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Abstract: Periodontitis is a chronic inflammatory disease driven by the accumulation of bacterial
plaque and the host’s immune response, leading to the destruction of periodontal tissues. Nutri-
tion, particularly the intake of micronutrients with anti-inflammatory and antioxidant properties,
plays a crucial role in maintaining periodontal health. This review explores the impact of various
micronutrients—vitamins (A, B, C, D, E), minerals (calcium, iron, zinc, potassium, copper, manganese,
selenium), and omega-3 fatty acids—on periodontal disease prevention and management. Deficien-
cies in these nutrients can exacerbate periodontal tissue damage by impairing immune responses,
promoting oxidative stress, and reducing bone and tissue regeneration capabilities. While certain
populations may be more vulnerable to these deficiencies, such as those following Western diets or
living in low- and middle-income countries, even in developed nations, suboptimal nutrient intake
is associated with worse periodontal outcomes. Although some studies suggest that supplementa-
tion of specific micronutrients may benefit periodontal therapy, the evidence remains inconclusive,
necessitating further randomized clinical trials. This review underscores the importance of consid-
ering nutritional guidance in periodontal treatment protocols and highlights the need for tailored
recommendations based on recent findings.

Keywords: periodontal pathophysiology; nutritional modulation; micronutrient deficiency;
anti-inflammatory nutrients; periodontal disease management

1. Introduction

Periodontitis is a chronic, inflammatory, and multifactorial disease caused by the
buildup of bacterial plaque and characterized by the progressive destruction of the pe-
riodontal tissues. The main indicators of this condition include clinical attachment loss,
radiographic bone loss, pocket depth, and gingival bleeding [1].

Periodontal tissue damage is primarily caused by the host’s improper response to
bacterial plaque [2], which involves polymorphonuclear neutrophils (PMNs) attacking
pathogens through intracellular signaling pathways and releasing free radicals. While free
radicals are essential for neutralizing pathogens, an excess of them can be harmful to tissue
cells, causing damage to DNA, lipids, and proteins [3].

While multiple factors influence oral microbiome balance and periodontal health, nu-
trition, especially consuming nutrients with anti-inflammatory and antioxidant properties,
plays a significant role. A balanced diet can support the immune system, promote healing
processes, reduce the risk of periodontal disease, and slow its progression. Studies have
shown that populations that consume diets rich in antioxidants such as vitamins A, C,
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and E, fruits, vegetables, and omega-3 fatty acids demonstrate lower risks of developing
periodontal disease [4]. In addition, sufficient vitamin D intake has been proven to improve
periodontal health by reducing inflammation and promoting bone formation [5].

The Western diet, which includes high levels of pro-inflammatory components, pro-
cessed foods, saturated fats, refined grains, sugar, fructose corn syrup, and alcohol, and
low consumption of fruits and vegetables [6], can increase the risk of oxidative stress and
contribute to a higher risk of periodontitis. Therefore, it is possible that monitoring the
inflammatory component in nutrition may be a beneficial strategy for preventing and
treating periodontal disease [7].

The Western diet may not provide all the necessary nutrients, but the problem is even
more severe in low- and middle-income countries due to a lack of food sources rich in
micronutrients such as grains, roots and tubers, legumes, nuts, dairy products, meat (beef,
fish, poultry), eggs, fruits, and vegetables [8].

Nutritional components are divided into two categories:
1. Macronutrients: These are the main components that nourish and make up various

tissues, serving as the primary source of calorie intake. They include carbohydrates,
proteins, and fats [9].

2. Micronutrients: These do not significantly contribute to calorie intake but are
important for maintaining health and essential functions, even when consumed in small
quantities (µg/mg). This group includes vitamins (water-soluble or fat-soluble) and miner-
als necessary for various metabolic and physiological processes, inflammation regulation,
immune system function, growth processes, maintenance of gum health, and prevention of
periodontal diseases [10].

The impact of macronutrient deficiencies on periodontal health has been extensively
studied. However, this review will specifically examine the potential impact of micronutri-
ent deficiencies (excluding omega-3 fatty acids) on the development and progression of
periodontal disease.

We conducted a comprehensive literature search across three major databases: PubMed,
Scopus, and Web of Science. The search was designed to identify relevant studies published
in peer-reviewed journals over the last 20 years, from January 2004 to December 2023. We
focused on human studies to ensure clinical relevance and excluded animal research and
studies without significant outcomes related to periodontal disease and nutrition.

The search terms were carefully selected to capture a broad range of research on the
relationship between nutrition and periodontal health. We used the following keywords
and phrases in various combinations:

- “Periodontal disease”;
- “Nutrition”;
- “Micronutrients”;
- “Vitamins” (including specific terms like “Vitamin A”, “Vitamin C”, “Vitamin D”,

“Vitamin E”);
- “Minerals” (including terms like “Calcium,” “Zinc,” “Iron,” etc.);
- “Antioxidants”;
- “Omega-3 fatty acids”;
- “Dietary supplementation”;
- “Inflammation”;
- “Oxidative stress”.

Inclusion criteria comprised studies that explored the effects of specific nutrients
on periodontal disease outcomes, discussed mechanisms underlying nutrient impact on
periodontal health, or provided clinical insights into dietary modifications for periodontal
patients. Exclusion criteria included animal studies, in vitro research, and articles without
relevant clinical data.

This search strategy ensured a thorough and comprehensive review of the available
literature, focusing on studies that offer clinical implications and mechanistic insights into
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the relationship between nutrition and periodontal disease. The recommended daily intake
and main characteristics of each nutrient are presented in Table 1.

2. Omega-3 Fatty Acids

Omega-3 fatty acids, including eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are essential polyunsaturated fatty acids that must be obtained from food, such
as fatty fish and plant-based sources. Omega-3 fatty acids are incorporated into the cell
membranes [11], providing energy and serving as precursors for eicosanoids, which are
signaling molecules with various roles in the cardiovascular, respiratory, immune, and
endocrine systems [12].

Omega-3 supplements have been associated with potential anti-inflammatory effects
and may contribute to the management of chronic inflammatory conditions [13], including
periodontal health. Since EPA and DHA have anti-inflammatory properties, they may
inhibit the activity of periodontal pathogens such as Porphyromonas gingivalis, Fusobac-
terium nucleatum, and Prevotella intermedia [11].

Research on the potential effects of omega-3 supplementation in periodontal treatment
is extensive. Several studies [14–17] have evaluated the clinical impact of combining omega-
3 supplements with non-surgical periodontal therapy, assessing the effects on periodontal
probing depth (PD), clinical attachment loss (CAL), and inflammation indicators. The
abovementioned studies [14–17] reported positive outcomes, including a meta-analysis
that showed that in individuals with periodontitis, the use of omega-3 fatty acid dietary
supplementation as an adjunct to non-surgical periodontal treatment can provide additional
benefits in CAL gain and PPD reduction, compared with non-surgical periodontal treatment
alone [14].

However, the evidence remains inconclusive, with some studies showing inconsistent
results due to variations in omega-3 dosages, study durations, and outcomes across studies.
Despite these limitations, the promising findings highlight the need for further randomized
clinical trials with well-defined protocols to clarify the potential benefits of omega-3 in
periodontal therapy [18]. It is important to note that while periodontal disease and tooth
loss are linked to poor nutritional status, the evidence in the literature is characterized by
high heterogeneity, resulting in varied confidence levels regarding these findings.

3. Vitamins
3.1. Vitamin A (Retinol)

Vitamin A is a group of fat-soluble vitamins, including retinol (found in animal prod-
ucts), beta-carotene (a form of vitamin A found in fruits and vegetables), and carotenoids.
Retinol, the active form of vitamin A, is an antioxidant with anti-inflammatory properties.
It helps inhibit inflammatory cytokines such as TNF-α, IL-6, and IL-12 [19]. Moreover, it
has the ability to lead to dedifferentiation and pluripotency of cells [20], a critical feature
for periodontal regeneration processes.

Vitamin A deficiency can be manifested in various ways, such as dry eyes (xeroph-
thalmia), impaired corneal keratinization, night blindness, and, in severe cases, blindness.
Oral side effects of vitamin A deficiency include dry mouth (xerostomia), increased risk of
oral infections, and impaired tooth development in infants and children [21].

Several studies have shown that vitamin A deficiency is linked to an increased risk and
severity of periodontal disease [22–24]. An exception is retinol, for which the association
between its levels and periodontitis is not consistently supported by research. Some
studies suggest that increased intake of beta-carotene (≥7.07 mg/day) is associated with a
reduction in pocket depths greater than 3mm after scaling and root planning (SRP) [25].
Nevertheless, there is limited clinical evidence on the effects of vitamin A supplementation
on periodontal healing and regeneration.
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3.2. B Vitamins

Vitamin B is a complex of several water-soluble vitamins, including thiamine (B1),
riboflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxal (B6), biotin (B7), folic acid (B9),
and cobalamin (B12). Each member of this family has a unique structure and function, con-
tributing to various essential physiological processes such as nervous system development,
DNA synthesis, red blood cell production, and amino acid metabolism [26].

Folic acid is an essential component in DNA repair processes and in preventing mu-
tagenesis by promoting apoptosis (programmed cell death) of cells with DNA damage.
Deficiency in folic acid has been linked to several diseases, including cardiovascular dis-
eases, neural tube defects, and impaired wound healing [27]. In periodontal health, folic
acid plays a critical role in the proliferation of epithelial cells. A deficiency in folic acid
may increase the risk of periodontal disease progression by impairing cell turnover in the
junctional epithelium (JE), which serves as a protective barrier. A deficiency of folic acid
leads to the widening of intercellular spaces in this layer, negatively affecting its ability
to act as a barrier and is a predisposing factor for infection of the oral mucosa, ulceration,
gingivitis, periodontitis, and impaired wound healing [28].

Indeed, several studies have demonstrated more severe periodontal disease in patients
with low serum levels of folic acid [29]. Another interesting finding is that serum folic acid
concentrations among smoking patients with periodontal disease are significantly lower
than those in non-smoking patients [30]. However, it has not yet been proven whether the
administration of folic acid supplements helps prevent periodontal disease and improve
treatment outcomes [29].

A recent study found an association between low serum B12 levels and increased
clinical attachment loss (CAL) in patients with chronic periodontitis. Another study demon-
strated that B12 levels were significantly lower in patients with chronic periodontitis than
in healthy individuals [29].

3.3. Vitamin C (Ascorbic Acid)

Vitamin C is a water-soluble vitamin found in various fruits and vegetables. It is es-
sential for collagen synthesis and immune function, and acts as an antioxidant to neutralize
free radicals. In mammals, vitamin C serves as a cofactor for several enzymes involved
in collagen formation, norepinephrine synthesis, and tyrosine metabolism. Its role as a
reducing agent makes it essential for protecting cells from oxidative stress [31].

The interplay between vitamin C deficiency and periodontal pathology was described
as early as the 18th century, when sailors suffered from scurvy, a deficiency of vitamin C
associated with gum bleeding and tooth mobility caused by collagen structure changes
and impaired connective tissue barrier formation [32]. Scurvy clinically manifests when
blood levels of ascorbic acid fall below 11 µM, with standard ranges between 23 and 50 µM.
While rare in developed countries, mild vitamin C deficiencies (serum levels below 24.8
µM/L) have been observed in approximately 10% of the general population [33] and about
30% of smokers [34].

Populations at higher risk for vitamin C deficiency include the elderly, infants ex-
clusively fed on milk, alcoholics, and people who do not consume sufficient fruits and
vegetables, with smokers being particularly vulnerable [35]. Patients with vitamin C
deficiency demonstrate more significant clinical attachment loss (CAL) than those with
normal levels [36], and there is a negative correlation between serum vitamin C levels
and antibodies to periodontal pathogens like Aggregatibacter actinomycetemcomitans and
P. Gingivalis [37].

Several studies have investigated the relationship between vitamin C levels and
periodontal health [38], gaining a diverse understanding of the mechanisms that link
vitamin C deficiency to periodontal disease:

1. A vitamin C deficiency can result in oxidative stress, which may subsequently cause
tissue damage [39].
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2. A vitamin C deficiency has been associated with gum bleeding regardless of oral
hygiene levels [40].

3. A vitamin C supplementation and initial therapy have been shown to reduce gingival
bleeding and inflammation in adult patients with gingivitis [41,42] and in diabetic
patients [43].

4. However, it should be noted that in an interventional study, the addition of vitamin C
alongside periodontal treatment did not reduce probing depths or clinical attachment
gain for periodontitis [42].

3.4. Vitamin D [44]

Vitamin D is a fat-soluble vitamin primarily (90%) produced in the skin in response to
sunlight. Small amounts, mostly D2 and D3 subtypes, are obtained from dietary sources
such as fatty fish, egg yolks, and fortified dairy products. Once synthesized, vitamin D
undergoes hydroxylation to form calcitriol, the active form of the vitamin. Calcitriol is
critical in regulating calcium and phosphate metabolism, bone formation and remodeling,
and immune responses [45].

A deficiency in vitamin D is defined as serum levels of its metabolite 25(OH)D3 falling
below 10 nmol/L, with insufficiency being defined as levels between 21 and 29 nmol/L [46].
Vitamin D deficiency can have several consequences for oral health:

1. Periodontal Disease: Studies have shown that patients with periodontitis tend to
have lower vitamin D levels compared to healthy individuals, regardless of smoking
status. This association has been significant particularly among women with moderate
periodontitis, but it exists at all stages of periodontal disease (from gingivitis to chronic
periodontitis) [47].

2. Bone Loss: Vitamin D deficiency contributes to the progression of alveolar bone
resorption, which can lead to tooth loss [47].

3. Impaired Wound Healing: Low vitamin D levels can impair the healing process
following periodontal surgery [47,48].

4. Reduced Antibacterial Defense: Vitamin D enhances the antibacterial defense of
gingival epithelial cells. A vitamin D deficiency may impair this protective mechanism,
thus increasing susceptibility to oral infections [47].

5. Inflammation: Vitamin D deficiency has been associated with increased levels of gin-
givitis, which may contribute to the further progression of periodontal diseases [47].

Vitamin D also exerts immunomodulatory effects by regulating the production of
cytokines and chemokines, as well as the activity of immune cells like T and B lympho-
cytes [49]. This helps balance the immune response and prevent excessive inflammation in
the gingival tissues. In addition, vitamin D has anti-inflammatory effects by reducing the
production of pro-inflammatory cytokines such as TNF-α and IL-6 [47].

3.5. Vitamin E

Vitamin E is a group of eight fat-soluble compounds, with alpha-tocopherol being the
most biologically active form. It acts as an antioxidant that protects cell membranes from
oxidative damage [30].

A systematic review of studies investigating the impact of alpha-tocopherol on peri-
odontal health [50] found that higher serum levels of this form of vitamin E were inversely
correlated with average probing pocket depth (PPD) in patients with periodontitis, while
gamma-tocopherol showed a moderate association among patients who demonstrated a
lower average PPD compared to their counterparts with a higher average.

Furthermore, a similar study that used data from over 15,000 patients who participated
in the NHANES cohort studies showed that the relationship between vitamin levels and
periodontal health exists across all severity levels of periodontitis (even though statistical
significance was only achieved for moderate periodontitis) and that the relationship is not
dependent on ethnic origin, although individuals with darker skin consistently exhibited
lower levels of vitamin E [30].
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In contrast to these articles, it should be noted that no relationship was found between
the two forms of vitamin E and periodontitis among patients in the PRIME cross-sectional
study [51].

Moreover, excessive intake of certain micronutrients can be detrimental to periodon-
tal health. For example, excess vitamin D may cause hypercalcemia, which negatively
impacts bone metabolism. Thus, it is essential to monitor the intake of micronutrient
supplements carefully.

4. Minerals
4.1. Calcium

Calcium is vital in maintaining oral health, particularly in bone and tooth formation
and maintenance. About 99% of the body’s calcium is stored in bones and teeth (primarily in
its form as hydroxyapatite), while the remaining 1% is found in soft tissues and body fluids.

Calcium is crucial in extracellular and intracellular environments, influencing various
cellular processes and signaling pathways. Its extracellular level is constant (2.2–2.6 mmol/L)
and is maintained by three hormones (parathyroid hormone, calcitonin, and 1,25-dihydroxy
cholecalciferol), which aim to preserve homeostasis and support vital functions such as bone
mineralization and muscle contraction. The intracellular concentration of calcium is also
tightly regulated and plays a central role in regulating cell membrane permeability, hormone
and neurotransmitter release for signaling and intercellular communication, nucleotide
formation and breakdown, and many other processes that assist in regulating events such as
proliferation, differentiation, and apoptosis [52].

In the context of inflammation, intracellular signaling processes that utilize calcium
activate immune cells and produce inflammatory mediators in response to microbial
challenges in periodontal tissues. Inflammatory stimulation can increase calcium levels in
immune system cells, thereby activating signaling pathways that promote the production
of pro-inflammatory cytokines, chemokines, and oxidants. These inflammatory mediators
contribute to the recruitment of immune cells to locate the infection or injury and enhance
the inflammatory response.

In the context of periodontal disease, a lack of regulation in calcium homeostasis
may damage the periodontal tissues due to excessive inflammatory activity in response
to periodontal pathogens. Studies have shown that adequate calcium intake is associated
with a nearly 20% lower incidence of periodontitis compared to individuals with low
calcium intake, as well as a reduced risk of progression of existing disease and loss of
attachment (regardless of other significant risk factors such as smoking, blood sugar levels,
and BoP) [53]. Furthermore, serum calcium levels have been inversely associated with the
progression of periodontal disease in older populations. Lastly, low calcium intake has
been shown to increase the risk of tooth loss in both men and women, highlighting the
importance of maintaining adequate calcium levels for gum health [54].

Regarding the impact on periodontal treatment, calcium supplements have demon-
strated promising results in improving treatment outcomes: calcium intake, whether
through dietary sources or supplements, has been linked to a lower risk of tooth loss. Stud-
ies have indicated that taking calcium supplements during specific periods and adequate
calcium intake may positively affect long-term tooth preservation [54].

Moreover, when examining the effect of vitamin D and calcium supplementation
in patients undergoing periodontal maintenance therapy, those who took a vitamin D
supplement (≥400 IU) and calcium (≥1000 mg) for an average of 10 years showed im-
proved clinical periodontal parameters compared to their counterparts who did not take
dietary supplements (even at a borderline statistical significance). Among these parameters
were pocket depth, number of sites with bleeding, gingival index, probing depth, loss of
attachment, and loss of radiographic bone support [29].
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4.2. Iron

Iron is a critical component of hemoglobin and various enzymes involved in metabolic
processes. Iron deficiency can lead to anemia, which may contribute to oxidative stress and
an imbalance between reactive oxygen species and antioxidants in the body, both of which
can negatively affect periodontal health [55].

Beyond its systemic benefits, iron is also important for maintaining gum health, and
a deficiency can impair the body’s ability to fight periodontal pathogens. For example,
patients with anemia caused by iron deficiency who also suffer from chronic periodontitis
have shown a higher frequency of bleeding upon probing, a greater percentage of sites
with clinical attachment loss of 6 mm or greater, and deeper pockets compared to those
with chronic periodontitis alone [56].

Additionally, in a case–control study involving periodontal patients with and without
iron deficiency anemia, researchers found that following non-surgical periodontal treat-
ment, serum levels of iron, ferritin, and hemoglobin increased in the anemia group [57].
While the systemic effects of iron are well known, further research is needed to determine
the specific benefits of iron supplements as an adjunct to periodontal treatment and their
potential impact on the progression of periodontal diseases.

4.3. Zinc

Zinc is an essential mineral for the proper functioning of the human body. It is a
crucial component of many enzymes involved in various biological processes. Zinc aids in
the body’s growth and development, plays a vital role in wound healing, and is necessary
for cell membrane stability. It acts as a cofactor for over 300 enzymes, helping to regulate
the synthesis and degradation of essential biomolecules such as fats, proteins, and nucleic
acids, contributes to immune function, possesses antioxidant properties, and supports
various metabolic processes [58].

Zinc is also essential for maintaining gum health: it plays a significant role in support-
ing enzymatic activities, facilitates proper protein folding, and helps maintain the structural
integrity of periodontal tissues. Zinc deficiency can contribute to the development of
gingival inflammation through various mechanisms [59]:

1. Immunological Response: Zinc deficiency can impair immune system function, re-
ducing its ability to combat infections, including those in the oral cavity.

2. Oxidative Stress: A lack of zinc can increase oxidative stress in the body, which is
known to play a role in the development and progression of gum diseases.

3. Antioxidant Properties: Zinc has antioxidant properties that help protect cells from
damage caused by oxidizing agents. Consequently, a decrease in zinc levels may lead
to reduced protective effects.

4. Enzymatic Regulation: Zinc is essential for the activity of many enzymes in the body,
and zinc deficiency can disrupt enzymatic regulation processes crucial for maintaining
oral health.

5. Bone Regeneration: Zinc is vital for bone regeneration processes. A deficiency can
hinder the body’s ability to repair and maintain bone tissue in the oral cavity, which
is essential for oral health. Low zinc levels have been associated with increased alveo-
lar bone resorption in patients with periodontitis, through a mechanism involving
elevated levels of enzymes like phosphatase, which are related to destructive bone
processes occurring during advanced stages of periodontitis [60].

6. Periodontal Treatment Effects: Studies have shown that non-surgical periodontal
treatment positively impacts serum zinc concentrations: three months after treatment
in patients with chronic periodontitis, both with and without diabetes, serum zinc
levels increased significantly compared to baseline values across all study groups [61].

4.4. Potassium

Potassium is the primary intracellular cation in the body and plays a crucial role in
various cellular functions such as metabolism, growth, enzyme activity, and DNA synthesis.
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The distribution of potassium between the intracellular and extracellular compartments
is influenced by various factors such as insulin, basic pH (alkalosis), and catecholamines,
which enhance the entry of potassium into cells. About 90% of dietary potassium is
absorbed in the digestive system and is eventually excreted in urine, thus maintaining
potassium balance in the body. Changes in potassium concentration can negatively affect
health, with low potassium levels in the blood (hypokalemia) causing symptoms such as
muscle weakness, slowed intestinal activity, and cardiac rhythm disturbances [24].

A study by Yamori et al. found a significant relationship between potassium intake
and the severity of gum inflammation among middle-aged Tanzanian women. The study
demonstrated that low potassium intake, often accompanied by a deficiency in dietary
fiber, may not only exacerbate gum inflammation but also elevate blood pressure [62].

4.5. Copper

One of copper’s main characteristics in biological systems is its ability to exist in
both reduced (Cu+) and oxidized (Cu2+) states, allowing it to participate in a wide range
of biochemical reactions. Copper-containing proteins play a crucial role in maintaining
cellular redox balance and are, therefore, important for immune system function [55].

Studies in southwestern India have shown elevated copper levels in subjects with
periodontitis, particularly those with diabetes, compared to individuals without gum
inflammation [63,64]. Furthermore, a recent study indicated that copper levels in patients
with chronic gingivitis, both with and without diabetes, significantly improved after non-
surgical periodontal treatment [61].

4.6. Manganese

Manganese is involved in metabolic processes, bone formation, the reproductive
system, and the immune system. Additionally, manganese works together with vita-
min K for blood clotting. Accordingly, manganese deficiency reduces bone density and
bone formation.

A study by Kim HS et al., 2014, showed an inverse relationship between plasma
manganese levels and the periodontal status of the participants, even after adjusting
for socio-demographic variables, oral hygiene habits, oral health status, and systemic
background conditions [65,66].

4.7. Selenium

Selenium is primarily consumed through plant sources. The bioavailability of selenium
from these food sources is influenced by its chemical form: selenomethionine, a form
of selenium amino acids, is a major source of selenium metabolized by humans. This
form, along with inorganic selenium salts, can be converted through metabolism into
selenoproteins, essential for various enzymatic activities in the body.

Since the selenium level in vegetation depends on the concentration in the surrounding
soil, selenium consumption levels vary across different geographical areas. The human
body absorbs the mineral most effectively in the presence of fat-soluble vitamins such as A,
D, and E. Selenium has several vital roles, including antioxidant, anti-inflammatory, and
antiviral properties. Additionally, studies have shown that selenium plays a crucial role in
cellular maintenance, protein folding, and the body’s response to oxidative stress. Changes
in selenium levels or selenoprotein activity have also been linked to the development of
chronic diseases, including cancer [67].

In a study by Thomas et al., 2013, researchers found that plasma selenium concentra-
tions were lower in middle-aged subjects with type 2 diabetes and periodontitis compared
to their healthy counterparts [64].

Here is a table summarizing the various micronutrients discussed, including the rec-
ommended daily intake, dietary sources, and their importance for overall and periodontal
health (Table 1):
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Table 1. Summary of micronutrients and their influence on periodontal health.

Micronutrient Dietary Source Importance for
General Health

Importance for
Periodontal Health

Recommended Daily
Intake (for Adults,
According to NHS)

References

Vitamin A

Cheese, milk, yogurt,
eggs, fish oil, liver.
β-carotene: yellow,

red, and green
vegetables (spinach,

carrots, sweet
potatoes).

Yellow fruits (mango,
papaya, apricot).

Essential for immune
system regulation,

vision, and cell
division, and acts as

an antioxidant.
Its role is unclear;
further research

is needed.

Several studies have
shown that deficiency is
linked to an increased

risk and severity of
periodontal disease.
Increased β-carotene

linked to improvement
after SRP following CAL.

Men—700 µg/day
Women—600 µg/day [22–25]

Vitamin B9 (Folic
Acid)

+
Vitamin B12

B9—broccoli,
Brussels sprouts,
leafy vegetables
(cabbage, kale,

spinach).
Peas, chickpeas,

beans, liver, cereals.
B12—cereals, meat,

fish, dairy,
cheese, eggs.

Development of the
nervous system
(reduces risk of

defects like spina
bifida), DNA

synthesis, red blood
cell formation, amino

acid metabolism.

Folic acid insufficiency
has previously been

associated with chronic
periodontitis in smokers;

Previous studies have
shown that smokers with
periodontal disease tend

to have lower folic
acid levels

B9—200 µg/day
B12—1.5 µg/day [26,29,30,68]

Vitamin C

Citrus fruits, peppers,
strawberries, broccoli,

potatoes,
Brussels sprouts.

Maintains skin, blood
vessels, bones, and

cartilage health.
Crucial for

wound healing.

Bleeding and
inflammation of gums are

symptoms of scurvy.
Supplementation may
improve periodontal
treatment outcomes.

40 mg/day [31–37,39–43]

Vitamin D

Primarily from
sunlight. Small
amounts in fish

(salmon, sardines,
mackerel), red meat,
liver, and egg yolk.

Sufficient sunlight
exposure can provide

the necessary dose;
the recommended

supplement is about
10 µg/day.

Helps regulate calcium
and phosphate levels.
Deficiency may delay

healing or
osseointegration after
surgical procedures.

While the required
dosage can be obtained

from sufficient
exposure to sunlight, it
is recommended to take
a supplement of about

10 µg/day.

[45–47,69]

Vitamin E

Vegetable oils
(soybean, olive,
sunflower, corn).

Nuts, wheat germ.

Deficiency may lead to
gum bleeding. The effect

of consumption on
periodontal treatment
outcomes is unknown.

Men—4 mg/day
Women—3 mg/day [30,50,51]

Calcium

Dairy products (milk,
cheese, yogurt), leafy

green vegetables
(kale, broccoli),
almonds, tofu,
fortified foods

(orange
juice, cereals).

Essential for bone
health, muscle
function, nerve
signaling, and
blood clotting.

Plays a crucial role in
maintaining the integrity
of the periodontal tissue

and supports bone health
in the jaw.

700 mg/day [53,54,70]

Iron

Red meat, poultry,
fish, lentils, beans,

fortified
cereals, spinach.

Vital for producing
hemoglobin, which

carries oxygen in the
blood and supports
immune function.

Adequate iron levels are
essential for reducing

inflammation and
promoting healing in
periodontal tissues.

Men—8.7 mg/day
Women under the age
of 50—14.8 mg/day

Women who
are 50 years

old or older—8.7 mg/day

[55–57]

Zinc
Meat, shellfish,

legumes, seeds, nuts,
dairy, whole grains.

Supports immune
function, wound

healing, and protein
synthesis; essential
for DNA synthesis
and cell division.

Important for tissue
repair and regeneration;
deficiency may lead to

increased susceptibility to
periodontal disease.

Men—9.5 mg/day
Women—7 mg/day [58–61]

Potassium

Leafy green
vegetables, oranges

and grapefruits,
potatoes,

and bananas.

Essential for
metabolic processes,

growth, enzyme
activity, and

DNA synthesis.

Low intake may worsen
gum inflammation.

Men—3400 mg/day
Women—2600 mg/day [24,62]
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Table 1. Cont.

Micronutrient Dietary Source Importance for
General Health

Importance for
Periodontal Health

Recommended Daily
Intake (for Adults,
According to NHS)

References

Copper

Liver, shellfish, nuts,
mushrooms, whole

grains, and
dried legumes.

Maintains cellular
redox balance.

High levels were found
in diabetic patients with

periodontitis when
compared to healthy

individuals
with periodontitis.

1.2 mg/day [24,63]

Manganese
Whole grains,

legumes, leafy greens,
avocados, nuts.

Metabolic processes,
bone formation,

immune
system function.

An inverse relationship
was found between

plasma manganese levels
and periodontal status.

Men—2.3 mg/day
Women—1.8 mg/day [65,66]

Selenium

Grains, seafood,
meat, eggs, dairy
products, yeast,

and nuts.

Cellular maintenance,
protein folding, and
the body’s response
to oxidative stress.

Low levels found in
subjects with

periodontitis compared
to healthy subjects.

55 mcg/day [66,67]

5. Discussion

Our review has highlighted significant heterogeneity among studies assessing the
impact of nutrition on periodontal health. This variability stems from differences in
study design, population characteristics, outcome measures, and assessment methods.
Consequently, the quality of evidence remains low, and standardized research protocols
are urgently needed to draw more reliable conclusions.

The relationship between nutrition and periodontal health is increasingly recognized
as a significant factor influencing the development, progression, and prevention of pe-
riodontitis [4]. This review has synthesized current findings on various micronutrients,
including vitamins A, C, D, and E, and essential minerals, elucidating their roles in peri-
odontal disease. The evidence presented highlights the multifaceted nature of periodontal
health, demonstrating how deficiencies in these nutrients can exacerbate inflammatory
responses, impair immune function, and contribute to tissue degradation [4,5,22].

One of the most compelling findings from this review is the significant association
between vitamin C deficiency and periodontal disease severity. Vitamin C is crucial for
collagen synthesis and vital for maintaining periodontal tissue’s structural integrity [38]. A
systematic review indicated that individuals with lower plasma concentrations of vitamin
C exhibited increased probing depths and clinical attachment loss, suggesting that inade-
quate vitamin C levels may lead to compromised periodontal tissue health [36–38,45,46],
reinforcing the need for adequate dietary intake of this essential nutrient.

Similarly, vitamin D has emerged as a key player in modulating inflammatory re-
sponses and promoting bone health. While some studies have linked vitamin D deficiency
to the progression of alveolar bone resorption [47], others highlighted the observed increase
in gingivitis levels as it enhances the antibacterial defense of gingival epithelial cells [71].
Understanding the data is complicated due to the heterogeneity of studies, which have
used different case definitions for diagnosing periodontitis and various thresholds for
vitamin D deficiency and sufficiency [44].

This review also highlights vitamin E’s role in periodontal health, particularly alpha-
tocopherol. A systematic review found that higher serum levels of vitamin E were inversely
correlated with probing pocket depth in patients with periodontitis, suggesting that this
antioxidant may play a protective role against periodontal tissue destruction [50]. The
antioxidant properties of vitamin E help mitigate oxidative stress, which is known to
contribute to periodontal inflammation and tissue damage. However, it is noteworthy
that some studies, such as the PRIME cross-sectional study, did not find a significant
relationship between vitamin E levels and periodontitis [51]. This indicates the need for
further investigation to clarify these discrepancies and fully understand vitamin E’s role in
periodontal health.
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In addition to vitamins, this review emphasizes the importance of essential minerals
such as calcium, zinc, and iron in periodontal health. Calcium is vital for maintaining bone
density and structure [52], and its deficiency can lead to increased bone resorption, exacer-
bating periodontal disease [53]. Zinc, known for its role in immune function and wound
healing, has been shown to have a protective effect against periodontal disease progression.
Studies indicate that zinc deficiency may impair the host’s immune response to periodontal
pathogens, thereby increasing susceptibility to infection [59]. Iron, while essential for
various physiological functions, has also been implicated in periodontal disease, with
deficiencies leading to compromised immune responses and increased inflammation [55].

This review further underscores the potential benefits of omega-3 fatty acids in peri-
odontal health. Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), possess anti-inflammatory properties that may inhibit the activity
of periodontal pathogens such as Porphyromonas gingivalis [11]. Research has shown that
supplementation with omega-3 fatty acids can lead to significant improvements in clinical
parameters, including probing depth and clinical attachment loss, when used as an adjunct
to non-surgical periodontal therapy [14]. These findings suggest that dietary interventions
incorporating omega-3 fatty acids could serve as a valuable strategy in managing periodon-
tal disease. Despite the evidence being inconclusive, some studies have shown inconsistent
results owing to variations in omega-3 dosages, study lengths, and outcomes [18].

The implications of these findings extend beyond individual nutrient deficiencies. The
review highlights the detrimental effects of the Western diet, characterized by high levels
of processed foods and low nutrient density, on periodontal health [6]. This dietary pattern
not only contributes to micronutrient deficiencies but also promotes systemic inflammation,
thereby increasing the risk of periodontitis [7]. In contrast, populations adhering to diets
rich in antioxidants and anti-inflammatory components, such as fruits, vegetables, and
omega-3 sources, exhibit lower incidences of periodontal disease [4], while a whole-food
plant-based diet has been shown to have a trend towards stabilization of inflammatory
parameters (BOP, PISA [periodontal inflamed surface area]) in patients with increased
cardiometabolic risk [72]. These correlations emphasize the need for public health initiatives
aimed at improving dietary habits as a preventive strategy against periodontal disease.

Periodontal disease is complex and influenced by numerous factors beyond inadequate
nutrition. These include genetic predisposition, socio-economic status, lifestyle behaviors
(such as smoking and alcohol consumption), and underlying systemic conditions. Adequate
oral care remains essential; however, these additional factors may significantly modify
disease risk and progression.

Moreover, this review calls attention to the necessity of integrating nutritional assess-
ments and interventions into periodontal treatment protocols. Current guidelines often
overlook the role of nutrition, despite the growing body of evidence supporting its signifi-
cance. By incorporating nutritional evaluations into clinical practice, healthcare providers
can identify individuals at risk for deficiencies and tailor dietary recommendations accord-
ingly. This approach not only addresses the underlying nutritional deficiencies that may
hinder healing but also empowers patients to take an active role in their periodontal health.

Despite promising findings for some micronutrient interventions, the evidence is far
from conclusive. Studies vary significantly in dosages, supplementation duration, and
clinical outcomes, and in some cases, no consistent improvement in periodontal parameters
is observed. This inconsistency underscores the need for more robust, randomized clinical
trials to better determine the efficacy of specific nutrient supplements.

Our review contributes to the existing literature by providing a comprehensive syn-
thesis of the current evidence on micronutrient impacts on periodontal health. The strength
of this review lies in its extensive scope, covering multiple nutrients and their interactions
with periodontal disease mechanisms. However, limitations include reliance on observa-
tional studies with inherent biases and inconsistencies, and the overall heterogeneity of
methodologies that challenge the establishment of definitive conclusions.
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Drawing from the insights of this review, we recommend specific dietary guidelines
for managing periodontal disease. Patients are advised to consume a diet rich in anti-
inflammatory and antioxidant nutrients, such as vitamins A, C, D, and E, alongside omega-3
fatty acids. Prioritizing foods like leafy green vegetables, fatty fish (e.g., salmon), nuts, and
seeds, while reducing the intake of processed and sugary items, can promote periodontal
health by modulating immune functions and mitigating oxidative stress. When serum
levels of essential micronutrients fall below critical thresholds—for example, vitamin D
under 30 ng/mL or vitamin C below 0.2 mg/dL—supplementation may become necessary.
These values are of particular clinical relevance for individuals at heightened risk of
periodontal disease.

6. Conclusions

In conclusion, the findings of this review contribute to a deeper understanding of the
role of micronutrients in periodontal health. They underscore the necessity for further
research to elucidate the specific mechanisms through which these nutrients influence
periodontal disease processes. Future studies should aim to establish clear guidelines for
dietary recommendations and supplementation strategies tailored to individuals at risk
for or suffering from periodontitis. By fostering a comprehensive approach that includes
nutritional considerations, we can enhance the prevention and management of periodontal
disease, ultimately improving patient outcomes and quality of life. Given the multifac-
torial nature of periodontal disease, a multidisciplinary treatment approach is essential.
Integrating a nutritionist into the healthcare team can provide comprehensive dietary
guidance, address nutrient deficiencies, and potentially improve patient outcomes. Future
research should focus on well-structured, high-quality studies to establish clearer dietary
recommendations and investigate synergistic effects of nutrition and other therapies.
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