. DOBS were calculated on the
basis of the intake of antioxidant and pro-oxidant com-
ponents in the diet, and their relationship with MI was
assessed via a cross-sectional study design and multivari-
able regression models.

Key findings
The study demonstrated a significant inverse asso-
ciation between DOBS and the likelihood of MI among
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Fig. 2 RCS curves for the associations between DOBS and Ml in diabetic patients. Same models as those in Table 3. Reference: DOBS =2

Table 4 ORs and 95% Cls for the associations between DOBS (using cutoff value 7) and Ml in diabetic patients

DOBS Model 1 Model 2 Model 3 PSM Model
OR (95% Cl) OR (95% CI) OR (95% CI) OR (95% Cl)

Per score increase

DOBS<7 0.94(0.92-0.97) 0.94(0.92-0.98) 0.92(0.88-0.95) -

DOBS>7 0.97(0.95-0.99) 0.96(0.93-0.98) 0.96(0.93-0.99) -

Per tertile increase

DOBS<7 1(Ref.) 1(Ref) 1(Ref.) 1(Ref.)

DOBS>7 0.71(0.52-0.96) 0.63(0.45-0.89) 0.71(0.48-0.93) 0.75(0.54-0.93)

Model 1 is unadjusted. Model 2 is adjusted for age, sex, and ethnicity. Model 3 was further adjusted for education level, marital status, BMI, drinking, smoking,
sedentary time, diabetes drugs, Ml drugs, hypertension, hyperlipidemia, and CKD. The PSM Model was based on separate 1:1 nearest-neighbor matching (caliper=0.2)
for Q2 vs. Q1 and Q3 vs. Q1, using the same covariates as Model 3. Abbreviations: DOBS = Dietary oxidative balance score, OR=0dds ratio, Cl=Confidence interval

diabetic patients. Each one-point increase in DOBS was  behavior, medication use, hypertension, hyperlipidemia,
associated with approximately 3% lower odds of MI in  and chronic kidney disease (Model 3: OR=0.97, 95% CI:
the unadjusted model, and this association remained 0.95-0.99). Importantly, the association persisted in the
robust after adjustment for age, sex, ethnicity, education  propensity score—matched (PSM) analysis, further con-
level, marital status, BMI, smoking, drinking, sedentary firming its robustness. Subgroup analyses also showed
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Subgroup P-int OR (95% CI)
Sex
Male 431 - 0.97 (0.95, 0.99)
Female —— 0.95 (0.93, 0.98)
Age, years
263 .981 - 0.96 (0.95, 0.98)
<63 —— 0.96 (0.94, 0.98)
BMI, kg/m?
230.7 .983 —— 0.96 (0.94, 0.98)
<307 —— 0.96 (0.94, 0.98)
Smoking
Never .508 —— 0.97 (0.94, 0.99)
Former —— 0.96 (0.94, 0.99)
Current —— 0.96 (0.93, 0.99)
Drinking
Never 227 —— 0.94 (0.89, 0.98)
Former L 0.99 (0.94, 1.03)
Current € ¢ 0.87 (0.78, 0.96)
Hypertension
No 418 ——— 0.98 (0.95, 1.01)
Yes - 0.96 (0.94, 0.97)
Hyperlipidemia
No 912 —— 0.97 (0.95, 1.00)
Yes —— 0.95 (0.93, 0.98)
CKD
No .338 - 0.97 (0.95, 0.98)
Yes —— 0.95 (0.91, 0.98)
| |
.8 1 1.05

Fig. 3 Subgroup analyses for the association between DOBS and Ml in diabetic patients. All the models were adjusted as in Model 3 in Table 3. Abbrevia-

tions: OR=odds ratio; Cl=confidence interval; P-int=P-interaction

consistent associations across different demographic and
clinical strata.

Although formal tests did not support a nonlinear
association, visual inspection of spline curves suggested
a threshold effect: the inverse association between DOBS
and MI was more pronounced at lower DOBS levels
and gradually flattened at higher levels. A secondary
analysis using a cutoff of DOBS =7 supported this trend,

showing significantly lower odds of MI in participants
with DOBS>7.

Clinical and epidemiological evidence

The findings of this study are consistent with and extend
the results of previous studies exploring the relation-
ships among diet, oxidative stress, and cardiovascular
outcomes.
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Table 5 ORs and 95% Cls for the associations between DOBS and Ml in diabetic patients. (NHANES 1999-2004, NHANES 2005-2010,

NHANES 2011-2018)

Cycles DOBS Model 1 Model 2 Model 3 PSM Model
OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% ClI)
1999- Per score® 0.96(0.92-0.99) 0.94(0.88-0.99)0 0.95(0.89-0.98) -
2004 Per tertile*
Q1 1(Ref) 1(Ref) 1(Ref) 1(Ref)
Q2 0.68(0.29-1.29) 0.59(0.18-1.18) 0.74(0.27-1.89) 0.80(0.15-1.15)
Q3 0.63(0.38-0.98) 0.50(0.19-0.97) 0.56(0.25-1.03) 067(0.21-0.97)
2005- Per score* 0.96(0.93-0.98) 0.94(0.91-0.97) 0.95(0.89-1.01) -
2010 Per tertile*
Q1 1(Ref) 1(Ref) 1(Ref.) 1(Ref)
Q2 0.60(0.39-0.91) 0.51(0.32-0.83) 0.55(0.34-0.89) 045(0.29-0.71)
Q3 0.53(0.34-0.82) 042(0.25-0.68) 0.52(0.31-0.87) 0.62(0.36-0.95)
2011- Per score* 0.98(0.96-0.99) 0.97(0.95-0.99) 0.98(0.95-1.01) -
2018 Per tertile*
Q1 1(Ref.) 1(Ref) 1(Ref.) 1(Ref)
Q2 0.81(0.53-0.92) 0.75(0.50-1.13) 0.80(0.52-0.11) 0.76(046-1.12)
Q3 0.71(0.48-0.95) 0.62(0.40-0.97) 0.67(0.42-0.98) 0.75(045-0.93)

Model 1 is unadjusted. Model 2 is adjusted for age, sex, and ethnicity. Model 3 was further adjusted for education level, marital status, BMI, drinking, smoking,
sedentary time, diabetes drugs, Ml drugs, hypertension, hyperlipidemia, and CKD. The PSM Model was based on separate 1:1 nearest-neighbor matching (caliper=0.2)
for Q2 vs. Q1 and Q3 vs. Q1, using the same covariates as Model 3. Abbreviations: DOBS =Dietary oxidative balance score, OR=0dds ratio, Cl=Confidence interval.

Per score*= Per score increase

In a clinical trial, Jordi Salas-Salvadé and colleagues
reported that intensive weight loss lifestyle interven-
tions can significantly reduce long-term cardiovascular
risk [27]. Obesity, oxidative stress, and diet are closely
interconnected, with a diet rich in antioxidants being
associated with a lower incidence of obesity [28-31].
Another clinical trial revealed a strong inverse associa-
tion between the oxidative balance score (OBS) and car-
diovascular disease (CVD) mortality. The hazard ratio
(HR) for CVD mortality in the highest quartile (favoring
antioxidants) compared with the lowest quartile (refer-
ence category) was 0.18, with a 95% confidence interval
(CI) of 0.06-0.51 [32]. A cross-sectional study revealed
that a decrease in OBS, which incorporates both dietary
and lifestyle components, is positively associated with an
increased risk of overall and specific cardiovascular dis-
eases [33]. Similarly, Yingzi Li and colleagues reported a
protective association between adherence to an antioxi-
dant-rich diet and lifestyle and a reduced incidence and
mortality of CVD among adults with nonalcoholic fatty
liver disease (NAFLD) [34]. Kai Chen and colleagues
reported a significant negative correlation between OBS
and the risk of coronary artery disease (CAD) [35]. A
recent Korean cohort study involving 5,181 participants
revealed a negative correlation between OBS and the
likelihood of developing new-onset hypertension [36].
A study from the NHANES analyzing 4,955 participants
revealed a significant negative correlation between OBS
and the 10-year risk of atherosclerotic cardiovascular dis-
ease (ASCVD). Continuous OBS was associated with an
adjusted odds ratio (OR) of 0.97 (95% CI: 0.95-0.99) [37].

Basic medical evidence

Numerous studies have consistently demonstrated that
oxidative stress plays a critical role in promoting the
development of atherosclerosis (AS) and MI, particu-
larly in patients with diabetes. Reactive oxygen species
(ROS) play crucial roles in all stages of atherosclerotic
inflammation. In the initial stages of AS, endothelial dys-
function leads to a reduction in nitric oxide (NO) bio-
availability and an increase in NO degradation, which
promotes ROS production and triggers oxidative stress
responses [38]. This oxidative stress facilitates the oxida-
tion of low-density lipoprotein (LDL), leukocyte adhe-
sion and migration, vascular smooth muscle cell (VSMC)
proliferation, and platelet aggregation, all of which accel-
erate the formation of lipid plaques [39]. The primary
redox-sensitive transcription factor involved in AS is
nuclear factor-kB (NF-kB). NF-kB not only promotes the
production of ROS but also induces the synthesis of pro-
inflammatory cytokines, such as tumor necrosis factor-a
(TNF-a). This leads to increased infiltration of immune
cells into the affected vascular regions, thereby exac-
erbating the vascular inflammatory response [40, 41].
Additionally, in the context of AS, the primary source
of ROS within the vascular wall is attributed to NADPH
oxidase (NOX). Toll-like receptor 2 (TLR2) signaling
can promote the progression of AS by activating NOX,
which enhances vascular smooth muscle cell migration
and vascular remodeling [42-44]. Studies have shown
that the iNOS/NO signaling pathway is closely linked
to the pathogenesis of myocardial ischemia-reperfusion
injury (MIRI). It is well documented that this pathway
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can exacerbate cardiac damage and myocardial infarc-
tion by promoting oxidative stress [45]. ROS produced by
NOX enzymes contribute to the disruption of the coro-
nary microvascular structure and exacerbate coronary
microvascular injury [46]. In diabetic patients, metabolic
abnormalities and chronic hyperglycemia lead to the
excessive production of mitochondrial ROS in the endo-
thelial cells of both large and small vessels, as well as in
the myocardium. This overproduction exacerbates oxida-
tive stress, significantly increasing the likelihood of car-
diovascular events [10, 20, 47].

Geographic and regional variability in DOBS-Related
dietary patterns

Although substantial evidence supports the role of
dietary oxidative balance in reducing cardiovascular
risk, the composition of DOBS-related nutrients varies
markedly across countries and regions. A global analysis
involving 195 countries revealed that the intake of anti-
oxidant-rich components such as whole grains, fruits,
and nuts is often inadequate worldwide, with striking
regional differences driven by cultural and economic fac-
tors [48]. For example, Mediterranean diets are rich in
monounsaturated fats and antioxidants, while Western
diets tend to be higher in pro-oxidants such as saturated
fats and sodium. These disparities imply that the distri-
bution and health relevance of DOBS may differ signifi-
cantly across populations.

Moreover, even within a single country, regional het-
erogeneity in dietary quality may influence DOBS. For
instance, nationally representative studies in China have
shown that urban populations typically consume more
fruits, marine omega-3 fatty acids, and dietary fiber,
whereas rural populations have higher intakes of refined
carbohydrates and sodium [49]. These intranational vari-
ations suggest that DOBS values and their associations
with disease outcomes may not be uniform even within a
single national context. In addition, region-specific food
sources, cooking habits, and environmental exposures
may influence the physiological effects of similar nutrient
intakes, further complicating the interpretation of DOBS
across populations.

In the present study, DOBS was calculated based on
U.S. dietary data. Although the observed inverse asso-
ciation with MI in diabetic patients was robust and
consistent across subgroups, caution is warranted in
generalizing these findings to populations with different
dietary structures or nutrient sources.

Clinical and public health implication

The findings of this study may have important clinical and
public health relevance. As a simple dietary index, the
DOBS may serve as a useful tool for evaluating cardio-
vascular risk profiles in diabetic patients and informing
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dietary assessments. The consistent inverse association
observed across demographic and clinical subgroups sug-
gests that higher dietary antioxidant balance may be asso-
ciated with more favorable cardiovascular status. Public
health efforts encouraging antioxidant-rich diets—par-
ticularly among high-risk groups such as individuals with
diabetes—may contribute to improved population-level
cardiovascular outcomes, though causal relationships
remain to be established.

To explore potential nonlinearity, we conducted an
RCS analysis of the association between DOBS and MIL.
While the formal test for nonlinearity was not statistically
significant, the spline curve revealed a possible threshold
pattern around a DOBS value of 7. Specifically, partici-
pants with DOBS <7 showed a steeper decline in MI odds
with increasing DOBS, whereas the association plateaued
among those with DOBS>7. This pattern suggests that
dietary oxidative balance may be more strongly associ-
ated with cardiovascular risk in the lower DOBS range. If
supported by future longitudinal studies, this threshold-
like pattern may help refine dietary guidance by identi-
fying individuals who might derive the greatest relative
benefit from antioxidant-focused dietary improvement.

Limitations

Despite offering valuable insights, this study has several
limitations. First, due to its cross-sectional design, the
temporal relationship between DOBS and MI cannot be
established, and causality cannot be inferred. Reverse
causation is possible, as patients who had experienced
MI may have subsequently changed their dietary habits,
leading to altered DOBS values. Second, dietary intake
data were collected using 24-hour self-reported recalls,
which are subject to recall bias and day-to-day variability,
particularly in diabetic populations. Although we used
the average of two days to reduce this bias, limitations
remain. Third, self-reported MI status may be subject
to misclassification, especially among diabetic individu-
als who may experience atypical symptoms, poten-
tially impacting the validity of our outcome assessment.
Fourth, although multiple covariates were adjusted for,
residual confounding from unmeasured factors (such as
medication adherence, genetic predisposition, or psy-
chosocial stress) cannot be ruled out. Fifth, the findings
are based on the U.S. NHANES population and may not
be generalizable to other ethnic or regional groups with
distinct dietary structures and oxidative stress exposures.
Future longitudinal studies and randomized controlled
trials are needed to validate the observed associations
and evaluate whether increasing dietary antioxidant bal-
ance through intervention can effectively reduce cardio-
vascular risk in diabetic individuals.
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Conclusion

This study identifies a consistent inverse association
between the dietary oxidative balance score (DOBS) and
the likelihood of myocardial infarction (MI) among dia-
betic patients. While causality cannot be inferred due to
the cross-sectional design, the observed associations sug-
gest that DOBS may serve as a useful marker for evaluat-
ing cardiovascular risk in this high-risk population. These
findings support the need for prospective studies to fur-
ther investigate the role of dietary antioxidant balance in
cardiovascular health and inform dietary recommenda-
tions for individuals with diabetes.
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