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Oxidative stress contributes to the development of cardiometabolic diseases and
cancers. Numerous studies have highlighted the adverse effects of high reactive
oxygen species (ROS) levels in the progression of chronic noncommunicable diseases
and also during infections. On the other hand, antioxidants play a crucial role in
preventing oxidative stress or postponing cell damage via the direct scavenging of
free radicals or indirectly via the Keapl/Nrf2/ARE pathway, among others. Dietary
antioxidants can be obtained from various sources, mainly through a plant-based
diet, including fruits and vegetables. The dietary antioxidant index (DAI) has been
developed to assess total antioxidant intake from diet. This review delineated the
performance of DAl in the risk assessment of different diseases. It is suggested that
a high DAl score prevents obesity-related diseases, including diabetes mellitus,
hyperuricemia, dyslipidemia, and metabolic (dysfunction)-associated steatotic
liver disease (MASLD). Additionally, DAI is negatively associated with Helicobacter
pylori and Human papillomavirus infection, thus reducing the risk of gastric and
cervical cancer. Also, a high intake of antioxidants prevents the development
of osteoporosis, miscarriage, infertility, and mental illnesses. However, further
prospective observations and clinical trials are warranted to confirm the application
of DAl in preventing diseases that have been studied.

KEYWORDS

metabolic disease, mental disorders, cardiovascular diseases, cancer, osteoporosis,
infertility, obesity

1 Introduction

The evidence suggests that oxidative stress is involved in the pathogenesis of the vast
majority of diseases, such as cardiovascular diseases (CVDs), metabolic, skeletal, and mental
disorders, and malignancies (1-6). Oxidative stress occurs when there is an imbalance between
reactive oxygen species (ROS) and the available antioxidants within the body’s antioxidant
system or externally introduced antioxidant substances, resulting in ROS-induced damage (7).
Generally, the oxidative stress status in tissues and cells is measured by evaluating ROS made
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as byproducts of vital reactions such as cellular respiration, producing
energy from food, and metabolizing different materials (4, 8). ROS
comprises hydrogen peroxide (H,0,), superoxide (O,7), singlet
oxygen ('O,), organic peroxides, hypohalous acids, and ozone (O;) (9).
The ROS can oxidize molecules such as nucleic acids (e.g., DNA),
lipids, and cellular proteins, disrupting their normal functions (10).
Low levels of ROS play an essential role in pivotal biological processes,
namely, phagocyting pathogens, redox, and intracellular signaling,
which control many pivotal activities in the body. However, excessive
amounts of ROS have harmful effects, like destroying cell membranes
and disturbing the function of enzymes (11).

Fortunately, the human body can defend against ROS by antioxidants
(2). Antioxidants postpone or avoid oxidation of valuable chemicals by
neutralizing ROS. Natural antioxidants are classified as exogenous and
endogenous. Endogenous antioxidants, such as interacting antioxidant
enzymes, such as superoxide dismutase enzymes (SODs), glutathione
reductase, catalase, thioredoxin, Glucose-6-phosphate dehydrogenase
(G6PD), and glutathione peroxidase (GPx), are the defense system
against ROS damage. Exogenous antioxidants are required to strengthen
the antioxidative activity whenever the endogenous antioxidative defense
fails to neutralize the ROS sufficiently. Exogenous antioxidants are
provided by food and include vitamins, trace elements, carotenoids, and
polyphenols. Fruits, vegetables, whole grains, green tea, curcumin, and
red wine are good sources of antioxidants (12).

Previous findings indicated that antioxidant nutrients such as
vitamins and zinc reduce the chance of cardiometabolic diseases and
malignancies (13-15). Since investigating the effect of each antioxidant
on human health separately will miss the impact of the others, the
dietary antioxidant index (DAI) has been developed and validated to
evaluate the antioxidant intake of the diet based on the six major
antioxidant components of zinc, selenium, manganese/magnesium, and
vitamins A, C, and E (12). In 2004, a study by Wright et al. was
conducted on more than 27,000 Finish participants to investigate the
effect of consumption of these six antioxidants on the prevention of
lung cancer during a 15-year trial. Eventually, the DAI was provided to
reveal a comprehensive view of the antioxidant potential of the diet (16).

DAL is linked to a wide range of diseases (17-20) and has attracted
much attention from scientific communities. This article aims to
comprehensively review, summarize, and discuss documents
exploring the association between DAI and various diseases. Finally,
we will delineate the advantages and disadvantages of the DAL, laying
the groundwork for future investigations (Table 1).

2 Methods

Appropriate related keywords for the Dietary Antioxidant Index
were searched in electronic databases of Scopus, Web of Science, and
PubMed through the title and abstract of studies published in English
from inception to May 2024. All obtained articles were extracted to
Endnote v.20, and duplicated studies were removed. The relevant
original studies were eventually included.

3 Cardiovascular diseases

CVDs are considered the most common cause of mortality
worldwide and responsible for nearly 19.8 million deaths in 2022 (21).
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Over 50% of CVD mortality is preventable by controlling the
modifiable risk factors (22). CVDs are the most common cause of
diet-related mortality. More than one-third of CVD mortality and
disability-adjusted life-years of CVD are attributed to unhealthy diet.
In addition, a healthy lifestyle and diet play an indispensable role in
preventing CVD (23).

Oxidative stress is vastly involved in every step of atherosclerosis
formation and endothelial dysfunction, which have substantial roles
in CVD development by increasing the vessel’s permeability, leading
to low-density lipoprotein (LDL) garnering in the intima layer of
vessels. In this regard, cytokines, chemokines, and adhesion proteins
trigger the inflammation and attract the monocytes to the
inflammation site. Monocytes turn into foam cells by engulfing and
oxidating the accumulated LDLs with the assistance of ROS. In
addition, ROS gives rise to collagen deposition to constitute the
fibrous cap. Lastly, oxidative stress provokes matrix metalloproteinase
to degenerate fibrous cap, eventuating plaque rupture (24-26).
Subsequently, research has demonstrated that diets rich in vegetables,
fruits, and nuts, which provide ample antioxidants, have advantageous
effects on preventing CVD (27). In this regard, several studies have
evaluated the association between DAI and CVD.

3.1 Atherosclerosis

Emerging evidence has linked the low antioxidant content in the
diet with atherosclerosis progression. A cross-sectional study in the
Czech Republic (28) showed that high antioxidant intake can dwindle
intima-media thickness of common carotid (IMT-CC) as a marker of
atherosclerosis. This study indicated a significant converse association
between the Composite Dietary Antioxidant Index (CDAI) and
IMT-CC in women (f = —4.72; SE = 1.98; p-value = 0.018). However,
these findings were not consistent among men (28). These findings
were confirmed by the CORDIOPREYV study, which was a prospective,
randomized, controlled trial (29). This study involved 805 individuals
with CHD who were randomly assigned to receive a Mediterranean
or low-fat diet. After five years of follow-up, DAI increased in
participants in the Mediterranean diet group. In contrast, DAI was
deceased in the low-fat diet group. Additionally, this study showed a
significant reverse association between changes in DAI and changes
in IMT-CC within the study period (r = —0.128; p-value <0.001). The
participants in the third tertile of DAI increase had a significantly
more significant reduction in IMT-CC than comparison than those
with the lowest tertile of DAI increase (p-value =0.033). These
findings were consistent in both Mediterranean and low-fat diet
groups. Moreover, this study evaluated the validity of DAI as a tool for
estimating the antioxidant content of the diet. In this case, changes in
DAI score, reduced glutathione (GSH), and oxidized glutathione were
measured at the baseline and after four years of follow-up. The results
showed a significant positive association between the GSH/GSSG ratio
and CVDs (p-value = 0.036), which confirmed the DAI validity (29).

3.2 Cardiovascular risk factors
Recent studies have linked high CDAI scores to major CVD risk

factors such as hypertension and dyslipidemia. A cross-sectional study
(30) on 21,526 participants indicated that consuming diets with higher
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TABLE 1 Overview of studies investigating the association between dietary antioxidant index (DAI) and health outcomes: evidence, mechanisms, and
future directions.

Disease Investigated diseases = Mechanisms Recommendations References
group
CVD Hypertension, Dyslipidemia, Higher antioxidant intake prevents endothelial | Longitudinal studies with longer follow-ups (27-31, 33-45)
Atherosclerosis, Coronary and dysfunction, oxidating LDL, foam cell in various populations are recommended
peripheral artery diseases, Heart | formation, and fibrous cap rupture
failure, and Stroke
Metabolic Obesity, MASLD, Type 2 Antioxidants reduce Insulin resistance Longitudinal investigations would reveal a (19, 31, 60, 61, 74, 78,
diabetes, CKD, Hyperuricemia, pathogenesis, NADPH, TNF-a, IL-6, and more preventive effect of antioxidants on 87, 88, 95, 96)
Gout, Metabolic syndrome, and oxidative stress, which are involved in metabolic diseases in different populations
Hyperlipidemia metabolic disease development More precise defining diseases, especially
CKD, would be required in further studies
Pulmonary COPD, Emphysema, Chronic Antioxidants inhibit oxidative stress, NF-xB, Longitudinal studies for both conditions; (109, 110)
bronchitis, and Asthma AP-1, and pro-inflammatory mediators studies in other regions than the US;
induced by smoking and air pollution associations with COPD staging or the
This condition leads to inactivation of mucus frequency of exacerbations
hypersecretion, lipid peroxidation, epithelial
injury, extracellular matrix breakdown, and
apoptosis, contributing to corticosteroid
resistance in COPD by reducing histone
deacetylase activity and impairing
corticosteroids” anti-inflammatory effects
Thyroid - Antioxidants decrease metabolic rate and Longitudinal studies on the long-term (122)
oxygen consumption, ROS, self-tolerance effects of DATI on thyroid hormones and the
mechanisms, and progression of autoimmune incidence of clinical thyroid disorders and
thyroid diseases autoimmune thyroid diseases like
Hashimoto’s thyroiditis and Graves’ disease
Skeletal Osteoporosis Antioxidants prevent apoptosis of osteoblasts Longitudinal studies, meta-analyses, DAI (124, 135-138)
and osteocytes, promotion of osteoclast associations with bone microarchitecture,
formation, mineralization, bone resorption, geometry, resorption, and formation
and higher bone turnover/loss
Joints Rheumatoid Arthritis Antioxidants decrease oxidative stress in Further studies on DAI would investigate (150)
hyaluronic acid, lipids, oxidized LDL proteins, | the effect of antioxidants on various
and proteins found in RA synovial fluid and autoimmune disorders, such as SLE
tissue
Mental Stress and Depression It is hypothesized that consuming more More studies with different populations are (152-155)
antioxidants would reduce oxidative stress required to investigate the association of
induced by the pathogenesis of different mental | antioxidants with other psychiatric
disorders disorders
Also, there is a lack of evidence about the
involved mechanisms
Oncology Cancers of Breast, Lung, Consumption of antioxidants reduces the effect = Longitudinal studies with a more prominent (16, 175-181)
Colorectal, and Pancreatic of cigarette smoke, ionizing radiation, UV sample size are recommended to evaluate
radiation, and point mutations in RAS other cancers
Also, higher DAT intake would ameliorate the More assessment of the fundamental
deficiency of antioxidants induced by heme association with esophageal cancer is
oxygenase 1, quinine oxidoreductase 1, and required
NADPH Also, it is necessary to assess the association
with colorectal cancer in regions beyond
Asia
Infection H. pylori and Gastric cancer and | Antioxidants would decrease the oxidative Further studies should investigate the (12,188, 214, 219)
HPV and cervical cancer stress induced by H. pylori mechanism of the preventive effects of
Also, they would prevent damage to the host antioxidants against infections and their
cell induced by HPV complications
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TABLE 1 (Continued)

Disease
group

Investigated diseases

Mechanisms

10.3389/fnut.2024.1497364

Recommendations

References

diseases with

a high

decreases apoptosis, reducing the incidence

and severity of various diseases would

suggested, further evaluations are needed to

investigate the mechanism of this

Gynecology Infertility and Recurrent Antioxidants could diminish oxidative and Clinical trials prescribing antioxidant- (225, 232)
miscarriage nitrosative stress critical in early and recurrent | containing supplements to women with a
pregnancy loss and infertility history of infertility or recurrent
The exact etiology and molecular mechanism miscarriages to assess their effectiveness on
of oxidative stress in these conditions remains fertility or preventing subsequent
unclear miscarriages in their future pregnancies;
Some studies link polymorphisms in oxidative | discovering the underlying mechanisms
stress-related genes to idiopathic RPL using in vitro or in vivo investigations
Some CVD, Diabetes, and Stroke Higher consumption of antioxidant nutrients While some mechanisms have been (45, 234, 237, 239-

241)

mortality diminish mortality

rate

association

Also, mortality risk in specific populations

needs to be scrutinized

CVD, Cardiovascular Disease; LDL, low-density lipoprotein; MASLD, Metabolic (dysfunction)-associated steatotic liver disease; NADPH, nicotinamide adenine dinucleotide phosphate; CKD,
Chronic kidney disease; COPD, Chronic obstructive pulmonary disease; MetS, Metabolic syndrome; TT4, Total thyroxine; FT4, Free thyroxine; TSH, Thyroid-stimulating hormone; BMD,
Bone mineral density; RA, Rheumatoid arthritis; SLE, systemic lupus erythematosus; HPV, Human papillomavirus; H. pylori, Helicobacter pylori; ROS, Reactive oxygen species.

CDATI significantly decreased the risk of hypertension. The participants
in the fourth quartile of CDAI had a 21% lower risk of hypertension.
Among components of CDA], receiving high amounts of vitamin E
and magnesium was significantly associated with a lower risk of
hypertension (30). In addition, a cross-sectional study on 27,626
participants showed that every unit decrease in CDAI was significantly
associated with a 2 % increase in the risk of dyslipidemia. Additionally,
individuals in the fourth quartile of CDAI had a 23% lower risk of
dyslipidemia in comparison to those in the first quartile of CDAI (31).

3.3 Atherosclerotic cardiovascular disease
(ASCVD)

Scientific documents have also shown the protective effects of
high antioxidant intake against coronary heart disease (32, 33). A
cross-sectional study on 34,699 individuals showed that diets with
high CDALI scores significantly pertained to decreased risk of
coronary heart disease (CHD). Participants without CHD consumed
more vitamin A, zinc, and selenium than those with CHD. Also,
levels of HbA1C, LDL, and triglyceride decreased across the CDAI
quartiles; however, changes in fasting blood glucose (FBG), total
cholesterol, and high-density lipoprotein (HDL) were not
statistically significant (32). In the same direction, a cross-sectional
study in Iran found that diets with higher DAI scores significantly
decrease the risk of CVD (34). Another cross-sectional study using
the data from the National Health and Nutrition Examination
Survey (NHANES) indicated that CDAI and all its six components
had a significant inverse association with the 10-year risk of
ASCVD, estimated with pooled cohort equation (PCE) (35). These
findings were consistent with a cross-sectional study of
postmenopausal women showing that participants with the highest
quartile of CDAI had a 49% lower chance of ASCVD compared to
those with the lowest quartile of CDAI. This association was
stronger among smoker women aged 40 to 69 with high HDL
levels (18).
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Abdominal aortic calcification is an indicator of subclinical
atherosclerosis and a prognostic marker for CVD (36). A recent study
evaluated the association between CDAI and abdominal aortic
calcification (37). This cross-sectional study involved 1,081
participants from NHANES. The results indicated that the participants
in the fourth quartile of CDAI had a 66% lower risk of abdominal
aortic calcification than those in the first quartile of CDAI (95% CI:
0.12-0.90; p-value = 0.03). However, this association was consistent
only among participants without hypertension.

A cross-sectional study of 1,409 participants evaluated the
association between CDAI and ankle-brachial index (ABPI), which is
used for peripheral artery disease (PAD) diagnosis and a predictor of
ASCVD (38). The spearman’s correlation analysis showed that ABPI
has a significant positive correlation with CDAI (spearman’s
correlation: 0.1206), vitamin A, vitamin C, vitamin E, zinc, and
selenium; however, all these correlations were negligible (spearman’s
correlation <0.2). The association between CDAI and ABPI was
insignificant among women. However, the regression analysis showed
a U-shape association between CDAI and ABPI among men.
Mediation analysis revealed that ABPI had a mediatory role in the
association between CDAI and all-cause mortality. However, ABPI did
not have a mediation effect on the association between CDAI and
cardiovascular mortality (38).

3.4 Stroke

In addition, studies revealed the protective effects of diets with
high DALI scores against stroke. A cross-sectional survey of 39,432
participants from NHANES found that participants in the third tertile
of CDALI had a 23% lower risk of stroke (39). Also, another study
indicated that every one-unit increase in CDAI decreased the odds of
stroke by 4 % (40). A cross-sectional study of 40,320 individuals
showed that participants with the fourth quartile of CDAI had a 38%
lower chance of stroke, and every one-unit increase in CDAI was
associated with a 2% lower risk of stroke (41). Also, a cross-sectional
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study on 26,433 participants from NHANES showed the participants
in the fourth quartile had a 38.8% lower risk of stroke, and every
one-unit increase in CDAI was associated with a 3.4% lower risk of
stroke (42). Moreover, the researchers conducted a two-sample
Mendelian randomization study, which showed a causal relationship
between higher CDAI and stroke (OR = 0.921, 95%CI: 0.891-0.952).
The results from the Mendelian randomization also showed significant
protective effects of vitamin A and selenium against subarachnoid
hemorrhage but no significant effect on ischemic stroke or intracranial
hemorrhage (42).

3.5 Heart failure

Studies have linked higher DAI scores with a lower chance of
heart failure. A cross-sectional study of 37,390 participants from
NHANES found that CDAI was conversely associated with heart
failure (OR = 0.97, 95%CI: 0.94-1.00) (43). Another cross-sectional
study on 29,101 individuals from NHANES confirmed the negative
association between CDAI and heart failure (44). The individuals in
the fourth quartile of CDAI had a 32% lower risk of heart failure than
the first quartile. Also, every unit increase in CDAI was associated
with a 4 % decrease in heart failure chance (44).

3.6 Cardiovascular mortality

Additionally, emerging evidence suggests the protective effects of
high antioxidant intake against CVD mortality. A prospective cohort
study with 118 months of follow-up of 44,031 individuals in the
United States reflected that higher CDAI scores were significantly
associated with a lower CVD mortality rate (45). Another prospective
cohort study confirmed the protective effects of diets with high CDAI
against CVD mortality among diabetic patients (46).

Current evidence supports the promising effects of diets
containing high antioxidants for preventing CVD. Most studies
regarding DAI and CVD were cross-sectional and conducted based
on the data from the NHANES in the United States. Therefore, further
studies with longitudinal or randomized controlled study designs are
needed to have more substantial evidence in conjunction with DAI
and CVD.

4 Cardiometabolic diseases

Metabolic diseases form a complex network of conditions arising
from alterations in anthropometric factors, such as weight gain and
elevated blood pressure, ultimately leading to an increased
susceptibility to various ailments. These diseases, encompassing
obesity, diabetes, fatty liver, and gout, are profoundly affected by
dietary patterns. Alarming trends indicate a steady rise in the
incidence of these conditions in recent years (47).

4.1 Obesity

The most significant starting point of the metabolic disease chain
is obesity, which affects hundreds of millions of adults worldwide (48),
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and its prevalence is rapidly increasing. Obesity is regarded as the
number one “preventable” cause of disease and disability globally (49).
One of the main pathological changes recorded in obesity is the
excessive amount of ROS (50). Obesity is characterized by
hyperglycemia and insulin resistance, leading to oxidative stress (51)
triggered by various pathways, including advanced glycation end
products (AGE), polyol, hexosamine, and protein kinase C, which
affect antioxidant function and contribute to inflammation, metabolic
dysfunction, and vascular health issues (52). Obesity is also associated
with elevated lipid profile and adipose tissue, which can further
increase oxidative stress by disrupting mitochondrial function and
generating toxic by-products (53). Deficiencies in vitamins and
minerals commonly observed in obesity, such as vitamins A, B6, C, D,
E, carotenoids, selenium, and zinc, can impair antioxidant defenses
and exacerbate oxidative stress (54).

Moreover, molecules like TNF-a, IL-6, IL-1, Nicotinamide-adenine
dinucleotide phosphate (NADPH), oxidases (NOX), superoxide anion,
and leptin play roles in mediating inflammation and further oxidative
stress in obesity (55). Promoted muscle activity in obese individuals
can lead to increased production of free radicals, further damaging
cells and tissues. Obesity also affects the endothelium, the lining of
blood vessels, by increasing the production of ROS, which can impair
vascular function and contribute to hypertension (56). Furthermore,
obesity affects mitochondrial function, disrupting energy production,
fat metabolism, and balance of blood sugar, ultimately negatively
impacting general health (52). Therefore, it seems that the intake of
antioxidants can potentially prevent obesity and most metabolic
diseases that stem from it in the sequence above. Moreover, it may even
alleviate their complications through the shared mechanism of
oxidative stress present in all these conditions (57).

The impact of consuming antioxidants in preventing obesity has
been demonstrated in various studies (58, 59). Two studies directly
examined the association between DAI and obesity, one conducted in
adolescents and the other in adult populations. A cross-sectional
survey (60) indicated that individuals with a lower DAI, below the
population median, had a 15% lower chance of becoming overweight.
Additionally, the study showed that BMI was expected to decrease by
an average of 0.19 units for each unit increase in DAI in the diet.
Similarly, a case—control study (61) showed that for each unit increase
in DAL in the dietary intake, the rate of overweight/obesity decreased
by 5%. Moreover, this study addressed the fact that the DAI index
could accurately predict the serum levels of specific oxidative stress
and inflammatory biomarkers, which adds credibility to this particular
index (61).

4.2 Metabolic (dysfunction)-associated
steatotic liver disease (MASLD)

Metabolic
(MASLD), previously known as Nonalcoholic Fatty Liver Disease

(dysfunction)-associated steatotic liver disease

(NAFLD) (62), is the most common liver disorder, primarily related to
obesity. It can potentially advance to metabolic (dysfunction)-
associated steatohepatitis (MASH) and eventually lead to cirrhosis, a
severe and life-threatening condition (63). ROS production in MASLD
can occur in the mitochondria due to the immediate generation of
superoxide anions as a byproduct of oxidative phosphorylation or
increased beta-oxidation. It can also occur in the endoplasmic
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reticulum due to the activity of cytochrome P450, microsomal
metabolism, or upregulation of CHOP expression. This oxidative stress
in the liver leads to the activation of redox-sensitive transcription
factors such as early growth response protein 1, activator protein 1, and
nuclear factor kB (NF-kxB), which induce an inflammatory response
and increase apoptotic pathways in hepatocytes (64).

Studies have shown the impact of an antioxidant-rich diet in
preventing MASLD (65-67). A case—control study (19) implicated
that individuals with a DAI above the general population median had
approximately 43 percent lower odds of having MASLD. This study
may indicate that, in line with the findings of numerous previous
studies, increasing antioxidants in the diet could contribute to the
prevention of MASLD (19).

4.3 Type 2 diabetes (T2DM)

Type 2 diabetes (T2DM) is also associated with obesity, and it is
projected that around 10% of the world’s population will be affected
by this disease shortly (68). T2DM is the most prevalent risk factor for
many disabling or fatal conditions, such as heart attacks, strokes,
kidney failure, blindness, and amputations (69). Considering its
lifelong impact on health and high healthcare costs, prevention is the
most rational approach to reducing the burden of this disease. Some
risk factors for T2DM, such as age, genetics, family history, race, and
ethnicity, are non-modifiable. Therefore, attention should be directed
toward modifiable risk factors such as physical activity and diet (70).
Studies have shown that ROS production in T2DM can originate from
both the mitochondrial respiratory chain and non-mitochondrial
enzymes (71). Increased intracellular glucose leads to elevated
production of electron-donating molecules during the Krebs cycle,
subsequently raising the inner mitochondrial membrane potential and
ultimately disrupting mitochondrial function and increasing ROS
production (71). This increase in ROS production is further intensified
by accelerated glycolysis and subsequent pyruvate generation.
Non-mitochondrial sources of ROS production in T2DM include
enzymes, for example, xanthine oxidase, cyclooxygenase, lipoxygenase,
uncoupled endothelial nitric oxide synthase, cytochrome P450, and
Nicotinamide-adenine dinucleotide phosphate oxidase. These ROS
contribute to the enhancement of oxidative tissue damage resulting
from hyperglycemia through accelerated polyol pathway flux,
increased formation of AGEs, heightened hexosamine pathway flux,
and activation of protein kinase C (71).

Various studies have also shown the positive impact of consuming
antioxidants in the diet or as supplements in preventing T2DM (72,
73). A cross-sectional study (74) observed that those in the highest
quartile of DAI had approximately 16% lower odds of having
T2DM. Furthermore, the risk for diabetes was decreased by 2 % for
each unit increase in DAI score. However, this study found no
significant independent association between DAI and FBS or HbA1C
levels (74).

4.4 Chronic kidney disease (CKD)

In addition, T2DM is one of the leading risk factors for chronic
kidney disease (CKD) that imposes substantial costs on both patients
and the healthcare system and serves as an independent and
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significant risk factor for CVDs and mortality (75). Oxidative stress
damages multiple parts of the kidney, leading to glomerular ischemia,
glomerular fibrosis via mesangial cell transformation, podocyte death,
disruption of the filtration barrier, and renal tubular damage. This
stress impairs blood flow, filtration, and electrolyte balance,
contributing to kidney disease and its progression (76).

The role of nutrition and dietary antioxidants in the development
and occurrence of CKD has received less attention, but there are some
positive results (75, 77). In a cross-sectional study (78), subgroup
analyses demonstrated that in old adults, individuals with proportional
weight, individuals with hypertension, and individuals with diabetes,
for each unit increase in DAI, the chance of CKD decreased by
approximately 10 percent (78).

4.5 Hyperuricemia/gout

Obesity also commonly contributes to hyperuricemia, elevated
levels of uric acid in an individual’s serum. The most common
consequence of hyperuricemia is the development of gout due to uric
acid deposition in the joints (79). However, it is also associated with
other significant conditions such as CKD, T2DM, hypertension, and
CVDs (80). Despite its high prevalence and significant complications,
the treatment options are minimal (81). Gout, caused by long-term
hyperuricemia, negatively impacts various aspects of an individual’s
life, and its attacks are among the most painful recorded conditions
(82). It appears that the most logical approach to reducing the burden
of hyperuricemia and gout is prevention (83). In the presence of other
oxidants like peroxynitrite, Uric acid can be transformed into a
prooxidant by generating free radicals such as amino-carbonyl
radicals. These free radicals primarily target lipids, including
membranes and LDL, resulting in the oxidation process (82). This
oxidation leads to the creation or exacerbation of oxidative stress (82).

Furthermore, the hydrophilic environment formed by oxidized
lipids diminishes uric acid’s reverse antioxidant capability, effectively
converting it into an oxidant. The uric acid causes pro-oxidative effects
through activation of redox and NOX-dependent superoxide signaling
(84). Moreover, the pro-oxidative impacts the balance of endocrine
activity in adipose tissue. The oxidative stress arising from obesity and
adipocytes is potentially triggered by hyperuricemia and can initiate
a cascade of metabolic diseases (84).

Studies evaluating the association between antioxidant intake and
gout have also yielded promising findings (85, 86). A cross-sectional
study (87) concluded that those in the highest quartile of DAI had
approximately a 35% lower chance of having hyperuricemia, which
suggests a significant inverse association between DAI and
hyperuricemia. In addition, a cross-sectional study (88) indicated that
for each unit increase in DAI, the chance of developing gout decreased
by approximately 3%. Furthermore, individuals in the highest DAI
quartile had almost a 35% lower chance of having gout. Subgroup
analyses did not reveal any specific dependence on different subgroups
of risk factors (88).

4.6 Metabolic syndrome

Central obesity plays a significant role in the development of
metabolic syndrome (MetS), particularly insulin resistance (89).
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Obesity is closely linked to chronic, low-grade inflammation, which
can contribute to the onset of insulin resistance, insulin deficiency,
and metabolic disruptions (90). The oxidative stress associated with
obesity causes intracellular cell damage and disrupts the redox
balance. This results in the accumulation of oxidation products and
promotes endothelial dysfunction, leading to insulin resistance,
hypertension, dyslipidemia, and ultimately MetS (91).

MetS is associated with a high-carbohydrate, pro-inflammatory
diet (92). Furthermore, adults with MetS have been found to have
suboptimal levels of various antioxidants (93). Additionally,
longitudinal studies have revealed inverse associations between
dietary total antioxidant capacity (TAC) and the risk of developing
MetS (94). Two extensive cross-sectional studies conducted on the
general population in the United States have examined the association
between DAT and MetS (95, 96), and both reported significant inverse
relationships. In one study, individuals in the highest quartile of DAI
consumption had approximately a 30% lower chance of developing
MetS (95), while the second study found that for each unit increase in
DAL, the risk of MetS decreased by 3% (96). Additionally, in the first
study, this association was significant for central obesity,
hypertriglyceridemia, and low HDL levels (95). In the second study,
individual antioxidant components also
associations with MetS (96).

showed significant

4.7 Hyperlipidemia

Obesity frequently results in hyperlipidemia (97), with
approximately 60-70% of obese patients experiencing hyperlipidemia
(53). Hyperlipidemia is associated with various conditions, including
chronic and cerebrovascular diseases (98). Inflammation and oxidative
stress, which are linked to obesity, are among the fundamental
mechanisms connecting obesity to hyperlipidemia. These factors
modify LDL particles, rendering them more atherogenic (99). Several
antioxidant compounds have been reported to exhibit beneficial
effects against the disorder (100). As mentioned earlier, a large cross-
sectional study showed that individuals in the highest quartile of DAI
had a 23% lower chance of developing hyperlipidemia. Furthermore,
for each unit increase in DAL, the risk of hyperlipidemia decreased by
2% (31).

In summary, findings from the referenced studies indicate that
heightened antioxidant intake within individuals’ diets may decrease
the likelihood of developing various metabolic diseases and associated
complications, as illustrated in Figure 1. Nevertheless, longitudinal
investigations are warranted to establish the definitive correlation
between DAI and conditions such as obesity, MASLD, gout, CKD,
MetS, and hyperlipidemia, potentially solidifying DAI as a reliable
index for antioxidant consumption in forthcoming research endeavors
aimed at mitigating discrepancies. Furthermore, more precise cross-
sectional inquiries could delve deeper into the relationship between
this index and CKD. Moreover, exploring the nexus between DAI and
obesity, particularly among female adolescents and in regions beyond
Iran, could offer valuable insights. Additionally, future inquiries might
examine the correlation between DAI and gout in populations
both
longitudinally, to ascertain whether augmenting the DAI index could

predisposed to hyperuricemia, cross-sectionally and

forestall or alleviate the risk of gout and its associated attacks in
susceptible cohorts. Notably, studies have indicated that elevated
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blood sugar levels can trigger glucose oxidation and free radical
generation, surpassing the capacity of the internal antioxidant defense
system, and leading to vascular dysfunction and diverse diabetes
complications (71). Thus, the provision of exogenous antioxidants
may potentially impede diabetes progression. Consequently,
forthcoming investigations should assess the dietary DAI in diabetic
patients and evaluate its association with the risk of various diabetes-
related complications.

5 Pulmonary diseases

Chronic obstructive pulmonary disease (COPD) is marked by
airflow limitation and irreversible deterioration in lung function. It
ranks as the third leading cause of disability-adjusted life years
worldwide, affecting one out of ten adults worldwide (101).

Oxidative stress plays a pivotal role in the development of
COPD. It is primarily caused by exogenous factors such as cigarette
smoke and air pollution, as well as endogenous factors, including the
release of ROS by activated inflammatory cells like neutrophils and
macrophages (102, 103). This oxidative stress triggers chronic
inflammation in COPD by activating redox-sensitive transcription
factors like NF-kB and AP-1, leading to the increased production of
pro-inflammatory mediators (104). Additionally, oxidative stress
directly damages lung cells and structures, resulting in the inactivation
of antiproteases and surfactants, mucus hypersecretion, lipid
peroxidation, epithelial injury, extracellular matrix breakdown, and
apoptosis (104). It also contributes to corticosteroid resistance in
COPD by reducing histone deacetylase activity and impairing the
anti-inflammatory effects of corticosteroids (102). Furthermore,
oxidative stress induces cellular senescence and impairs autophagy in
lung cells, hastening lung aging. It may also promote autoimmunity
and peripheral airway fibrosis in COPD (102).

Dietary factors have been implicated in COPD, with studies
showing that inflammatory diets increase the risk while antioxidant-
rich diets reduce the risk (105, 106). High dietary inflammation index
scores are also associated with an increased risk of COPD (107).
Additionally, individual antioxidants have been found to have a
positive association with lung function test results (108). A cross-
sectional study conducted on individuals above 40-years-old revealed
that although no significant association was found between the
consumption of individual antioxidants and COPD, individuals in the
highest quartile of DAI had approximately a 40% lower chance of
developing COPD. CRP partially mediated this association, with a
mediation ratio of 4.68% (109). In another sizeable cross-sectional
study examining the broader association with chronic respiratory
diseases (CRD), individuals in the highest quartile of DAI had a 20%
lower chance of CRD, a 40% lower chance of emphysema, and a 25%
lower chance of chronic bronchitis. However, this study found no
significant association with asthma (110).

The pathophysiology of asthma and COPD differ, which may
explain the varying significance of DAI. The impact of dietary
antioxidants on respiratory diseases can also be influenced by genetic
predispositions and environmental factors like smoking, which is a
significant risk factor for COPD but not necessarily for asthma. The
interaction between these factors and diet may affect asthma and
COPD differently (111). In addition, certain antioxidants, such as
carotenoids, have been found to have a more substantial effect on
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FIGURE 1
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reducing the likelihood of developing COPD (112). Overall, the
significant association between DAI and COPD may be attributed to
the direct impact of dietary antioxidants in reducing oxidative stress
and inflammation, which are more central to COPD development.
The lack of a significant association with asthma could be due to
different pathophysiological mechanisms and the less direct impact
of antioxidants.

Conducting longitudinal studies is necessary to investigate causal
relationships. Furthermore, since both studies were conducted on
American data, exploring this association in other geographical
regions is recommended to confirm its generalizability. Furthermore,
as oxidative stress exacerbates acute exacerbations and disease
progression in COPD patients (102, 113), additional studies are
encouraged to assess the relationship between DAI and COPD staging
or the frequency of exacerbations in COPD patients.

6 Thyroid function

Oxidative stress plays a crucial role in normal thyroid function
and the development of thyroid disorders. ROS is essential for normal
thyroid hormone synthesis. The process of iodide oxidation and
thyroid hormone production by thyroid peroxidase (TPO) requires
ROS (114). However, excessive ROS production or impaired
antioxidant defense mechanisms can lead to oxidative stress in the
thyroid gland. This oxidative stress has been implicated in the
(115-118). In
hyperthyroidism, increased metabolic rate and oxygen consumption

pathogenesis of various thyroid disorders
result in elevated ROS generation, overwhelming antioxidant defenses,
and causing oxidative damage (116-119). In hypothyroidism,

mitochondrial dysfunction, inefficient antioxidant systems, and
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(115-117).
Additionally, Oxidative stress disrupts self-tolerance mechanisms and

metabolic disturbances increase oxidative stress
is involved in the initiation and progression of autoimmune thyroid
diseases like Hashimoto's thyroiditis (115, 116). Furthermore,
Oxidative stress and oxidative DNA damage are implicated in the
development and progression of thyroid cancers, including papillary,
medullary, and anaplastic carcinomas (118). Moreover, Biomarkers of
oxidative stress like malondialdehyde (MDA), protein carbonyls, and
altered antioxidant enzyme activities have been observed in patients
with various thyroid disorders, indicating increased oxidative damage
(115, 116).

Numerous studies have reported the specific effects of different
antioxidants on the thyroid (120, 121). Variations in effects could
be attributed to the diverse mechanisms of action that antioxidants
have on the thyroid or thyroid hormones. In a cross-sectional study
conducted on individuals aged 18 years and older, the population in
the highest quartile of DAI had an average of approximately 0.25 units
lower mean total thyroxine (TT4) levels. Furthermore, TT4 levels
decreased by approximately 0.035 units for each unit increase in DAI,
and free thyroxine (FT4) levels decreased by approximately
0.003 units. However, there were no significant associations observed
between DAI and thyroid-stimulating hormone (TSH), total
triiodothyronine (TT3), or free triiodothyronine (FT3) levels (122).

Longitudinal cohort studies are needed to investigate the long-
term effects of DAI on thyroid hormones and the incidence of thyroid
disorders. Additionally, further research has the potential to explore
the impact of DAI on autoimmune thyroid diseases like Hashimoto’s
thyroiditis and Graves’ disease. Future studies could also focus on
subclinical populations with slight deviations in TSH, T4, and T3
levels to determine if DAI can prevent the progression of overt
thyroid diseases.
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7 Bone health and strength: a focus
on osteoporosis

Osteoporosis is characterized by low bone mass, resulting in
reduced bone strength and increased fragility (123). The gold standard
method for measuring bone mineral density (BMD) is the Dual-
energy X-ray absorptiometry method, and osteoporosis is defined as
BMD T-score < —2.5 at the hip or lumbar spine (124). Although there
are available treatments that can slow down or even reverse the
progression of osteoporosis, prevention is significantly more crucial
because osteoporosis does not exhibit any clinical manifestations until
a fracture occurs (125). Such fractures can have severe consequences,
including lethality or disability (125).

The
regeneration, involves different bone cells. Excessive ROS can lead

bone remodeling process, responsible for bone
to apoptosis of osteoblasts and osteocytes (126), promote the
formation of osteoclasts (127), and hinder bone formation and
mineralization (128). A high rate of osteocyte apoptosis linked to
oxidative stress can tilt the balance toward more bone resorption,
resulting in increased bone turnover and loss (129). Conversely,
antioxidants can have a protective effect on bone health by
stimulating osteoblast differentiation and bone mineralization
while reducing osteoclast activity (129). Therefore, studies
emphasize the remarkable effect of oxidative stress on osteoporosis
development (130). Furthermore, studies have indicated a
correlation between higher levels of serum antioxidant biomarkers
and a lower risk of osteoporosis (131), and higher bone strength
values (132).

Recent research has indicated that following the antioxidant-rich
Mediterranean diet (MedD) may have a beneficial impact against
osteoporosis (133). Previously, a cross-sectional study examined
dietary total antioxidant capacity (TAC) and reported a positive
association between this index and BMD and a negative association
with the risk of osteoporosis in postmenopausal women with a high
prevalence of osteoporosis (134).

In addition, five very recently published cross-sectional studies
have scrutinized the association between DAI and osteoporosis (124,
135-137). Results of a study (124) conducted on adults aged
40-85 years in China showed that for each unit increase in DAI, the
rate of osteoporosis decreases by 2%. Moreover, participants in the
highest quartile of DAI had approximately a 40% lower rate of
osteoporosis (124). Investigations in the USA that consider BMD have
yielded similar results. A study (135), including participants aged
8-85 years, underscored that an elevation in DAI was associated with
increased total BMD in the spine, neck, and trochanter of the femur.
However, after subgroup analysis, the association between DAI and
BMD in the spine was only significant in the male population and
participants with obesity (BMI >30) (135). Additionally, it was shown
that the population in the highest quartile of DAI had higher mean
BMD values of about 0.034, 0.039, and 0.009 units for femoral neck,
femoral trochanter, and spine, respectively, compared to the lowest
quartile (135). Furthermore, in a study (136), which included
individuals above 20 years of age, results after quartile categorization
of DAI showed that an increase in DAI was associated with increased
BMD in the neck, trochanter, intertrochanter, and the entire femur
bone (136). Likewise, a study (137), which examined old adults,
showed that an increase in DAI was associated with increased BMD
in bone regions similar to those in the previous study. In addition,
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persons in the highest quartile of DAI had approximately a 46% lower
chance of osteoporosis. These associations between DAI, BMD, and
osteoporosis were stronger in female participants, in contrast to Han’s
study, which could be because the former investigation only included
old adults, in which females have a more routine prevalence of the
disease (137). Similar findings were observed in a cross-sectional
study conducted in Iran on postmenopausal women, where
individuals in the lowest tertile of DAI had a 90% higher chance of
having osteoporosis (138).

Opverall, increasing the consumption of antioxidants in the diet is
linked with increased bone strength and reduced risk of osteoporosis
in every age group and gender. However, considering all mentioned
studies were cross-sectional, longitudinal studies are still needed to
confirm these associations. Furthermore, since multiple factors, such
as microarchitecture, bone geometry, resorption, and formation, affect
bone strength (139), the association of dietary intake with these
factors can also be inspected separately.

8 Joint health: a focus on rheumatoid
arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory
disease affecting the joints and the entire body. The disease is
characterized by inflammation in the synovium, erosion of bones, and
destruction of articular cartilage (140). RA is the most prevalent type
of inflammatory arthritis, impacting around 1% of the global
population (141). Its consequences extend beyond individual health,
as it incurs significant costs, leads to disability, and causes a loss of
productivity on a societal level (142).

Oxidative stress plays a significant role in the development of
RA by fueling destructive proliferative synovitis and serving as a
critical mechanism underlying the inflammatory response (143).
Within RA sera and synovial fluids, there is a demonstrated
increase in oxidative enzyme activity alongside a decrease in
antioxidant levels. Oxidative damage has been detected in various
components, including hyaluronic acid, lipids, oxidized LDL
proteins, and proteins found in RA synovial fluid and tissue (143).
The repetitive cycles of hypoxia and reoxygenation, which influence
synovial perfusion, are believed to activate crucial transcription
factors like HIF-lo and NF-kB. These transcription factors
orchestrate the expression of genes that are vital for the persistence
of synovitis (144). Moreover, oxidative stress has been shown to
impair T cell function and induce T cell hypo responsiveness in
RA (145).

Previous studies have found an association between antioxidant
intake and the risk of developing RA (146-148) or alleviating its signs
and symptoms (148, 149). A cross-sectional study on a US dataset
focusing on women of reproductive age demonstrated that individuals
with lower DAI than the community median had an 85% higher
chance of having RA. Additionally, as epidemiological evidence
suggests shared pathways and a correlation between endometriosis
(EM) and RA, with Inflammation and oxidative stress as potential
underlying shared mechanisms, this study hypothesized an association
between DAI and risk of RA in EM women. While no additive
interaction was observed between a lower DAI and the presence of
EM regarding RA risk, the concurrent occurrence of EM and a low
DALI score was associated with an approximately fourfold increased
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risk of RA (150). Given DAT’s potential, further investigations are
necessary to assess the association between DAI and the occurrence
of other autoimmune disorders, such as systemic lupus erythematosus
(SLE), in women. These studies can contribute to developing simple
preventive strategies for susceptible populations.

9 Mental health

Mental health has been known as a crucial factor in overall well-
being. It was noted in the 1946 constitution of the World Health
Organization (WHO) that mental health characterization includes “a
state of total physical, mental, and social well-being” (151).
Epidemiological studies recommended that nutrition is indispensable
to well-being and mental health (152). Furthermore, the risk for
depression is remarkably affected by a lack of plasma level of vitamin
D (153). In this line, a review study concluded that low levels of zinc
were linked to the development of depression. In contrast, low levels
of magnesium elevated the chance of depression and anxiety. Similarly,
reduced selenium plasma levels increased the risk of depression
development (154).

In 2022, a cross-sectional study on 364 adolescent girls manifested
a negative non-linear association between the DAI score and stress
level, highlighting the importance of an anti-inflammatory diet for
good mental health (155). A similar investigation on the American
population found a non-linear association between the composite
DAI score and depression (156).

Some findings showed that the association of DAI with mental
health is not linear in all situations. For example, a study (157) found
a non-linear association between dietary antioxidant intake and post-
stroke depression risk. The study also offered a linear and inverse
association between dietary antioxidant intake and all-cause mortality
risk, meaning that higher DAI was associated with a lower risk of
all-cause mortality (157). This finding is consistent with another study
that determined a turning point of 0.16 in the association between
CDALI and the risk of depression (156). Before the inflection point
increasing one score in CDALI the risk for depression decreased by
30%, while after the inflection point, the risk reduction was 11% per
unit increase (156). The mechanism underlying this association can
be related to the strong correlation between depression and oxidative
stress triggered by the presence of ROS in the human body that gives
rise to cellular damage and inflammation. Antioxidants, such as zinc,
selenium, and manganese, are found in many healthy foods and help
to reduce oxidative stress (156). These antioxidants may prevent
damage caused by ROS. Moreover, vitamins A, E, and C are essential
antioxidants that can aid in reducing stress-induced changes in
oxidants (156). However, further research is required to investigate the
exact mechanisms involved in this association comprehensively.

10 Oncological diseases

Cancer accounts for a majority proportion of mortality worldwide.
It is predicted that due to population growth and aging, the incidence of
cancer will increase to 28.4 million people by 2040 (158). The association
between ROS and carcinogenesis is well-established (159, 160).

It is stated that oxidative stress plays a vital role in initiating cancer
pathogenesis (161). The source of these ROS in cancers can originate
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from external exposures, such as cigarette smoke, ionizing radiation,
UV radiation, or from excessive production within the body, for
example, due to point mutations in RAS codons and genes, which can
excessively produce ROS through COX-2 (162). The precise cellular
and molecular mechanisms of ROS-mediated carcinogenesis are
depicted in Figure 2. Additionally, cancer cells themselves generate
mutations that ultimately lead to the expression of genes and increased
production of antioxidant enzymes (e.g., heme oxygenase 1, quinine
oxidoreductase 1, and NADPH), allowing cancer cells to survive in the
mentioned oxidative conditions (163). However, the production of
antioxidants in other body parts is paradoxically reduced due to this
hijacking, resulting in a severe deficiency of antioxidants and further
imbalance in the antioxidant-oxidant system (163). Moreover, it has
been established that endogenous antioxidants, such as superoxide
dismutase, glutathione S-transferase, and glutathione peroxidase, have
protective effects against the initial stages of carcinogenesis (162, 164).
Therefore, it appears that by introducing exogenous antioxidants and
consequently restoring the antioxidant defense system, the prevention
of various cancers can be achieved. Moreover, it is estimated that
30-40% of all cancers can be prevented solely through lifestyle
modifications and dietary changes (165).

Numerous studies have extensively assessed the relationship
between the consumption of antioxidant-rich foods, including fruits
and vegetables, and various types of cancers, with different studies
reporting a significant association (165), namely breast cancer (166),
colorectal cancer (167, 168), pancreatic cancer (169), lung cancer
(170), and esophageal cancer (171). Furthermore, some studies
reported meaningful connections between the consumption levels or
serum levels of micronutrients with antioxidant properties and
different types of cancers (165, 172). Although dietary factors have
been recognized as important in determining cancer risk in various
studies, establishing the precise impact of diet on cancer risk has been
challenging (173), and different studies have presented contradictory
results regarding dietary antioxidants (162).

Various scientific projects have monitored the associations
between DAI and different types of cancer. Two investigations have
been conducted on breast cancer (20, 174). In a case—control study
(20), each unit increase in DAI reduced the probability of breast
cancer by about 80%. Moreover, a weak inverse association was found
between DAI levels and the number of involved lymph nodes (20). In
another case—control study (174), for each unit elevation in DAI, the
chance of developing breast cancer declined by approximately 10%.

Furthermore, two influential studies have directly examined this
association with lung cancer. For example, a study (16) accomplished a
prospective cohort study with a 14.4-year follow-up, indicating that the
probability of developing lung cancer in the highest DAI quartile is
approximately 13 to 18% lower than in the lowest quartile of each
dietary antioxidant. Besides, a prospective cohort study (175), which
included a larger and more generalizable sample of 98,451 individuals,
demonstrated that the chance of developing lung cancer in the highest
DAI quartile was approximately 36% lower. Likewise, a longitudinal
study (176), with an average follow-up of 17.5 years, revealed that the
chance of developing colorectal cancer in the highest DAI quartile was
nearly 20% lower, with a specific reduction of 23% for colon cancer and
15% for rectal cancer. This inverse association between DAI and
colorectal cancer was more pronounced in subgroups, including
overweight or obese individuals (176). Similarly, in a prospective cohort
study (177), with a mean follow-up of 17.7 years, it was addressed that
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The role of reactive oxygen species in carcinogenesis (License Number: YB26MMACHYV). This diagram outlines the involvement of ROS in the initiation

and progression of cancer. ROS production is driven by mitochondrial reactions, RAS gene mutations (K-RAS, H-RAS, and N-RAS), and exposure to
smoke or ionizing radiation. ROS induces polyunsaturated fatty acid (PUFA) oxidation, generating lipid peroxyl radicals, cyclic peroxides, and
byproducts like 4-hydroxynonenal (4-HNE) and malondialdehyde (MDA), which interact with nucleotides to form DNA adducts and methylglyoxal-
modified guanine (M1G), promoting carcinogenesis through HIC1 methylation. Furthermore, ROS-mediated pathways lead to increased extracellular
signal-regulated kinase (ERK) activation, inactivation of the phosphatase and tensin homolog (PTEN) tumor suppressor gene, and hypoxia-inducible
factor (HIF) stabilization, resulting in enhanced gene transcription, elevated cell proliferation, angiogenesis, and uncontrolled growth. These

mechanisms collectively contribute to tumorigenesis and increased carcinogenesis. ERK, extracellular signal-regulated kinase; HIF, hypoxia-inducible
factor; HIC1, hypermethylated in cancer 1; M1G, methylglyoxal-derived 3-guanidino propano adduct; MDA, malondialdehyde; PTEN, phosphatase and
tensin homolog; PUFA, polyunsaturated fatty acid; ROS, reactive oxygen species; 4-HNE, 4-hydroxynonenal.

the risk of pancreatic cancer was approximately 45% lower in
individuals in the highest quartile of DAI. This inverse correlation was
more robust in overweight and obese individuals and was only
observed for dietary antioxidants but not supplements (177). Moreover,
in a prospective study (178) performed on patients diagnosed with
squamous cell carcinoma of the esophagus who underwent
esophagectomy, the DAI of their preoperative diet was calculated. The
patients were followed up for approximately seven years, and their
quality of life was assessed using the European Organization for
Research and Treatment of Cancer questionnaires (179). The results of
this study showed that a high DAI in the diet could improve
postoperative health-related quality of life in patients with esophageal
cancer, comprising general health status, cognitive functioning, dry
mouth, and speech problems (178). For each unit increase in DAJ, the
overall symptom burden-related quality of life decreased by
approximately 30%. These findings suggest a considerable association
between the level of DAI and the prognosis of esophageal cancer (178).

Taken together, there is evidence of a meaningful inverse
association between DAI levels and different types of cancer, and the
associations seem to be stronger in breast and pancreatic cancers.
Further longitudinal studies are needed to validate the association
between DAI and breast cancer, and this association needs to
be evaluated in populations other than Iranians. Regarding lung,
colorectal, and pancreatic cancers, the prospective studies only
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measured the baseline dietary habits, and individuals’ diets may have
changed in the follow-up years. Therefore, it is necessary to prove that
the diets remained consistent to demonstrate these associations as
scientific facts. Nevertheless, these studies were mainly performed in
regions where dietary habits are relatively stable and well-defined, and
future investigations could design crossover randomized clinical trials
to assess these correlations with antioxidant-rich diets as interventions.
In terms of esophageal cancer, no studies have been designed to
investigate the fundamental association between DAI and the
occurrence of esophageal cancer. Furthermore, there needs to be an
expansion in the region where the association between anti-oxidant-
rich diets and colorectal cancer is assessed beyond Asia. Finally,
studies can be done to investigate the association between DAI and
stages and outcomes of the cancers above.

11 Helicobacter pylori infection and
gastric cancer

Around half of the world’s population is infected with the H. pylori
bacterium, making it the most common chronic bacterial infection
worldwide (180). After infection, the bacterium remains in the upper
gastrointestinal mucosa and can lead to various gastrointestinal
diseases, especially gastric cancer (181).
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The association between diet and H. pylori infection has been
scrutinized in various studies (182-184), and some studies have
reflected that consuming antioxidant-rich foods, such as fruits and
vegetables, can reduce the risk of initial infection and reinfection with
this bacterium (185, 186). However, the association between
antioxidant micronutrients, such as specific vitamins, and H. pylori
infection has produced conflicting results. This could be due to the
complex interplay of these micronutrients in the diet, where their
combined impact may outweigh their individual effects (187). In a
case—control study (188), for each unit increase in the DAI, the risk of
H. pylori infection decreased by about 20%. Besides, participants with
a DAI lower than the population median had a higher risk of H. pylori
infection (188).

Helicobacter pylori can induce ROS production in gastric host
cells (189), and high levels of ROS in the environment may
promote the growth of bacteria (190), as the bacteria have various
strategies to counteract the harmful effects of ROS, including the
production of antioxidant enzymes and proteins, like urease (191).
Urease is vital for H. pylori’s survival in the stomach’s acidic
environment. It raises the local pH by converting urea into carbon
dioxide and ammonia (192). However, urease also has a
noncatalytic antioxidant role in combating oxidative stress, which
involves quenching harmful oxidants by methionine residues in
the urease enzyme. When these methionine residues are oxidized,
they can be recycled by the enzyme methionine sulfoxide
reductase, allowing them to quench oxidants again. This cyclic
process helps protect H. pylori against oxidative damage from ROS
produced by the host (193). Antioxidants may impair urease by
disrupting this protective antioxidant mechanism, thereby
reducing H. pylori’s ability to defend itself against the oxidative
stress it has induced. This could also potentially make the bacteria
more susceptible to ROS produced by the host’s immune response
(193). Furthermore, for the persistence of H. pylori infection, the
presence of mucosal inflammation is necessary, and the anti-
inflammatory activity of antioxidants may hinder the persistence
of H. pylori infection (194).

Gastric cancer is a lethal H. pylori-related malignancy (195).
Studies have expressed an association between dietary antioxidants
and a reduced prevalence of gastric cancer (196, 197); however, some
studies implicate no significant association (198). A case—control
study (12) concluded that per each unit elevation in DAI, the risk of
gastric cancer was reduced by approximately 35%. Therefore, there
appears to be an inverse association between DAI and the prevalence
of gastric cancer, which needs to be confirmed by longitudinal studies.
Future studies can assess the association between DAI and different
stages of gastric cancer. Additionally, since the significant role of
H. pylori infection in gastric cancer has been widely established (199,
200), further studies can evaluate the intensity of DAT’s effectiveness
on gastric cancer and H. pylori infection.

12 Human papillomavirus infection
and cervical cancer

The Human Papillomavirus (HPV), which includes high-risk
types of cervical cancer (e.g., HPV 16 and HPV 18), is primarily
transmitted through sexual contact and can cause an infection that
is usually cleared from the body within a year. However, if it persists,
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it can lead to cervical cancer (201, 202). Cervical cancer is ranked the
second most prevalent reason for cancer-conferred mortality in
women at fertile ages (203). In addition to the viral characteristics of
HPYV, host factors also play an essential role in viral infection,
persistence in cells, and even cervical cancer incidence (204). One of
the internal host factors is the balance between oxidative stress and
antioxidants, which affects the immune system’s response to the virus
(204). Since oxidative stress increases HPV persistence (205), lower
levels of plasma antioxidants increase the risk of HPV infection (206,
207). Therefore, higher plasma levels of antioxidants may decrease
the risk of HPV infection and subsequently prevent cervical
cancer (208).

After HPV infection, immune cells produce ROS to eliminate the
virus, but excessive oxidative stress may damage host cells and weaken
the immune system (209). In contrast, antioxidative agents neutralize
the activity of ROS and prevent them from damaging proteins, lipids,
and nucleic acids in epithelial cells, thereby preventing excessive
immune response and further damage to cells, facilitating faster
clearance of the virus, and preventing the development of infection to
cervical cancer (210, 211).

Previous studies have shown that the consumption of antioxidant-
rich foods such as fruits and vegetables (204, 212, 213), as well as the
intake of specific micronutrients with antioxidant properties such as
vitamin A, vitamin E, vitamin B12, and folate (204, 214-217), are
associated with a reduced risk of HPV infection, especially high-risk
HPVs. In addition, the consumption of these foods and micronutrients
may lead to HPV clearance and prevent its persistence and progression
to cancer (211, 218). In a broader sense, it has been shown that the risk
of high-risk HPV infection is significantly higher in women following
a Western dietary pattern (rich in pro-inflammatory nutrients), while
it is lower in women following a MedD pattern (rich in anti-
inflammatory and antioxidant nutrients) (212).

Limited studies examined the association of DAI with HPV. In the
performed study (214) on 251 adult women with normal cervical
cytology, the DAI was inversely associated with the likelihood of being
positive for high-risk HPV. Also, with each unit increase in DAI, the
possibility of being positive for high-risk HPV decreased by 8% (214).
Furthermore, by categorizing DAI into three tertiles, individuals in the
highest tertile (highest DAI) had approximately 60% lower chance for
positive HPV. Overall, the DAI level was significantly lower in high-
risk HPV-positive women, indicating an inverse association between
the two (214).

A cross-sectional study (219) on 302 HPV-positive women
indicated that the number of cases with severe cervical cancer lesions
decreased from the lowest tertile to the highest tertile of DAI. However,
this association was not statistically significant, which may be because
antioxidants exert their protective effects only in the early stages of
infection and are not influential in the entire carcinogenesis process
(214). Future studies with larger populations or longitudinal designs
can confirm these associations. In addition, further investigations can
deliberate on women with pure cervical cancer and the effect of DAI
on the progression of cancer and its associated outcomes, such as
mortality and metastasis.

Taken as a whole, it appears that a healthy diet rich in antioxidants
may help prevent HPV infection persistence and increase the chances
of clearing it from the human body. However, in the case of cervical
cancer, it may not stop the progression to more severe lesions;
therefore, more evidence is needed to strengthen these conclusions.
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13 Reproductive ability

Infertility is a common condition affecting approximately one out
of every six couples throughout their lifetime (220). It presents a
significant public health concern, and the process of diagnosing and
treating it can be challenging, invasive, and costly (220). The majority
of infertility cases, around 37%, are related to female factors (221). As
women age, the percentage of women experiencing infertility related
to age increases, in addition to physical conditions that decrease
fertility (221). The most prevalent cause of infertility in women is
ovulation disorders, which can be influenced by lifestyle factors.

Oxidative stress contributes to reproductive problems in women,
including pregnancy complications and infertility. Moreover,
insufficient natural antioxidant defenses in assisted reproductive
technologies can possess adverse outcomes (222). Although
antioxidants may counteract these effects and support fertility, the
evidence regarding their effectiveness in preventing or treating female
infertility is currently inconsistent (223). Identifying modifiable
factors to reduce oxidative stress could provide an affordable and
noninvasive approach to enhance fertility (220).

Studies have highlighted the impact of antioxidant-rich diets and
supplementations on improving fertility (224). In a case—control study
(225), it was indicated that for each unit elevation in the DAI, the
likelihood of infertility decreased by approximately 7%. Therefore,
increasing the consumption of antioxidants in the diet may
prevent infertility.

Following the establishment of fertility, ensuring the sustained
maintenance of pregnancy becomes imperative. Miscarriage or
pregnancy loss is the most frequent complication experienced during
early pregnancy, with an estimated incidence as high as 31% (226).
Additionally, recurrent miscarriage or recurrent pregnancy loss (RPL) is
traditionally characterized by three consecutive miscarriages before
20 weeks from the last menstrual period. Epidemiological research
implicated that one to 2 % of women suffer from RPL (227). The RPL
poses a significant burden in reproductive medicine due to the frequently
unclear causes and the limited availability of diagnostic and treatment
approaches supported by robust evidence (227). A recent review suggests
that oxidative and nitrosative stress, comprising ROS and reactive
nitrogen species, are also critical in the development of early and
recurrent pregnancy loss (228). The etiology is not clear, with a study
reporting an association of polymorphisms in oxidative stress-related
genes with idiopathic RPL (229). The association between miscarriage
and diets rich in antioxidants has also been studied, and consequently,
similar results have been reported (230). However, a prospective cohort
study indicated that adherence to a specific diet during pregnancy, even
a MedD rich in antioxidants, cannot reduce the risk of miscarriage (231).
Based on these studies, the hypothesis is raised that dietary changes
should be made before conception to reduce the risk of miscarriage.
Nevertheless, in a case-control study (232) on women with a history of
RPL, it was shown that women with a higher DAI had a 57% lower
chance of being in the control group with no miscarriage in their recent
pregnancy. Additionally, for each unit increase in DAI, there was an 18%
reduction in the risk of miscarriage (232).

Taken together, there is evidence that increments in dietary
antioxidant intake can potentially prevent infertility and miscarriage;
however, further longitudinal investigations are required to display
this relationship before recommending antioxidant supplements for
addressing infertility. Moreover, it appears that increased consumption
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of antioxidants in the diet may be a strategy to dwindle the risk of
miscarriage in women with a history of recurrent miscarriages; thus,
future studies can prescribe antioxidant-containing supplements to
women with a history of recurrent miscarriages in the form of clinical
trials and assess their effectiveness on preventing subsequent
miscarriages in their future pregnancies.

14 Mortality

All-cause mortality encompasses diseases that directly caused or
contributed to death, as well as the circumstances surrounding
accidents or acts of violence that led to fatal injuries (233). The
individuals with comorbidities, having two or more diseases
simultaneously (especially CVDs and cancers), had a higher chance
for mortality than healthy individuals or having an isolated
disease (234).

Various dietary compounds have exhibited the ability to influence
apoptosis, both in controlled In-vivo and In-vitro studies (235). A
healthy diet enriched with grains decreases the likelihood of
developing CHD, CVD, total cancer, and mortality from various
causes (236). Additionally, a study on American adults showed an
inverse association between dietary antioxidants and all-cause
mortality, with higher intakes of antioxidants such as selenium,
magnesium, and vitamins E and A associated with lower mortality
rates (237).

A meta-analysis indicated that higher adherence to the MedD
was associated with a lower risk of cancer mortality (238). The
protective effects of MedD were primarily attributed to higher
consumption of whole grains, fruits, and vegetables (238). The
antioxidants have cancer-protective compounds that reduce
inflammation and neutralize potential carcinogens. Dairy products,
fish rich in n-3 fatty acids, and nuts also contribute to cancer
prevention. However, meat may promote cancer due to
pro-inflammatory ingredients. Ethanol, represented by red wine, is
controversial as its linked to certain cancers despite potential
protective polyphenols. The MedD’s protective effects result from the
synergistic actions of its components on various biological processes
related to cancer, although individual responses may vary (238).
Furthermore, another meta-analysis demonstrated that while
selenium alone had an insignificant association with CVD and
all-cause mortality, the inclusion of selenium in an antioxidant
mixture reduced the risk of mortality (239). Therefore, decreasing the
risk of mortality in different diseases requires a higher simultaneous
consumption of antioxidant nutrients than one or two specific agents.

A longitudinal study on more than 1.2 million by Sheng et al.
indicated that higher DAI decreased the risk for all-cause mortality
(240). In addition, several studies investigated the association between
DALI and mortality risk among specific populations. The higher DAI
score was linked to significantly lower CVD mortality rates (45, 237,
241), especially among Diabetic patients (46). Moreover, low
consumption of antioxidant nutrients had a two-fold risk for mortality
among individuals with a history of stroke (157). The exogenous
antioxidants would effectively counteract the endogenous antioxidants
in decreasing ROS activities and preventing cell damage (237).
Additionally, dietary antioxidants, including vitamins (A, C, and E)
and minerals (zinc, selenium, and magnesium), impact mortality in
adults with diabetes by reducing oxidative stress, mitigating
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inflammation, improving glucose regulation, and inhibiting LDL
cholesterol modification. Maintaining the balance between oxidants
and antioxidants is crucial. Antioxidants are particularly beneficial for
high-risk diabetic populations with elevated oxidative stress, reducing
all-cause and cardiovascular mortality (237). Therefore, the
consumption of antioxidants would protect cells against cancer
pathogenesis. A massive study on 11.8 million participants who
survived any tumor showed that higher antioxidant intake decreased
the risk of mortality in a long-term follow-up (242).

Most existing evidence reveals that higher DAI would decrease
the mortality rate through different mechanisms. While higher
consumption of anti-oxidant nutrients decreases apoptosis, reducing
of various diseases would

the incidence and severity

diminish mortality.

15 Conclusion

In conclusion, the majority of the reviewed studies, including
case—control, cross-sectional, and cohort studies, have confirmed that
there is an inverse association between DAI score and various diseases,
including the risk of chronic noncommunicable diseases such as
obesity, CVD, T2D, MASLD, osteoporosis, infertility, miscarriage,
mental health, cancers, and viral and bacterial infections, which
underscores the significance of antioxidants within the causal network
of these diseases. Furthermore, the studies have suggested that
investigating the association between the risk of diseases and diet’s
total antioxidant capacity using DAI may yield superior results
compared to examining the intake of individual antioxidants.
However, there is not enough evidence, at least in some domains,
regarding the significance of DAI in predicting the primary prevention
of disease incidence, the secondary prevention of severity, and the
development of related complications. Most existing studies suggest
that higher DAI provides several advantages in preventing diseases
without significant adverse effects. Therefore, further research is
warranted to elucidate the significance of using DAI in estimating the
diet’s total antioxidant capacity and its relation to human health,
employing longitudinal investigations and clinical trials.
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