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A b s t r ac t
Periodontal disease is a progressive inflammatory process, involving periodic destruction of periodontal attachment apparatus and loss of
structures of the apparatus, essentially gingiva, periodontal ligament, cementum, and alveolar bone, ultimately resulting in loss of tooth in
most susceptible patients.1 Advanced knowledge on the pathogenesis of periodontal destruction and the role of nutrients on it, has increased
the interest to determine the relationship between periodontal disease and nutrition.2 It is also essential to know that periodontal disease
risk is determined by genotype and dietary interactions.3 Nutrients that play an important role in inflammatory and immune responses can in
turn regulate and modulate periodontal health.4 Nutrigenomics is a branch of nutritional genomics, which uses genomic tools in nutritional
research to focus on the identification and understanding of the molecular-level interaction between nutrients and genomes.3 It provides
information on the influence of nutrition on the metabolic pathways and homeostatic control and also allows us to know the disturbances
arising in this regulation, at an early stage.5 This literature review provides a detailed description of the role of nutrition in periodontal disease
and recommends the daily nutritional intake necessary for the prevention of periodontal disease.3
Keywords: Nutrigenomics, Nutrition, Periodontal disease.
Journal of Contemporary Dentistry (2019): 10.5005/jp-journals-10031-1274

I n t r o d u c t i o n
Periodontitis, a microbial inflammatory disease of the supporting
structures of the teeth, results in continuous destruction of
the supporting structures. 6 Currently, >85% prevalence rate
of periodontal disease has been reported among the general
population in India, and periodontal disease is considered as the
second most-commonest disease around the world, after dental
caries.3,7
Various biological, environmental, and behavioral factors
act as “risk factors”, which increases the likelihood of developing
a disease in an individual, such as, inflammation, during which
there is depletion of antioxidant vitamins and trace elements.
These depleted molecules later counteract with the reactive
oxygen species (ROS) leading to periodontal changes.4,8 Nutrients
constitute the dietary signals. 5 Crucial interplay between the
biological system (bacteria), environmental, genetic, and
nutritional factors increases the susceptibility to periodontal
disease. 3,9
An emerging branch in the field of science and technology,
“Nutrigenomics” plays a potential role in bringing about the
changes in the future guidelines and recommendations of the diet.10
It concentrates on the interactions between the human genome
and nutrients (Fig. 1), using modern tools, such as, epigenomics,
proteomics, transcriptomics, and metabolomics (Flowchart 1).
The first nutrigenomics company was launched, in 1997. Nancy
Fogg-Johnson and Alex Merolli changed the name nutritional
genomics to genomics in 1999 and the term “nutrigenomics” was
first described by Pelegrin in the year 2001.3,11
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Nutrigenomics
Is a newly emerging scientific field that is believed to have a serious
role in the development of periodontal diseases.12

Fig. 1: Illustration of the nutrient-gene interaction
Flowchart 1: Tools of nutrigenomics

P e r i o d o n t i c s

There is an expanding scope of periodontics, which extends into
various other specialties.
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Epigenetics
Changes in the chromatin structure, results in a somatically heritable
state of gene expression, without altering the DNA sequence,
referred to as “epigenetics”. It includes DNA methylation and histone
modifications.13

Proteomics, Transcriptomics, and Metabolomics
The study of the proteome, and addressing its biological
characteristics constitutes “Proteomics”. The complete set of RNA
that can be produced from a genome is called a transcriptome.
The study of transcriptome, at the level of the mRNA, constitutes
“Transcriptomics”. The scientific study of chemical processes,
involving metabolites is called “Metabolomics”.11

Biomarkers
Various biomarkers have been identified for periodontal diseases,
such as, genetic, proteomic, microbial, and others.12

O b j e c t i v e s a n d A p p l i c at i o n s
N u t r i g e n o m i c s
•
•
•
•
•

of

To identify the genes, present in disease and health capable of
modifying the diet.
To identify the specific genes/proteins, which can be modified
by specific nutrients, that are beneficial or harmful to the body.14
To identify the transcription factors that function as nutrient
sensors.
To develop specific biomarkers, using the nutritional systems
biology, that is influenced by nutrition.11
To achieve a better understanding of the safer upper and lower
limits for essential macronutrients and micronutrients.15

E f f e c ts o f N u t r i t i o n
M e c h a n i s m s

on the

Epigenetic

DNA Methylation
Two metabolites of one-carbon metabolism are S-adenosyl
methionine (AdoMet), and S-adenosyl homocysteine (AdoHcy).
Thus, any nutrient that can affect AdoMet/AdoHcy levels in tissue
can alter the DNA methylation. DNA hypermethylation status is
reduced by genistein present in soybean, tea polyphenols, or
isothiocyanates derived from plant foods, thereby inhibiting cancer.

Histone Modifications
Niacin is involved in histone adenosine diphosphate (ADP)
ribosylation.

D i s c u s s i o n
Nutrient–Gene Interactions
Nutrients can be classified into macronutrients (carbohydrates,
fats, proteins, and water) and micronutrients (vitamins, minerals,
and trace elements). Nutrition affects the transcription of
genes16 (Table 1). Along with genetics and diet, even the other
environmental factors, such as, smoking, physical activity, etc., are
also to be considered to optimize health.17

N u t r i g e n o m i c s : E f f e c ts
H e a lt h

Artificial sweetener, xylitol, has an antibacterial effect against
p erio dont al patho gens, Porphyromonas gingivalis and
Aggregatibacter actinomycetemcomitans. Reduced intake of sugar,
along with scaling and root planing (SRP), and the use of xylitolcontaining gums effectively improves the periodontal health of
the general population.

Role of Vitamins
•
•
•
•

Various researches indicate that there is an improvement in
periodontal health upon vitamin A supplementation.
While vitamin B supplementations may accelerate the
postsurgical healing, the supplementation with vitamin C may
improve the periodontal therapy outcomes.
Local application of vitamin D accelerates postsurgical healing/
osseointegration.
Oxidative stress reduction action of dietary vitamins E and C
have been studied in periodontium and patients undergoing
nonsurgical periodontal therapy has shown to increase the total
antioxidant capacity (TAOC) in supplementation with vitamin C.

Table 1: Most common transcription factors mediating the nutrient-gene
interactions
Nutrient
Carbohydrates

Proteins
Fats

Histone Acetylation
Vitamin B3 and vitamin B5 are involved in histone acetylation.
Enzymes of histone acetylation are histone deacetylase (HDAC)
and histone acetyltransferases (HAT). Resveratrol (a bioactive
component in grape skins) inhibits HDAC. Histone acetyltransferase
is inhibited by curcumin.

Vitamin D
Vitamin E
Minerals
Calcium

Histone methylation is affected by vitamin B9, B12, choline,
methionine, and betaine.

Histone Biotinylation
Deficiency of vitamin B7 (biotin) has a significant impact on
chromatin structure, gene silencing, and DNA repair.13
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Role of Carbohydrates

Vitamins
Vitamin A

Histone Methylation

on

Iron
Zinc
Others
Flavonoids
Xenobiotics
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Transcription factor
ChREBP (carbohydrate responsive elementbinding protein), SREBP (sterol responsive
element-binding protein), upstream stimulatory
factor
EBPs (enhancer-binding protein)
PPARs (peroxisome proliferator-activated
receptor), LXR (liver X receptor), HNF
(hepatocyte nuclear factor)
RAR (retinoic acid receptor), RXR (retinoid X
receptor)
DR (vitamin D receptor)
PXR (pregnane X receptor)
Calcineurin/NF-ATs (nuclear factor of activated
T cells)
IRP1, IRP2 (iron regulatory protein)
MTF1 (metal responsive transcription factors)
ER (estrogen receptor), NFκB (nuclear factor Κb),
AP1 (activating protein 1)
PXR
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Role of Minerals
•
•
•
•

Lipids

Local application of calcium enhances osseointegration and
outcomes of nonsurgical periodontal therapy have shown to
improve with calcium supplementation.
Magnesium supplementation also improves the nonsurgical
periodontal therapy outcomes.
Iron and zinc have an antioxidant effect on the periodontium.
Zinc also reduces the severity of diabetes-induced periodontitis.
Another important mineral that protects the teeth is fluoride.
Supplementation with fluoride and its topical application
prevents dental caries.18

Common Dietary Sources and Recommended Dietary
Allowances (RDA*) of Nutrients (Table 2).19–23

E f f e c ts o f N u t r i g e n e t i c I n t e r ac t i o n s
P e r i o d o n ta l D i s e a s e

in

Macronutrients
Proteins
Connective tissue degeneration of the gingiva and periodontal
ligament, osteoporosis of alveolar bone, impaired cemental
deposition, and delayed wound healing are the associated
manifestations of protein deficiency.24

Through biomarker analysis, a positive modulating effect of n-3
poly unsaturated fatty acids (PUFAs) has been suggested on
gingival inflammation in animals.25 Kesavalu et al.26 hypothesized
that omega (ω)-3/n-3 fatty acids (FA) dietary supplementation,
modulates the inflammatory reactions, leading to periodontal
disease in infected rats. Female Sprague-Dawley rats were used in
the study. Rats were fed with fish oil containing n-3 fatty acids or
corn oil with n-6 FA diets for 22 weeks and infected with P. gingivalis.
Diet-induced changes were documented in the rats on ω-3 FA
diet in the form of elevated serum eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) levels. Porphyromonas gingivalis
strains, mixed with equal amounts of 2% carboxymethylcellulose,
were used orally to infect rats within 15 minutes of removal from
the anaerobic environment. Polymerase chain reaction (PCR) was
carried out, which showed a less alveolar bone resorption in P.
gingivalis induced model of periodontitis.26
El-Sharkaw y et al. evaluated the ef fec ts of dietar y
supplementation, in their study, which aimed to test an innovative
strategy for periodontal treatment in a parallel‐design, double‐
masked clinical experiment on 80 healthy subjects (40 per group)
with advanced chronic periodontitis. Plaque and gingival indices,
bleeding on probing, probing depths, and attachment levels
were recorded. 27 While the control group received SRP and
placebo, the test group was treated with SRP followed by dietary

Table 2: Common dietary sources and recommended dietary allowances (RDA) of nutrients
Nutrient
Vitamin A
Niacin

Dietary sources
Oily fish, liver, eggs, and carotenoids containing dark green and yellow fruits and
non-citrus vegetables
Dairy products, eggs, meat, yeast extracts, and pulses

Pantothenic acid

Chicken, beef, oats, liver, egg yolk, broccoli, etc.

Biotin

Liver, smaller amounts in fruits and meats

Folate
Vitamin B12

Dark leafy vegetables, enriched cereals grains, enriched and whole-grain bread
and bread products, etc.
Dairy products, meat, fish, eggs, fortified breakfast cereals

Vitamin C

Citrus fruits, bell peppers, parsley, berries, green vegetables, and potatoes

Vitamin D
Vitamin E
Iron

Sunlight, oily fish, eggs, fortified margarine
Sunflower seeds, vegetable oil, eggs
Meat, fish, dark green vegetables, pulses, and fortified breakfast cereals

Zinc

Meat, poultry, dairy products, fish, shellfish, and pulses

Selenium
Calcium
Fluoride

Animal products
Milk, cheese, yogurt, Chinese cabbage, broccoli
Fluoridated water, marine fish, teas, etc.

Magnesium

Green leafy vegetables, unpolished grains, nuts, starches

RDA*/day
Men and women: 100 μg
Men: 16 mg
Women: 14 mg
Pregnant women: 18 mg
Men and women: 5 mg
Pregnant women: 6 mg
Men and women: 30 μg
Pregnant women: 30 μg
Men and women: 400 μg
Men and women: 1.8 μg
Pregnant women: 2.6 μg
Men: 90 mg
Women: 75 mg
Pregnant women: 80–85 mg
Men and women: 5 μg
Men and women: 10 mg
Men: 8 mg
Pregnant women: 18 mg
Men and women: 8–11 mg
Pregnant women: 12 mg
Men and women: 55 μg
Men and women: 1,300 mg
Men: 4 mg
Women: 3 mg
Men: 240 mg
Women: 240 mg
Pregnant women: 400 mg
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Flowchart 2: Key etiological factors in the development of periodontal
disease

supplementation of omega-3 PUFAs and 81 mg aspirin daily. A
significant pocket depth reduction and attachment gain were
showed after 3 and 6 months in the test group compared with the
control group. Hence, adequate daily intake of fish oils are necessary
for the prevention and treatment of periodontitis.25

Micronutrients
Dietary deficiency or lifestyle factors, resulting in decreased serum/
plasma micronutrient levels, may play a key etiological factor in the
development of periodontal disease (Flowchart 2).1

Role of Vitamins and Minerals
Vitamin A
Deficiency of this vitamin will lead to mucosal keratinization and
leukoplakia.

Vitamin B Complex
A deficiency of vitamin B12 causes reversible dysplastic changes to
the oral mucosa and recurrent ulcers. Vitamin B3 deficiency leads
to mucosal atrophy and folate deficiency leads to candidosis.23

Vitamin D and Calcium
Vitamin D receptor (VDR) gene polymorphisms are associated
with periodontitis.28 Decreased calcium absorption and increased
osteoclastic activity of bone can be observed when the serum levels
of 25(OH)D are low. Miley et al.29 conducted a study on the effects of
vitamin D and calcium supplementation on 51 chronic periodontitis
subjects, of which, 23 subjects received vitamin D (≥400 IU/day) and
calcium (≥1,000 mg/day) supplementation, and 28 subjects did not
receive such supplementation. Periodontal disease parameters,
such as, gingival index, probing depth, attachment loss, bleeding
upon probing, and furcation involvement, were recorded for the
mandibular posterior teeth.
Exclusion criteria consisted of:
•
•
•
•
•
•
•
•

Any periodontal surgery within the last year.
Scaling and root planing, within the past 6 months.
Diabetic history.
History of diseases/conditions, or use of medications that might
affect bone and mineral metabolism and/or periodontal health.
Treatment with fluorides within the past 24 months.
Treatment with estrogen within the last 6 months.
Treatment with bisphosphonates in the past 12 months.
Antibiotic therapy.

A trend toward better periodontal health was observed in
subjects who received periodontal maintenance therapy with
adjunctive vitamin D and calcium supplementation.25,29
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Krall et al. obtained the information on tooth loss and oral health
status, from 145 subjects aged 65 years/older, who completed
a 3-year, randomized, placebo-controlled trial of the effect of
vitamin D and calcium supplementation on bone loss from the
hip, as well as a 2-year follow-up study, during which supplements
were discontinued. Subjects in the supplemented group received
calcium citrate malate, 500 mg/day, and cholecalciferol, 700 IU/day.
Subjects in the placebo group received the same number of pills,
each containing microcrystalline. 30 Results showed a significant
reduction in osteoporosis and tooth loss, in subjects who were
received calcium supplements.31

Vitamin E
Deficiency of vitamin E in humans is unlikely, as the vitamin is widely
distributed in the diet. Therefore, a correlation between periodontal
disease and vitamin E dietary deficiency cannot be established.32

Vitamin C
Nishida et al. conducted a study utilizing the survey conducted
by NHANES III, on 12,419 adults (20–90+ years of age), with dental
measurements and assessment of dietary vitamin C. Individuals
with clinical attachment levels of ≥1.5 mm, were arbitrarily
defined as the periodontal disease group. A statistically significant
dose–response relationship was observed between vitamin C and
periodontal disease, with a low intake resulting in an increased risk
of periodontal disease.33 Also, a higher risk of disease occurrence
was found with low dietary vitamin C intake, among former
and current smokers. Increased risk of periodontal destruction
is found to be associated with IL-1, IL-1β, and IL-RN genotypes
polymorphisms. 31
Blignaut and Grobler34 compared the periodontal condition of
workers in citrus fruit-producing farms with those working in grainproducing farms.25 Workers of grain farms served as controls. CPITN
index was used to record the periodontal status.34 Results showed
a less frequency of deeper pockets in subjects who consumed
citrus fruit.
The relationship between vitamin C deficiency and necrotizing
ulcerative gingivitis has also been frequently described.25
Vogel et al. studied the effects of mega-doses of ascorbic acid/
vitamin-C on neutrophil chemotaxis and experimental gingivitis,
among 24 dental students (18 males and 6 females), divided into
two groups. Students demonstrating clinical attachment loss/
moderate to severe gingivitis, or taking vitamin supplements/
having any systemic disease/taking any medication that affects
the periodontium were excluded from the study. 35 Results
demonstrated that the daily dietary intake of vitamin C was less
in periodontitis individuals when compared with the control
subjects.36

Zinc
Using nutrigenomic techniques, Dang et al. investigated the
efficacy of zinc supplementation, modified by SLC30A8 genotype,
to improve beta-cell function in a rat cell-line model with diabetes.
To investigate the potential impact of increased extracellular zinc
on insulin secretion in the model, control/ZnT8 small interfering
RNA knockdown beta cells were incubated, 24 hours before
incubation with extracellular glucose. Based on the data collected,
they hypothesized that zinc supplements may alter periodontal
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disease progression through changes in expression of the ZnT8
transporter gene.1,2

Others
Makimura et al. conducted a study to examine the inhibitory effects
on collagenase activity by the catechin derivatives from Japanese
green tea Camellia sinensis. Among the tea catechins tested,
epicatechin gallate and epigallocatechin gallate showed the most
potent inhibitory effect on collagenase activity, when an optimal
concentration of tea catechins was added to a reaction mixture
containing collagenase and collagen. 37 Decrease in the clinical
parameters, such as, mean pocket depth, clinical attachment loss,
and bleeding on probing, was associated with every one cup/day
increment in green tea intake.
The possible role of flavonoids in relation to the periodontal
disease was supported by many animal studies, that investigated
the effects of a cocoa-enriched diet on gingival oxidative stress in
a rat-periodontitis model.25 Tomofuji et al. conducted a 4-week
study on rats, which were divided into three groups (n = 8/group):
A control group (fed with regular diet) and two periodontitis groups
(fed with regular/cocoa-enriched diet). Periodontitis was induced
in these models, by ligature placement around the mandibular first
molars. Consuming a cocoa-enriched diet showed a diminished
periodontitis-induced oxidative stress and a suppression in the
progression of periodontitis.38

C o n c lu s i o n
Nutrigenomics is currently showing tremendous success, since the
development of personalized nutrition interventions is likely to
induce large, appropriate, and consistent modifications in eating
and lifestyle behaviors, supporting new preventive and therapeutic
strategies.39
The 2011 European Workshop on Periodontology recommends
that the dental team, as a part of the periodontal prevention/
treatment regime, should consider to include fish oils, fruits and
vegetables, fibers, and to reduce levels of refined sugars in the
diet.40 Adequate daily intake of vitamin D and calcium are also
recommended, for the prevention/treatment of periodontitis.41 It
is expected shortly that, nutrigenomics will allow the identification
and validation of new markers of cancer risk.42
Thus, a better understanding of the inter-relationships between
the human genome function and dietary components are necessary
to achieve stability throughout the life cycle, to result in optimal
human health and disease prevention.43
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